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The Cog of Distress: Survival, Truncation Risk and Valuation

Traditiond valuaion techniques- both DCF and relative - short change the effects of
finanda distress on vaue In mog vauaions we ignote distress entirely and make
implicit assumptions tha are often unrealistic about the consquences of a firm beng
unable to meet itsfinandal obligaions Even thos valuaionsthat purport to consder the
effect of distress do so incompletely. In this pgoer, we begin by considering how distress
is dealt with in traditiond discounied cash flow modds, and when these modds value
distress correctly. We then look at ways in which we can incorporate the effects of
distress into value in discounted cashflow modds. We condude by looking at the effect
of distress on relative valuaions and ways of incorporating its effect into relative value



In both discounted cash flow and relative valuaion, we implicitly assume that the
firms tha we are valuing are going concerns and tha any finandal distress tha they are
exposd to istemporary. After adl, asignificant chunkof valuein every discounied cash
flow valuation comes from thetermind value, usudly well in the future. But wha if the
distress is not temporary and there is a very real chance tha the firm will not survive to
get to the termind value? In this pgper, we will arguetha we tend to over value firms
such as these in traditiond vauaion modds, largely because is difficult to capture fully
the effect of such distress in the expected cash flows and the discountrate. The degree to
which traditiond valuaion modds misvalue distressed firms will vary, depending upon
the care with which expected cash flows are estimated, the ease with which these firms
can access externd capital market and the consequences of distress.

In this pgoer, we will begin by looking a the undelying assumptions of
discounied cash flow vauaion, why DCF modds do not explicitly consider the
possibility of distress and when andysts can get away with ignoling distress. We will
follow up by consdering ways in which we can adjug discountd cashflow modds to
explicitly allow for the possibility of distress. In the next pat of the paper, we consder
how distress is consdered (or as is more often, ignored) in relative valuaion and ways of
adjuging multiples for the possibility of failure. We will close the pape by looking at
why equity in deeply distressed firms may continue to have value because of the limited
liability feature of publicly traded equity.

The Possibility and Consequences of Financial Distress

Growth is not inevitable and firms may not remain as going concerns. In fact,
even large publicly traded firms sometimes become distressed for onereason or the other
and the consequences for value can be serious In this section, we will consider first how
common it is for firms to become distressed and follow up by looking at the

consequences of distress.

The Possibility of Distress
Finanda distressis far more common in therea world tha mog of us assume it

to be In fact, even casud empirical observation suggests tha a very large number of



firms, especidly smaller and highe growth, will not survive and will go out of busness.
Some will fail because they borow money to fundther opeaationsand then are unable to
make these debt payments. Othe will fail because they do not have the cash to cover
thar opeating needs

To g& a measure at the probability of distress, we have to begin by defining
distress. If we defineit as companies tha enter chapter 11, relatively few publicly traded
firms at any point in time can be consdered distressed. If we define it more broadly as
firms tha are having trouble making interest payments and meeting other contractud
commitments, distress is much more common. Kahl (2001) examined all publicly traded
firms in the US between 1980 and 1983 and found tha 1346 firms had trouble making
thar interest expenses from opeaating income in at least one year and that 151 firms
could be considered distressed, in the sense tha they were renegotiating with lendes to
restructure debt.! Following up on these firms, hefindstha while lessthan a hdf of these
firms declare chepter 11, only a third of these firms survive as indgpendent companies
andthat therest either get either acquired or liquidated.

The Consequences of Distress

Wha are the consequences of finandal fallure? Firms that are unale to make
thar debt payments have to liquidae thar assets, often at bargan basement prices, and
use the cash to pay off debt. If thereisany cash left over, which ishighly unlikely, it will
be pad out to equity investors. Firms that are unable to make ther opeating payments
also have to offer themselves to the highest bidde, and the proceedswill bedistributed to
the equity investors. In effect, these Qiquidaion cogsOcan be conddered the direct costs
of bankruptcy.

In fact, the cods of distress stretch far beyond the conventiond cods of
bankruptcy and liquidaion. The perception of distress can do seriousdamage to a firm@
opeaations as employees, cugomers, suppliers and lendes react. Firms tha are viewed as
distressed lose cusomers (and sales), have highe employee turnove and have to accept
much tighter restrictions from suppliers than healthy firms. These indirect bankruptcy

1Kahl, M., 2001, Finandal Distress as a Selection Mechanism, SSRN Working Paper.



cods can be catastrophic for many firms and essentially make the perception of distress
into a reality. The magnitude of these cods has been examined in studies and can range
from 10-25%of firm value?

In summary, then, the possibility and cods of distress are far to subdantia to be
ignored in valuaion. The question then becomes not whether we should adjust firm value
for thepotential for distress but how best to make this adjusment.

