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Investment Optionswith Debt Financing and Differential Beliefs

Abstract

A contingent claims model with differential belibé&gsween debt and equity holders about
the asset’s growth rate and volatility is used tiudy the impact of differential
information between debt and equity holders on fiatue, optimal capital structure, the
timing of investment and other variables such a&sdtedit spreads. The model explains
the existence of debt constraints when debt holdav® unfavorable beliefs about the
volatility or the growth prospects of the firm. Wit this framework, equity holders’
volatility choice prior and after the exercise dfetinvestment option is also analyzed

which is affected by the stickyness of debt holbeligfs.



|. Introduction

Most studies analyzing capital structure and inwesit decisions assume
homogenous beliefs about the growth and volatiftassets between the different claim
holders. Many studies in experimental economicsletthvioral finance, however, show
that the firm’s managers may exhibit overconfideacel optimism (see discussion in
Heaton, 2002). Itzhak Ben-David et al. (2007) slempirical evidence based on survey
data on the existence of overconfidence managengy TShow that overconfident
managers invest more and use more debt. Diffegemcéeliefs may exist because of
differential information held by different claim liers (e.g., insiders versus outsiders).
Grenadier and Wang (2005) use a real options ntodetalyze information asymmetries
between the owner and manager showing that the gearfeas an incentive to delay
investment compared to the optimal case with no@geroblems. Hackbarth (2008)
(see also Hackbarth, 2009) studies managerias taaitl their impact on capital structure
decisions. He studies managerial optimism regarttiagyrowth rate and volatility and its
effect on the agency costs caused by asset suiostitlihis study analyzes the impact of
debt differential beliefs between equity holders/ifer-managers) and debt holders on
firm value, the timing of investment, the optimadfault decision and other important
variables like the credit spreads. A contingentinclapproach is utilized that also
incorporates equity holders’ choice of volatilityefbre and after investment option
exercise.

Our work is also related to the literature concegrthe existence of financing

constraints. Asymmetric information is consideredbte one of the reasons for the



existence of debt constraints and credit ratiotigsg for example, Fazzari et al. 1988 and
Stiglitz and Weiss, 1981). Rauh (2006) and Hubbetrchl. (1995) show empirical
evidence that firms face financing constraints taa attributed to possible debt and
equity market frictions. Holod and Peek (2007) ®om the banking sector showing that
banks with less asymmetry between internal exigrnal investors face less financing
constraints. Whited and Wu (2006) and Gomes ef28l06) document empirically the
significance of financing constraints and show tety represent a risk factor of firm
returns. Our paper shows that unfavorable bebgfdebt holders make external finance
costly and thus may reduce the usage of debt efédgtacting as an endogenous debt
constraint. We build on the Mauer and Sarkar (20@&mnework which allows the
simultaneous study of the impact of differentididfe on the investment, capital stucture
and default decisions. Adding asymmetries in infation in capital structure models is
also motivated in the conclusions of Leland (1898ur results show that when the debt
holders’ estimate of the firm’s volatility is higher when the growth rate of assets is
lower than the equity holders’ estimate, optimalelage and firm values are reduced.
These unfavourable beliefs of debt holders acinasnalogenous constraint on the use of
debt and create adjustments in the firm’s investnpaticy and capital structure. With
differential beliefs and equity holders optimisnoabeither the growth rate or volatility,
equity holders delay the exercise of the investnogation in order to obtain a higher
option value of waiting since debt is overpricedir @esults are consistent with recent
empirical findings of Ascioglu et. (2008) who sheélat firms facing higher information

asymmetry will invest less and rely more on intéroapital to fund investment. Our

! Part of Leland (1998) focuses on asset substitptidiich is not investigated in our work.



results also show that equity holders in this caslealso delay default. Credit spreads
increase because of debt holders unfavourable fodiat implies a higher cost of
borrowing, however, for very high deviations of tiéblders and equity holders beliefs
credit spreads may decrease because of the lovatpvesed.