Discounted Cash flow Valuation

Congde how we value a firm in a discounied cash flow world. We begin by
projecting expected cash flows for a period, we estimate atermind vaue at theend of the
period tha captures wha we bdieve the firm will be worth at tha point in time and we
then discountthe cash flows back at a discountrate that reflects the riskiness of thefirmG@
cash flows. This approach is an extraordinaily flexible oneand can be stretched to value
firms ranging from thos with predictable earnings and little growth to those in high
growth with negative earningsand cash flows. Implicit in this approach, though, is the
assumption that a firm is a going conaern, with potentially an infinite life. The termind
value is usudly estimated by assuming tha earnings grow at a condant rate forever (a
perpetud growth rate). Even when the termind vaue is estimated usng a multiple of
revenues or earnings this multiple is derived by looking at publicly traded firms (usudly
healthy ones)..

Distress in Discounted Cashflow Valuation

Given the likelihood and consequences of distress, it seems foolhardy to assume
tha we can ignore this possibility when valuing a firm, and paticularly so, when we are
valuing firms in poor health and with subdantia debt obligaions So, wha you might
wonde, are the arguments offered by proponents of discounted cash flow valuaion for

not explicitly congdering the possibility of firms failing? We will consder five reasons

2 For an examination of the theory behind indirect bankruptcy costs, see Opler, T. and S. Titman, 1994,
Financial Distress and Corporate Performance. Journal of Finance 49, 1015-1040. For an estimate on how
large these indirect bankruptcy costs are in the real world, see Andrade, G. and S. Kaplan, 1998, How
Costly is Financia (not Economic) Distress? Evidence from Highly Leveraged Transactions that Become
Distressed. Journa of Finance. 53, 1443-1493. They look a highly levered transactions that subsequently
became distressed snd conclude that the magnitude of these costs ranges from 10% to 23% of firm value.



often provided by for this oversight The first two reasons are offered by anaysts who
bdieve tha there is no need to consder distress explicitly, and the last three reasonsby
those who bdieve tha discounted cashflow valuaions already incorporate the effect of
distress.
1. Wevalueonly large publicly traded firms anddistressis very unlikely for these firms.

It istruetha thelikelihoodof distressis lower for larger, more established firms,
but experience suggests tha even these firms can become distressed. Thelast few months
of 2001 saw the astonishing demise of Enron, a firm that had a market capitalization in
excess of $ 70 billion jug a few months previously At the end of 2001, andysts were
openly discussing the possibility tha large firms like Kmart and Lucent Technologies
would be unéble to make their debt payments and may have to declare bankruptcy. In
2006,the same talk could be heard abou GM and Delta Airlines. The other problem with
thisargument, even if we accept the premise, istha smaller, high growth firms are traded
and need to be valued jus as much as larger firms. In fact, we could arguetha the need
for vauation is greater for smaller firms, where the unaertainty and the possibility of
pricing errors are greater.
2. We assume that access to capital is uncongrained

In valuation, as in much of corporate finance, we assume tha a firm with good
investments has access to capital markets and can raise the fundsit needs to meet its
finanang and investment needs. Thus firms with great growth potentia will never be
forced out of busness because they will be able to raise capita (more likely equity than
debt) to keep going. In buoyant and developed finanda markets, this assumption is not
ouflandish. Congder, for indance, the ease with which new econony companies with
negative earningsand few if any assets were able to raise new equity in the late 1990s
However, even in a market as open and accessible as the United States, access to capital
dried up as investors drew back in 2000and 2001. In summary, then, we may have been
able to get away with the assumption tha firms with valuable assets will not be forced
into adistress sale in 1998and 1999, but tha assumption would have been untenable in
2001.
3. We adjud thediscountrate for the possibility of distress



The discountrate is the vehicle we use to adjud for risk in discounted cash flow
valuation. Riskier firms have highe cods of equity, highe cods of debt and usudly have
highe cods of capital than safer firms. A reasonable extengon of this argument would be
tha a firm with a greater possibility of distress should have a higher cos of capital and
thusa lower firm value The argument has merit up to a point. The cost of capital for a
distressed firm, estimated correctly, should be higher than the cog of capital for a safer
firm. If the distress is caused by high finanaa leverage, the cog of equity should be
much highe. Since the cod of debt is based uponcurrent borrowing rates, it should also
climb as the firm becomes more exposed to therisk of bankruptcy and the effect will be
exacerbaed if the tax advantage of borowing aso dissipates (as a result of opeating
losses). Ultimately though, the adjugment to value that results from udng a highe
discount rate is only a patia one The firm is still assumed to generate cash flows in
perpetuity, thoughthe present valueis lower. A significant portion of the firm@ current
value still comes from the termind value In other words, the biggest risk of distress tha
istheloss of al future cash flowsis notadequaely captured in value
4. We adjug the expected cash flows for the possibility of distress

To better undestand this adjugment, it is worth reviewing wha the expected cash
flows in a discounted cash flow valuaion are suppo®d to measure. The expected cash
flow in a year should be the probability-weighted estimate of the cash flows under all
scenaiosfor thefirm, ranging fromthe best to theworst case. In other words if theeisa
30% chance tha a firm will not survive the next year, the expected cash flow should
reflect both this probability and the resulting cash flow. In practice, we tend to be far
doppier in our estimation of expected cash flows. In fact, it is not unadmmon to use an
exogenousestimate of the expected growth rate (from andyst estimates) on the current
year( earningsor revenues to generate future values. Alterndively, we often map out an
optimistic pah to profitability for unprofitable firms and use this path as the basis for
estimating expected cash flows. We could estimate the expected cash flows unde al
scenaios and use the expected values in our valudion. Thus the expected cash flows
would be much lower for a firm with a significant probability of distress. Note, though,
tha contrary to conventiond wisdom, thisis notarisk adjugment. We are doing what we
should have been doing in the first place and estimating the expected cash flows



correctly. If we wanted to risk-adjus the cash flows, we would have to adjug the
expected cash flows even further downwards usng a certainty equivaent. If we do this,
though,thediscountrate used would have to be the riskfree rate and not the risk-adjusted
cog of capital. Asa practica matter, it is very difficult to adjug expected cash flows for
thepossibility of distress. Not only dowe need to estimate the probability of distress each
year, we have to keep track of the cumulative probability of distress as well. This is
because a firm that becomes distressed in year 3 loses its cash flows not jud in tha year
butalso in all subequent years.

5. We assunme that even in distress, the firm will be able to receive the present value of
expected cash flows fromits assets asproceeds fromthe sale.

The problem with distress, from a DCF standpont, is not tha the firm ceases to
exist but tha al cash flows beyond tha point in time are log. Thus a firm with great
produds and potentially a hugemarket may never see this promise converted into cash
flows because it goes bankrupt early inits life. If we assume tha this firm can sell itself
to thehighest bidde for adistress sale valuethat is equd to the present value of expected
future cash flows, however, distress does not have to be consdered explicitly. Thisisa
daunting assumption because we are not only assuming tha a firm in distress has the
barganing power to demand fair market value for its assets, but we are also assuming
tha it can do this not only with assets in place (investments it has aready made and
produdsthat it has produed) but with growth assets (produdsthat it may have been able
to produee in thefuture).

In summary, the failure to explicitly consder distress in discounted cash flow
valuaionwill nothave amaterial impact in valueif any thefollowing conditionshold:

1. There is no posibility of bankruptcy, either because of the firm@ size and

standing or because of a government guaantee.

3 A certainty equivalent cashflow replaces an uncertain cash flow with an equivaent
riskless cashflow. Thus an expected cashflow of $ 125 million will be replaced by a
riskless cashflow of $ 100 million. The more uncertain the cash flow, the greater the
downward adjugment.



2. Easy access to capital markets allows firms with good investments to raise
debt or equity capital to sudain themselves throughbad times, thusensuring
tha these firmswill never beforced into adistress sale.

3. We use expected cash flows tha incorporate the likelihood of distress and a
discount rate that is adjused for the highe risk assodated with distress. In
addition, we have to assume tha the firm will receive sale proceeds tha are
equd to the present value of expected future cash flows as a going concern in
theevent of adistress sde.

If these conditionsdo not hold, and it is easy to make an argument tha they will not for
some firms at some points in time, discounted cash flow valuaionswill overstate firm

vaue

Adapting Discounted Cash flow Valuation to Distress Situations

When will thefailure to consder distress in discounted cash flow valuaion have a
material impact on value? If the likelihood of distress is high, access to capital is
condrained (by internd or externd factors) and distress sale proceeds are significantly
lower than going concern values, discounted cash flow valuaionswill overstate firm and
equity value for distressed firms, even if the cash flows and the discount rates are
correctly estimated. In this section, we will consder severa ways of incorporating the
effects of distress into the estimated value

Simulations

In traditiond vauaion, we estimate expected values for each of the input
variables. For indance, in valuing a firm, we may assume an expected growth rate in
revenues of 30% a year and that the expected opeaating margin will be 10% In redlity,
each of these variables has a distribution of values, which we condense into an expected
value Simulationsattempt to utilize theinformation in the entire distribution, rather than
jug the expected value to arrive at a value By looking at the entire distribution,
simulationsprovide uswith an oppotunity to deal explicitly with distress.

Before we begin running the smulations we will have to decide the
circumstances which will constitute distress and what will happen in the event of distress.