Finally, a model where equity holders can optimallyoose assets’ volatility
before and after the exercise of the investmenbops$ proposed. Under common beliefs
between equity and debt holders, firm value is med at higher pre-investment
volatility and lower post-investment volatility. igher volatility prior to investment
improves the firm’s option on unlevered assets,laviower post-investment volatility
increases the debt amount raised and the tax bewéfdebt (net of bankruptcy costs).
With differential beliefs and debt holders maintag sticky beliefs based on the pre-
investment volatility levels, the equity holderstentive of high pre-investment volatility
is reduced. Moreover, in the case of sticky deltldrs beliefs, equity holders have an
incentive to increase post-investment volatilitince the debt holders’ stickyness on

prior beliefs allows them to obtain debt financatdow cost.

[1. The modd

The model without differential beliefs

Following Leland (1994), firm’s unlevered assetlofie a Geometric Brownian

Motion



(i/—v = udt+odz (1)

where u denotes the capital gains of this assetdenotes its volatility andlZis an
increment of a standard Weiner process. Similaretand (1994), it is assumed théts
unaffected by the firm’s capital structure: any gon payments on debt are financed by
new equity, leaving the value of unlevered asse#dfacted. Nonetheless, a dividend-like
opportunity cost of waiting to invest may exist, that captures competitive erosion on
the value of assets (e.g., Childs and Triantis 199@eorgis 1996 ch.9, and Trigeorgis
1991). A lowo affects the (risk-neutral) drift- J, used in the valuation, showing that a
low o effectively increases the growth rate of the vatdieunlevered assets (see also
McDonald and Siegel, 1984).

The firm holds an investment optioR(V) to pay capital cost and acquire a

potentially levered positiotV - (V) = E(V) + D(V) where E(V ) and D(V ) denote the
stochastic values of equity and debt respectiveéhder the perpetual investment horizon
assumption, the analytic framework of Leland (1984) Mauer and Sarkar (2005) for
the value of the firm is used. Firm val&é€V) coincides with the value of current equity
holders. Its value derives from the option to optii;nselect the timet( ) of investment,
taking into consideration that it can be partidihanced with debtD(V )Equity holders
will, thus, pay the investment costs, recei®/) (in cash) from debtholders and get a
levered equity positio&(V) (that also includes the option to default). Theney that the

firm actually needs to pay (the equity financingt to be confused with equity value)



equald -D(V ) Therefore, the current equity holders have thetionp on
maxE(V) — (I — D(V)),0) which is equivalent tmaxE(\)+D(V) -1 Q)
Equity value conditional on investment and defatil¥/; equals (see also Leland,

1994, and Mauer and Sarkar, 2005):

R

p=1-{ 'f)—\/[%—r'sz+2—2<o @

The parameters,R,r denote the tax rate, the coupon and the riskrierespectively.
Equity holders will obtain the value of unleveresbetsV, minus a perpetual stream of

coupon payments (second term) plus the tax benghtsd term) plus the option to
default, saving the interest payments on debt bingiup the value of assets at default
and the tax benefits from that point forward (k&stm).

Similar to Leland (1994) and Mauer and Sarkar (208§uation (3) below shows
the value of debD(V) when debt holders have full information aboutad#f risk and
other parameters. Debt holders will account forefmme interest at default thus
accounting for default risk in the determination @fV). They will also take into

consideration bankruptcy costs proportionaVt@efined by parametdn).

g g
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At the investment trigger, equity holders would wam maximize their position, that is

E(V,)+D(V,)-1. Combining equation (2) with equation (3) givesnfvalue (equity
holders position) at the investment trigger:

B B
v -+ FR (VO vl [V
FV) =V, -1+ . [1 (VBJ J bVB(V J (4)

Firm value at the investment trigger equals theuwabf unlevered assets plus the

expected value of tax benefits until default mithesexpected value of bankruptcy costs.