For example, we may determinetha cumulative operating losses of more than $ 1 billion
ove three years will push the firm into distress and that it will sell its assets for 25% of
book value in tha event. The paameters for distress will vary not only across firms,
based uponthar size and asset characteristics, but dso on the state of finanda markets
and the overall econony. A firm tha has three bad yearsin arow in a healthy econony
with rising equity markets may be less exposd to default than a similar firm in the
middle of arecession. Thestepsin thesmulation are as follows:
Sep 1: Thefirst step involves choosng those variables whos expected values will be
replaced by distributions While there may be uncertainty assodated with every variable
in valuaion, only the mog critical variables might be chosen at this stage For ingance,
revenue growth and opeating margins may be the key variables tha we choo to build
distributionsfor.
Sep 2: We choo= a probability distribution for each of thevariables. There are anunmber
of choices here, ranging from discrete probability distributions(probabilities are assigned
to specific outcomes) to continuousdistributions (the normal, lognomal or exponentia
distribution). In making this choice, thefollowing factors should be consdered:
¥ The range of feasible outcomes for the variable; (e.g., the revenues cannot be less
than zero, ruling out any distribution tha requires the variable to take on large
negative values, such asthenomal distribution).
¥ Theexperience of the company onthis variable. Data on avariable, such as opeating
margins historicaly, may hdp us deermine the type of distribution tha best
describesiit.
While no distribution will provide a perfect fit, the distribution tha best fits the data
should beused.
Sep 3: Next, the parameters of the distribution chosen for each variable are estimated.
The number of parameters will vary from distribution to distribution; for ingance, the
mean and the variance have to be estimated for thenomal distribution, while the uniform
distribution requires estimates of the minimum and maximum values for thevariable.

1C



Siep 4. One outcome is drawn from each distribution; the variable is assumed to take on
tha value for that paticular smulation. To make the andysis richer, we can repesat this
process each year and allow for correlation across variables and across time.#
Sep 5: Theexpected cash flows are estimated based uponthe outcomes drawn in step 4.
If the firm meets the criteria for a going concern, defined before the simulation, we will
then discountthe cash flows to arrive at a conventiond estimate of discountd cash flow
value If it failsto meet thecriteria, we will valueit as adistressed firm.
Siep 6: Steps 4 and 5 are repeated until a sufficient number of simulations have been
conduded. In genera, the more complex the distribution (in terms of the number of
values the variable can take on and the nunmber of paameters needed to define the
distribution) and the greater the number of variables, thelarger this number will be
Siep 7: Each smulation will generate avalue going concern or distressed as the case may
be for thefirm. Theaverageacross al smulated values will bethevalue of thefirm. We
should also be able to assess the probability of default from the ssmulation and the effect
of distress on value

The primary limitation of simulation analysis is the information tha is required
for it to work. In practice, it is difficult to choo% both theright distribution to describe a
variable and the parameters of tha distribution. When these choices are made carelessy
or randonly, the output from the simulation may look impressive but actudly conveys no

valuable information.

Modified Discounted Cash flow Valuation

We can adapt discounied cash flow vauaion to reflect some or mog of the
effects of distress on value To do this, we will to bring in the effects of distress into both
expected cash flows and discountrates.
1. Estimating Expected Cash flows: To congder the effects of distress into a discounied

cash flow valudion, we have to incorporate the probability tha a firm will not survive

4 For example, you may increase the likelihood of the earningsbeang low if the earnings
in previousyears were low and the likelihood of negdive marginsif revenue growth is

low.
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12
into the expected cash flows. In its mog complete form, this would require tha we
consde all posible scenarios ranging from the mog optimistic to the most pessmistic,
assign probabilities to each scenario and cash flows unde each scenario, and estimate the

expected cash flows each year.
j=n
Expected cash flow = # " i« (Cashflow ;)

=
where ! is the probability of scenario j in period t and Cashflow, is the cashflow unde
tha scenario and in tha peiod. These inputs have to be estimated each year, since the
probabilities and the cash flows are likely to change from year to year.

A shortcut, albat an approximate one would require estimates for only two
scenaios B the going concern scenario and the distress scenario. For the going concern
scenaio, we could use the expected growth rates and cash flows estimated unde the
assumption tha the firm will be nursed back to hedth. Unde the distress scenario, we
would assume tha the firm will beliquidated for its distress sale proceeds. Our expected
cash flow for each year then would be

Expected cash flow=(Cashflow; concernt) * + (Cashflowy g ees ) * @# "

Going concernt Going concernt)

where ! hing concem, « 1S the cumulative probability tha the firm will continue as a going
concern throughperiod t. The probabilities of distress will have to be estimated for each
year and the cumulative probability of surviving as a going concern can then be written
asfollows:

n=t
Cumulative probability of survival periodt= ", =$ @#" distressn)

n=1
where ! 44 ¢ 1S the probability tha the firm will become distressed in period t. For
example, if afirm has 20% chance of distressin year 1 and a 10% chance of distress in
year 2, the cumulative probability of surviving as a going concern over two years can be
written as:

Cumulative probability of survival over 2 years = (1- .20) (1-.10) =.720r 72%

2. Estimating Discount Rates: In conventiond valuaion, we often estimate the cost of

equity usng aregression beta and the cos of debt by looking at the market interest rates
on publicly traded bondsissued by the firm. For firms with a significant probability of



distress, these approaches can lead to incongstent estimates. Consder first the use of
regression betas. Since regression betas are based uponpast prices over longperiods(two
to five years, for ingance), and distress occurs ove shorter peiods we will find that
these betas will undestate the truerisk in the distressed firm.> With the interest rates on
corporate bonds we runinto a different problem. Theyieldsto maturity on the corporate
bondsof firms tha are viewed as distressed reach extremely high levels, largdy because
theinterest rates are computed based uponpromised cash flows (couponsand face value)
rather than expected cash flows. The presumptionin a going conaern valuaionisthat the
promised cash flows have to be made for the firm to remain a going concern, and it is
thusapproprate to base the cog of debt on promised rather than expected cash flows. For
afirm with asignificant likelihoodof distress, this presumptionis clearly unfoundel.
Wha are the estimation choices for distressed firms? To estimate the cos of
equity, we have two options tha provide more reasonale estimates than regression
beas:
a. CAPM Betas adjuged for distress: Ingead of usng regression betas, we could
use the bottom-up unlevered beta (the weighted average of unlevered betas of the
busnesses tha thefirm opeaates in) and the current market debt to equity ratio of
the firm. Since distressed firms often have high debt to equity ratios brought
aboutlargdy as a consequence of dropgng stock prices, this will lead to levered
betas tha are significantly highe than regression betas’. If we couple thiswith the
reality tha mog distressed firms are in no postion to get any tax advantages from
debt, thelevered betawill become even highe.
Levered bea = Bottom-up Unlevered bea (1 + (1- tax rate) (Debt to Equity
ratio))

5 As an extreme example, congder estimating a beta for Enron at the end of 2001.The
beta estimate from Bloomberg, usng 2 years of daa, was 1.45. Over three-quaters of
this period, Enron was viewed (rightly or wrongly) as a hedlthy firm with postive
earnings It is only in the last pat of the regression period tha you see the effects of
distress on stock prices and the debt to equity ratio of thefirm.

6 For more on bottom-up betas, refer to Damodaran (2000)
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Note, though,that it isreasonable to re-estimate debt to equity ratiosand tax rates
for future years based uponour expectationsfor the firm and adjud the beta to
reflect these changes.”
b. Distress factor Modds: In addition to the standard factor for market risk, we
could add a separate distress factor to the cos of equity. In effect, this would
make the cog of equity for distressed firms much highe than healthy firmsin the
same busness. In fact, some have attributed the highe returns tha Fama and
French (1992) show are earned by firms with low price to bookratiosto distress,
low price to book stocks, they argue are more likely to be distressed.®2 Othe
studies, however, contest this notion by noting that portfolios of distressed firms
have earned lower returnsthan portfoliosof healthy firms historically.®
To estimate the cog of debt for a distressed firm, we would recommend usng theinterest
rate based uponthe firm@ bondrating. While this will still yield a high cost of debt, it
will be more reasonable than theyield to maturity when default is viewed as imminent.10
To compute the cog of capital, we need to estimate the weights on debt on equity. In the
initial year, we should use the current market debt to capita ratio (which may be very
high for a distressed firm). As we make our forecasts for future years and build in our
expectations of improvements in profitability, we should adjust the debt ratio towards

7 There are other variations on this leverage adjugment. Some andysts, for indance,
prefer a more complete version tha allows debt to carry systematic risk and have a beta.
Others prefer to eiminae the tax adjugment. Still others argue for othe ways of
adjuding betas for distressrisk.

8 Fama, Eugene F, and Kenneth R. French, 1992, The cross section of expected stock returns, Journal of
Finance, 47, 427-465. The argument that the return premium earned by low price to book stocks is due to
distressis contested in other studies.

9 Dichev llya D., 1998 Is the Risk of Bankruptcy a Systematic Risk ? Journal of
Finanae, 53,11311147 Campbell, J.Y., J. Hilscher and J. Szilagyi, 2005, In Search of Distress Risk,
SSRN Working Paper.

10 The yields to maturity on bonds issued by companies where there is a significant
probability of distress will be stratogpheic, because they are based upon the promised
cash flows onthebond rather than expected cashflows.
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more reasonable levels. The conventiond practice of usng target debt ratiosfor theentire
valuaion period (which reflect indugry averages or the optimal mix) can lead to
misleading estimates of valuefor firms that are significantly over levered.

Limitationsof Approach

The biggest roadblock to usng this approach is tha even in its limited form, it is
difficult to estimate the cumulative probabilities of distress (and survival) each year for
the forecast period. Conequently, the expected cash flows may not incorporate the
effects of distress completely. In addition, it is difficult to bring both the going concern
and the distressed firm assumptionsinto the same modd. We attempt to do so using
probabilities, but the two approaches make different and sometimes contradictory

assumptionsabouthow markets opeaate and how distressed firms evolve over time.

Dealing with Distress Separately

An aternaive to the modified discounted cash flow modd presented in the last
section is to separate the going conaern assumptionsand the value tha emerges from it
from the effects of distress. To value the effects of distress, we estimate the cumulative
probability tha thefirm will become distressed over theforecast period, and the proceeds
tha we estimate we will ge&t from the distress sale. The value of the firm can then be
written as:

Firm Vaue= Goingconernvaue* (1-! piyes )t Distresssalevaue* ! pigres

where ! e 1S the cumulative probability of distress over the valuaion peiod. In
addition to making valuation simpler, it also alows us to make consstent assumptions
within each valuaion.

You may wonde about the differences between this approach and the far more
conventiond one of estimating liquidaion value for deeply distressed firms. You can
congder the distress sale value to be a version of liquidaion value, and if you assume
tha the probability of distressis one thefirm valuewill, in fact, convege on liquidaion
value The advantage of this approach is that it alows usto consder the possibility tha

even distressed firms have a chance (albat small) of becoming going concerns
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Going Concern DCF

To value a firm as a going concern, we consde only those scenarios where the
firm survives. The expected cash flow is estimated only across these scenarios and thus
should be highe than the expected cash flow estimated in the modified discountd cash
flow modd. When estimating discount rates, we make the assumption that debt ratios
will, in fact, decrease over time, if thefirm is over levered, and that the firm will derive
tax benefits from debt as it turns the corne on profitability. This is congstent with the
assumption tha the firm will remain a going concern. Mog discounted cash flow
valuaionstha we oberve in practice are going concern valuaions thoughthey may not
come with thetag attached.

A less precise abet easer dternaive is to value the company as if it were a
healthy company today. This would require estimating the cashflows that the firm would
have geneated if it were a healthy firm, atask mog easily accomplished by replacing the
firm® opeating margin by the average operating margin of healthy firms in the business.
The cog of capital for the distressed firm can be set to the average cos of capital for the
indudry and thevalue of thefirm can be computed. Thedange with this approach isthat
it will overstate firm value by assuming tha thereturn to finandal health is both panless

and imminent.

Estimating the Probability of Distress

A key input to this approach is the estimate of the cumulative probability of
distress over the valuaion period. In this section, we will consder three ways in which
we can estimate this probability. Thefirst is a statistical approach, where we relate the
probability of distress to a firm@ observable characteristics D firm size, leverage and
profitability, for indance B by contrasting firms tha have gonebankrupt in prior years
with firms tha did not. The second is a less daa intengve approach, where we use the
bond rating for a firm, and the empirical default rates of firms in tha rating class to
estimate the probability of distress. The third is to use the prices of corporate bonds
issued by thefirm to back out the probability of distress.
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a. Sttistical Approaches

The fact tha hundeds of firms go bankrupt every year provides us with arich
database tha can be examined to evaluae both why bankruptcy occurs and how to
predict the likelihood of future bankruptcy. One of the earliest studies tha used this
approach was by Altman (1968) where heused linear discriminant andysisto arrive a a
measure tha he called the Z score. In this first pgoer, tha he has since updded severad
times, theZ score was afundion of fiveratios
Z = 0.012 (Working capital/ Total Assets) + 0.014 (Retained Earningd Total Assets) +
0.033 (EBIT/ Total Assets) + 0.006 (Market value of equity/ Book value of total
liabilities) + 0.999 (Sales/ Total Assets)
Altman argued that we could compute the Z scores for firms and use them to forecast
which firms would go bankrupt, and he provided evidence to back up his claim. Since his
study, both academics and practitionas have devel oped thar own versionsof these credit
scores. 11

Notwithganding its usefulness in predicting bankruptcy, linear discriminant
andysis does not provide a probability of bankruptcy. To arrive at such an estimate, we
use a close variant B a probit. In a probit, we begin with the same data that was used in
linear discriminant andysis, a sample of firms tha survived a specific period and firms
tha did not We develop an indicator variable that takes on a value of zero or one as
follows:
Distress Dummy =0 foranyfirmtha survived the period

=1 foranyfirmtha went bankruptduring the period

We then consde information that would have been available a the beginning of the
period tha may have allowed us to sepaate the firms tha went bankrupt from the firms
tha did not For ingance, we could look at the debt to capital ratios cash bdances and
opeaating margins of al of thefirms in the sasmple at the start of the period Bwe would
expect firms with high debt to capita ratios low cash bdances and negaive margins to
be more likely to go bankrupt Findly, usng the dunmy variable as our dependent