As in Leland (1994), the optimal default trigger is:

-0 R
Vo =——(@0-1)— 5
=g 007 (5)
Note that sincg < Q V; is positive. The equity holders’ option to invesgiven by:
V a
F(V) =[E<\/.)+D(v|)—ll(v—] where
| (62)
2
Q=1 (-0, (1_r—5j L2
2 o° 2 o’ o’
Equivalently, equation (8a) can be re-written as:
a B a B a
\Y TR \Y \Y \Y Vv
F\V)=(V, 1) — | +—|1-|=| |=—| -bVg| | |—
V=t )(V| J r [ (VB] }(VI ] B(VB] (VI ] (6b)
= E[V - ]+ E[TB] - E[BC]

wherekE[.] in the last line stands for “expected presealue”. The last line effectively
shows that the value of the firm can be writterthes expected value of the unlevered

assets (option on unlevered assets) plus the egeetiue of tax benefits minus the



expected value of bankruptcy costs (as in MauerSattar, 2005). The net benefits of
debt are defined as the difference between thectegbdax benefits and the expected
bankruptcy costs, i.eNB=E(TB) - E(BC .)

V, is selected to maximize the current equity hofdegtion value given by

equation (8a) (or equivalently 8b). The first oradendition is calculated by applying

oF|  _ov'| S | |
WV, oV, 2N gven in equation (9) below
B
1+ ,8((1— r)— —ij[_lj (_j +
r VﬁB Vv, o
,3[(1— b)Vg - TRJ(://_IJ (Vij - a(vij(E(v, )+D(V,)-1)=0
B | I

Mauer and Sarkar (2005) use this framework to staggncy issues between equity
holders and debt holders. The condition aboveHeritvestment trigger is equivalent to
their “first-best” condition of firm value maximizan.

At the time of investment the equity holders willect the optimal level of the
coupon payment that determines optimal capitalcgire. The coupon payment should
be selected simultaneously with the investmengéiigsince both the coupon and the

investment trigger affect the firm’s debt capaeihd the risk of default.

Differential information between equity and debldeos

In this section it is assumed that each party mayeha different belief about

either the growth rate or the volatility of assetgwever, each party truthfully

communicates its beliefs to the other party. Wecdes the model of differential



information with respect to volatility. A similanalysis applies for the growth rate and
numerical results are presented for both cases.

Equity holders will use their own estimate of ity to optimize the bankruptcy
trigger point. The default trigger determined usthgir estimate of volatility (which is

shown using the symbd) affectsV; through the auxiliary parametéfe) and equals:

- B RA-T)

V, =
T T

(8)

where g’ is the estimate of volatility perceived by equitylders. Equity value is then

given by:

Bee)
=y - oo [FRwo||olg
)

For a given investment trigger, debt holders wdtide on the amount of debt to
be given based on their estimate of volatility. Dieblders will determine the amount of

debt by:

D(V|)——+((1 b)Ve ( )——)(V @ ))ﬂ“”
(10)
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Note that debt holders use their own perceptiomatdtility that affects parametei(d)
and in turn their perceived probability of defaaitd the expected present value of debt.
However, debt holders use the default trigger asraened by equity holders since the
default decision is controlled by equity holders.

Equity holders, working backwards, will take intonsideration the debt holders’
valuation when they decide about the optimal timifignvestment, which is found by

maximizing firm value:

F(V) =[E(v,) +D(V, ) - I](Vlj (11)

where

Note thatD(V, ) is the value of debt as perceived by debt holdérs.optimal investment

trigger is then found by solving the following firsrder condition:

B(e) £(d)
1+,8(e)[(1—r)f—vB<e)j[V;"(e)] (VllHﬁ(d)((l—b)vB(e)—fj[\‘/’;j [\/1|]

J20) A
o (v —a-nRea-nR- Vi Rila- _RY WV -1 =
a(vl J((vl -1)"+0-1) VB(e))(VB(e)J + +((1 b)Vg (€) r](VB(e)) |J 0

(12)

Equation (12) includes debt holders’ differentialiefs about the volatility, since the

debt value incorporates the debt holders’ estimateimilar analysis can be applied for

11



differential perceptions about the dividend yiekffécting the perceived growth of
unlevered assets). By substituting equations (€) (&0) into equation (11), firm value
may also be written as the value of unlevered agses the tax benefits of debt minus

the bankruptcy costs.