11 Altman, E.l., 1968, "Financial Ratios, Discriminant Analysis and the Prediction of Corporate
Bankruptcy," Journal of Finance; For a more updated version of the Altman Z-score and its relationship to
default probabilities take a look at Altman, E.I., 1993, Corporate Financia Distress and Bankruptcy, 2nd
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variable and the finandal ratios (debt to capita and opeating margin) as indgpendent
variables, we look for arelationship:
Distress Dummy = a + b (Debt to Capital) + ¢ (Cash Balance/ Vaue) + d (Operating
Margin)
If the relationdhip is statistically and econonically significant, we have the basis for
estimating probabilities of bankruptcy.12

One advantage of this approach is that it can be extended to cover the likelihood
of distress at firms without significant debt. For ingance, we could relate the likelihood
of distress at young,technology firms to the cash-bum ratio, which measures how much
cash afirm has on hand relative to its opeating cash needs 13

b. Based uponBondRating

Many firms, especialy in the United States, have bondstha are rated for default
risk by the ratings agendes. These bond ratings not only convey information about
default risk (or at least the ratingsagency@ perception of default risk) butthey come with
a rich history. Since bondshave been rated for decades, we can look at the default
experience of bondsin each ratings class. Assuming that the ratings agendes have not
significantly altered thar ratings standads we can use these default probabilities as
inputs into discounted cash flow valuaion modds. Altman and Kishore (2001) has
estimated the cumulative probabilities of default for bondsin different ratings classes

ove five andten-year periodsand the estimates are reproduced in Table 1 bdow!;

ed., John Wiley & Sons, New Y ork.
12 This lookslike a multiple regression. In fact, a probit is a more sophisticated version of

this regression with condraints built in ensuring tha the probabilities do not exceed one
or become negdive.

13 Cash Burn Ratio = Cash Balance/ EBITDA. With negaive EBITDA, this yields a
measure of thetime that it will take thefirm to bum throughits cash bdance.

14 Altman, E.l. and V.Kishore, 1999, The Default Experience of U.S. Bonds, Working
Paper, Salomon Center.
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Table 1: BondRating and Probabiity of Default D1971- 2001

Rating Cunulative Probability of
Distress

5 years 10years
AAA 0.03% 0.03%
AA 0.18% 0.25%
A+ 0.19% 0.40%
A 0.20% 0.56%
A- 1.35% 2.42%
BBB 250% 427%
BB 9.27% 16.89%
B+ 16.15% 24.82%
B 24.04% 32.75%
B- 3110% 4212%
CCC 39.15% 51.38%
cC 4822% 60.40%
C+ 59.36% 69.41%
C 69.65% 77 44%
C- 80.00% 87.16%

As eaboration, the cumulative default probability for a BB rated bondover ten yearsis
16.89%15

Wha are the limitations of this approach? Thefirst is tha we are ddegating the
responsbility of estimating default probabilities to the ratings agendes and we assume
tha they do it well. The secondis tha we are assuming tha the ratings standards do not
shift over time. The third is that the table measures the likelihood of default on a bond
but it does not indicate whether the defaulting firm goes out of busness. Many firms
continueto opeate as going concernsafter default.

We can illustrate the use of this approach with Globd Crossing. At the end of
2001,Globd Crossing had been assignad a bondrating of CCC by S& P. Based uponthis
bondrating and the history of defaults between 1971 and 2001, we would have estimated
a cumulative probability of bankruptcy of 51.38%over 10 yearsfor thefirm.

15 Altman estimates the probability of default only for AAA, AA, A, BBB, BB, B and
CCC bonds We interpolated to get therest of thetable.
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c. Based uponBondPrice

The conventiond approach to valuing bondsdiscounts promised cash flows back
at acod of debt that incorporates a default spread to come up with a price. Consder an
aternative approach. We could discount the expected cash flows on the bond, which
would be lower than the promised cash flows because of the possibility of default, at the
riskfree rate to price thebond.If we assume tha a congant annud probability of default,
we can write thebondprice as follows for abondwith fixed couponmaturingin N years.

BondPrice= § e o e ee A

t=1

This equaion can now be used, in conjundion with the price on a traded corporate bond
to back out the probability of default. We are solving for an annudized probability of
default over thelife of the bond,and ignoting the reality tha the annudized probability
of default will behighe intheearlier years and declinein thelater years.