The expected present value of the unlevered firat @i investment costsg(V -1 )
equals
B(d) B(e) B(e) B(d) a
V) + VB(e)( Vi J —VB(G)( Vi j +B( Vi J —B( Vi J - (ij
Vs (€) Vg (€) r\Vs(e) r\Vs(e) Vi
(13)

The expected present value of tax benei($B eqlals
Ble) a
R_R( vV 1
r r\Vg(e Vv
The expected present value of bankruptcy c&8BC equals

B(d) a
v, v
{bVB (e)(vB (e)J ]{w j . (15)

With common beliefs3(e) = S(d )and the second term in the value of unleveredtisasse

becomes zero. In this case equation (6b) for fielue is obtained (the non-differential
information case). As can be seen by equation &)t holders differential beliefs may
significantly change the net value of unleverecetssbtained by equity holders and the

remaining debt payments after default. In all equmst a common estimate about the

12



level of the default trigger is being used whichhe one determined by equity holders.
Equation (14) shows that expected tax benefitoalg influenced by the equity holders’
beliefs, while equation (15) shows that the leviebankruptcy costs is also affected by

the debt holders’ beliefs (paramet@(d ). Jhis result is intuitive since debt holders

place emphasis on the value obtained at defaulhéve no interest on the tax benefits of

debt which is solely obtained by equity holders.

[11. Numerical results and discussion

Differential information between equity holders atebt holders

Table I(a) presents numerical results with varyidggree of differential
information, in terms of volatility between the twstake holders. The base case
parameter values of Leland (1994) are used withduitional assumption of a positive
opportunity cosb of 6%. For the symmetric case we use a volatdlity 0.25 for both the
equity and debt holders. Other parameters valieasafollows: value of unlevered assets
V =100, risk-free rate = 0.06, investment co$t=100, bankruptcy costs= 0.5 and tax
ratet = 0.35. The upper panel of the first table showes results when the debt holders
believe that actual volatility is lower than thagrpeived by the equity holders. In this
case, equity holders will invest earlier than ie symmetric case, because they can use
higher leverage. Equity holders also default ahéigdefault trigger, compared to the
symmetric case. Note that, in this case, firm a@bt dalue increases substantially, since

equity holders can acquire inexpensive debt. Inriwee interesting case where debt

13



holders believe that volatility is higher, equitgltters will delay investment and also

default at a later point. This enhances the vafiezjaity and reduces debt and firm value.
This effectively acts as a binding constraint obtdsince one observes that debt levels
and optimal leverage ratios are lower than thosthénsymmetric case. Credit spreads
exhibit an inverse U-shape. They are lower thathénsymmetric case when debt holders
perceive lower volatility than equity holders. Thgs in general, reversed when their
perception is higher, except for very high (unfalde) asymmetry levels, where credit

spreads become lower than those in the symmetsie, deecause of the extremely low

debt levels used.

[Insert table I(a) here]

Table I(b) shows the results for the case of ddifial information, in terms of
growth rate estimates. A higher level of perceiveidhplies a lower perceived level of
growth. Our results are similar to the case ofedédhtial information about volatility,
including the behavior of the credit spreads. Sigantly, when debt holders perceive a
lower growth rate of the assets, equity holdersease the optimal investment trigger,
and reduce the optimal default trigger debt lewsld leverage ratios. Effectively, lower

perceived growth rates by debt holders act as at@int on the level of debt used.

[Insert table I(b) here]
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Our analysis adds to the literature analyzing thdewinvestment problem (see,
for example, Moyen, 2002 and Mauer and Ott, 2000)his literature the equity holders
delay investment (and thus underinvest) when therean existing debt and new
investments are financed solely with new equityuiggholders underinvest, since the
new investment creates shared benefits with egisdebt holders (while equity holders
alone bear the extra risk). Leland (1998) and Maaed Sarkar (2005) discuss
overinvestment incentives by equity holders. Inabel (1998), there is overinvestment
due to asset substitution, i.e., equity holdersstvn riskier project ex-post to agreed
debt levels. Similarly, in Mauer and Sarkar (20@5)uity holders maximize the value of
equity, instead of the total (levered) firm valu@ur model provides an alternative
explanation based on differential beliefs aboutubkatility of assets or growth that may
justify over or under investment. In the more iet#ing case analyzed, debt holders have
beliefs of higher volatility or lower growth of ads that cause equity holders to
underinvest (delay investment) as a way to mitigaeeproblem of unfavourably priced
debt. This result is consistent with recent enspirfindings of Ascioglu et. (2008) that
shows that firms facing higher information asymmetill invest less and rely more on

internal capital to fund investment.

Equity holders choice of volatility with debt haldesticky beliefs

In this section our model allows equity holdersctmose the optimal level of volatility

before and after the investment option is exerciseccontrast to Leland (1994), who

studies asset substitution and agency issuesjtisrassumed that each volatility level is

15



truthfully communicated between equity and debtka prior to the investment, so that
debt holders choose the appropriate coupon [evalgithin this framework, we
investigate two cases: In the first case, volgtitihoices under common beliefs between
equity holders and debt holders is investigatedthie second case, debt holders have
differential beliefs about the volatility that méainaffects their estimate of default
probability. In this latter case the degree of afiintiation and stickyness to early
volatility levels proves to be important.

Panel A of table Il presents numerical resultstfa case where equity holders
can choose (or affect) the volatility level befameestment, ranging from a low volatility

(Tperore= 01) to @ high volatile project dee=04)°. At the time of investment, the

equity holders can choose to switch to a diffemgsk profile, irrespective of the initial

choice, also ranging between a low volatility ., =01) and a high volatility
(oaner = 04) alternative. This setting may reflect situatioofs start-up firms, or new

projects where firms may engage in risky R&D andrméng activities to explore
alternative potentials (like in Childs and Triantl®999). In our setting, the firm may
revert to a more “normal” volatility level after ébe initial highly uncertain R&D

investments take place.

[Insert table Il here]

2 This may be the case for bank loans, where batksine equity holders to verify the type of asseéey
have invested in.

® Despite having performed the analysis with maese volatility choices, we only present the resinlt
increments of 0.1 to preserve space.
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Our results show that, for a given volatility pritw investment, firm value is
maximized by selecting a low post-investment vbtgtof assets. A low post-investment
volatility increases debt value, leverage ratiosl aaxpected tax benefits (net of
bankruptcy costs). At lower post-investment voigtil the firm invests earlier and
defaults at a higher default trigger. Nevertheldbs, higher default trigger does not
reflect a higher bankruptcy risk, as seen by theelocredit spreads and the lower
bankruptcy costs. High post-investment volatilitgrieases equity value, like in Leland

(1994). However, since the option holder recei&g, ) — (1 — D(V,)) and since the debt

value decreases substantially, it is not optimalei@ct a high post-investment volatility.
The firm would rather commit to low post-investmewnlatility levels, so as to increase
debt levels and the tax benefits of debt. Theselteare consistent with Leland (1998)
(see discussion in p.1234) regarding the benefithedlging, i.e., reducing volatility.
Leland (1998) shows that the benefits of hedging lba higher leverage, greater tax
benefits and lower bankruptcy costs. Similar to mesults, Leland (1998) shows that,
despite higher leverage, credit spreads are lotMemer volatility levels.

High volatility prior to investment increases firfoption) value consistently with
the real options literature. A high volatility cleei prior to investment increases the
option value on unlevered assets, but may dectbasexpected tax benefits of debt (net
of bankruptcy costs). In summary, with common bgjiene observes that firm value is

maximized at the highest pre-investment volatiligy,.,.=04) and the lower post-
investment volatility ¢4, = 0.1).

In panel B, the results where debt holders haveeréifit beliefs from equity

holders about volatility that affects their percept of default probability are
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demonstratet! It is now assumed that debt holders have stickliefs about the
volatility, by maintaining the belief about volatyl levels that exists prior to investment.
As can be seen in the results, under this scerntaigono longer the case that equity
holders will always select the lower post-investimealatility. This is because it is
beneficial for equity holders to switch to highexatility levels at the investment trigger,
since they can raise more debt at relatively logt ¢low credit spreads). There is a subtle
difference between this result and the “asset guben” result, e.g., Leland (1998). In
our case, the low cost debt is caused by the ddters’ (suboptimal) stickyness on their
original pre-investment volatility regarding theopability to default. Additionally, this
analysis demonstrates that, with debt holders lgastitky beliefs, it may now be less
attractive for equity holders to choose a high ipxestment volatility and this will

depend on the degree of lenders’ stickiness.

V. Summary

In this paper we consider differential beliefs bet¢w debt and equity holders,
with respect to the volatility or the growth rateasset value. It is shown that when the
debt holders’ perceived estimate of the volatildgly assets is higher or when their
perceived estimate of the growth rate of asselswsr than that of equity holders, then,
equity holders will optimally reduce leverage arglay investment and default. With
unfavorable beliefs by debt holders credit spreausease except for very high

deviations in beliefs where credit spreads decrbasause of the low leverage used.

* We maintain the assumption that the default triggehosen by equity holders and that this is kmawd
used by debt holders in deciding the level of dilaincing.

18



Finally, a model of equity holders’ choice of vality before and after the
investment option is developed. Under common beleftween equity and debt holders,
equity holders will optimally choose to engageisky projects before investment, so as
to increase option value. After investment, equinbjders will optimally choose a low
volatility in order to increase the debt raised dhd tax benefits of debt. In the case
where debt holders have sticky beliefs about tHatNity, based on the pre-investment
levels, equity holders may be less motivated tameskdigh volatility strategies before the
exercise of the investment option, because thispsé-commit to a costly debt issue. At
the point of investment, however, they may choosmderease risk as much as possible,

given the debt holders’ beliefs are fixed to preestment levels.
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Tablel (a): Differential information between debt and equity holderswith respect to

volatility
Optimal Capital Structure at Investment Trigyer
Firm Inv. Trigger Bankruptcy Credit
value (V) Trigger (Vg) Equity Debt Leverage @ CouponSpread
Base
(o(6)=0(d)=0.25 35.42 171.57 57.92 74.82 127.94 0.63 10.84 0.0247
o(d) =0.1 71.81 119.89 72.72 18.39 184.34 0.91 13.61013B
o(d) =0.15 52.88 140.02 71.54 33.21 169.53 0.84 13.39.0190
o(d) =0.2 42.03 157.33 66.68 51.85 150.92 0.74 12.48.027
o(d) =0.3 31.34 182.54 46.16 101.39 101.37 0.50 8.64.0292
o(d) =0.35 28.87 190.32 33.66 128.48 74.29 0.37 6.30.0243
o(d) =0.4 27.41 195.38 22.81 152.02 50.75 0.25 4.27 0241

Table | (b): Differential information between debt and equity holders with respect

to growth
Optimal Capital Structure at Investment Trigger
Firm Inv. Trigger Bankruptcy Credit
value (V) Trigger g) Equity Debt Leverage CouponSpread
Base
(6(e)=0(d)=0.06) 35.42 171.57 57.92 74.82 127.94 0.63 10.84 0.0247
J(d) =0 53.93 138.64 71.75 31.99 170.76 0.84 13.43 18®0
6(d) =0.02 46.58 149.32 69.51 42.32 160.43 0.79 13.0D.0211
6(d) =0.04 40.31 160.67 65.08 56.47 146.27 0.72 12.18.0233
o(d) =0.08 31.92 180.87 48.35 96.60 106.17 0.52 9.05 .0292
6(d) =0.10 29.57 188.00 37.83 119.47 83.30 0.41 7.08 .0259D
6(d) =0.12 28.07 193.02 28.16 140.37 62.39 0.31 5.27 .024%

Base case used for all models: value of unlevessdta/ =100, risk-free rate = 0.06, opportunity cost = 0.06, volatilitysc = 0.25, investment cost=
100, bankruptcy costs= 0.5 and tax rate= 0.35.Equity, debt, optimal leverage, optimal coupand the credit spread are calculated at the timess

trigger. Sensitivity analysis is with respect tdoteolders perceived estimate of volatiktyd) (panel a) or the opportunity cas{d) (panel b). A higher
estimate ob (d) implies a lower growth rate of the unlevered assets
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Tablell: Firm value when equity holders can choose pre- and post- investment volatility

Panel A: Common information about volatility levels
Unlevered Expected Expected Bankruptcy Optimal Capital Structureat Investment Trigger V,
Opefore Oatter Firm value Firm Value Tax Benefits Bankr. Costs Inv. Trigger (V) Trigger (V) Equity Debt Leverage Coupon  Credit Spread
0.10 28.70 3.28 28.90 3.48 103.81 54.84 33.38 99.96 0.75 6.75 0.0075
0.10 0.20 22.26 7.09 19.17 4.01 110.62 42.17 45.30 88.03 0.66 6.88 0.0182
0.30 19.37 8.45 15.04 4.12 114.54 34.90 52.30 81.03 0.61 7.47 0.0322
0.40 17.79 9.07 12.83 4.12 117.01 30.33 56.90 76.44 0.57 8.40 0.0499
0.10 36.80 18.04 21.33 2.57 137.64 72.72 44.26 132.53 0.75 8.95 0.0075
0.20 0.20 31.78 19.32 15.76 3.29 146.65 55.90 60.06 116.69 0.66 9.12 0.0182
0.30 29.34 19.81 13.11 3.59 151.84 46.25 69.35 107.40 0.61 9.90 0.0322
0.40 27.93 20.06 11.60 3.72 155.11 40.19 75.45 101.30 0.57 11.13 0.0499
0.10 46.67 28.50 20.66 2.49 180.56 95.39 58.06 173.85 0.75 11.74 0.0075
0.30 0.20 41.74 29.24 15.80 3.31 192.40 73.36 78.76 153.13 0.66 11.97 0.0182
0.30 39.26 29.53 13.40 3.67 199.19 60.69 90.96 140.91 0.61 12.99 0.0322
0.40 37.82 29.67 11.99 3.85 203.47 52.72 98.98 132.89 0.57 14.60 0.0499
0.10 56.03 37.42 21.16 2.55 233.53 123.34 75.13 224.81 0.75 15.18 0.0075
0.40 0.20 50.93 37.92 16.45 3.44 248.89 94.87 101.92 198.06 0.66 15.48 0.0182
0.30 48.34 38.12 14.08 3.85 257.72 78.54 117.68 182.33 0.61 16.81 0.0322
0.40 46.82 38.22 12.67 4.07 263.24 68.21 128.05 171.93 0.57 18.89 0.0499
Panel B: Differential beliefs between equity and debt holders about volatility at the investment trigger
0.10 26.90 16.97 11.70 1.77 157.68 47.86 94.31 82.46 0.47 5.89 0.0114
0.20 0.20 31.78 19.32 15.76 3.29 146.65 55.90 60.06 116.69 0.66 9.12 0.0182
0.30 44.73 31.87 18.82 5.96 126.42 57.33 34.99 141.74 0.80 12.27 0.0266
0.40 68.41 55.07 22.27 8.92 105.14 51.17 23.02 153.75 0.87 14.17 0.0322
0.10 32.94 27.38 6.84 1.27 220.09 38.35 169.02 62.85 0.27 4.72 0.0151
0.30 0.20 34.32 26.48 9.57 1.74 215.06 44.31 141.08 90.82 0.39 7.23 0.0196
0.30 39.26 29.53 13.40 3.67 199.19 60.69 90.96 140.91 0.61 12.99 0.0322
0.40 49.73 40.21 15.44 5.93 174.13 65.79 57.63 174.22 0.75 18.22 0.0446

Parameter values are: value of unlevered a¥sefd0, risk-free rate = 0.06, opportunity cost = 0.06, investment cost= 100, bankruptcy costs= 0.5 and tax rate = 0.35. Equity, debt, optimal
leverage, optimal coupons and the credit spreadadcellated at the investment trigger. Sensitigityalysis is with respect to volatility of unleveraskets before and after the investment. In Fre

investment trigger, differential beliefs exist besa debt holders have sticky beliefs andassge, while equity holders useer. Firm Value (column 3) equals unlevered firm valoelumn 4) plus the
expected tax benefits (column 5) minus the expldstakruptcy costs (column 6). Calculations arénéefin equations 11-15.