While this approach has the attraction of bang a smple one we would hasten to
add the following caveats in udng it. First, note tha we not only need to find a straight
bond issued by the company B specia features such as convatibility will rende the
approach unusble Bbut the bondprice has to be available. If the corporate bondissueis
privately placed, thiswill notbefeasible. Second,the probabilities that are estimated may
bedifferent for different bondsissued by the same firm. Some of these differences can be
traced to the assumption we have made tha the annud probability of default remains
condant and others can be traced to the mis-pricing of bonds Third, as with the previous
approach, failure to make debt payments does not always result in the cessation of
opeaations Findly, we are assuming tha the couponis either fully pad or not at al; if
there is a patial payment of eithe the couponor the face value in default, we will over
estimate the probabilities of default usngthis approach.

[lludration 1: Estimating the probability of bankruptcy usng bondprice: Globd Crossing

In late 2001, Globd Crossing had a 12% couponbond with 8 years to maturity
trading at $ 653. To estimate the probability of default (with a treasury bondrate of 5%
used as theriskfree rate):

@ 120(1 i #Distress)t + 1000(1 ) #Distress)8

653= : )
Y (1.05) (1.05)
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Solving for the probability of bankruptcyé, we get
I bisress = ANnud probability of default = 13.53%
To estimate the cumulative probability of distress over 10 years.
Cumulative probability of surviving10years=(1-.1353%° = 23.37%
Cumulative probability of distressover 10years=1-.2337=.76630r 76.63%

Estimating Distress Sale Proceeds
Once we have estimated the probability that the firm will be unable to make its
debt payments and will cease to exist, we have to consder thelogical follow-up question.
Wha hgppens then? As noted earlier in the paper, it is not distress per se tha is the
problem butthefact that firmsin distress have to sell ther assets for less than the present
value of the expected future cash flows from existing assets and expected future
investments. Often, they may be unéble to claim even the present value of the cash flows
genaated even by existing investments. Consquently, a key input tha we need to
estimate is the expected proceedsin the event of adistress sale. We have three choices:
a. Estimate the present value of the expected cash flows in a discounted cash flow
modd, and assume tha the distress sale will generate only a percentage (less than
1009 of thisvalue Thus if thediscounted cash flow vauation yields$ 5 billion
asthevaue of the assets, we may assume tha the valuewill only be$ 3 billionin
theevent of adistress sde.
b. Estimate the present value of expected cash flows only from existing
investments as the distress sale value Essentially, we are assuming tha a buye
will not pay for future investments in a distress sale. In practical terms, we would
estimate the distress sale value by consdering the cash flows from assets in place
as apepeduity (with no growth).
c. Themod practical way of estimating distress sale proceeds is to consde the
distress sale proceeds as a percent of book value of assets, based upon the
expeience of othe distressed firms. Thus the fact tha distressed telecomm

16 With a 10-year bond,it is a process of trial and error to estimate this value The solver

funaionin excel accomplishesthesamein far lesstime.



companies are able to sell ther assets for 20% of book value would indicate that
the distress sale proceeds would be 20% of the book value of the assets of the
firm.
Note tha many of the issues tha come up when estimating distress sale proceeds D the
need to sell a bdow fair value the urgency of the need to sell P are issues tha are
relevant when estimating liquidation value
[lludration 2: Estimating Distress Sale Proceedsin Januay 2002:Globd Crossing
To estimate the expected proceeds in the event of a distress sale, we consdered

several factors. Firgt, the duggish growth in the econony in Januay 2002clearly did not
bodewell for any firm tryingto sell itsassetsin aliquidaion. Second thefact tha alarge
number of telecomm firms were in distress and looking for potential buye's at that time
was aso likely to weigh down the proceeds in a sale. In fact, PSInd, another telecomm
firm tha had recently been forced into a distress sale, was able to receive less than 10%
of its book value in the sale. For Globd Crossing, we asssumed tha the distress sae
proceedswould be 15% of thebookvalue of the non-cash assets.

Book value of non-cash assets = $14531 million

Distress sdle value = 15%of bookvaue=.15*14531 =$ 2,180million
Since the firm had debt outstanding with a face value of $7,647 million, the equity
investors would receive nothing in the event of a distress sale, even if we consdered the
cash and marketable securities of $2,260 million that thefirm had onits books
[lludration 3: Valuing Globd Crossing with Distress valued separately

To value Globd Crossing with distress valued separately, we began with a going
concern valuaion of Globd Crossing and then consder the distress sale proceeds
1. Valuing Global Crossing asa going concern

Globd Crossing provided managed daa and voice produds over a fiber optic
network. Over its three-year history, the firm had increased revenues from $420 million
in 1998to $4,040 million in 2001, but it had gone from an opeating income of $120
millionin 1998to an opeating loss of $1,895millionin 20017, In addition, thefirm was

17 While the finandal statements for 2000 had not been released, the trailing 12-month
numbers were used for mog of theinpusin Novembe 2001
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capital intendve and reported subdantial capital expenditures ($4,289 million) and
depreciation ($1 436 million) in 2000.

In making the valuaion, we assumed tha there would be no revenue growth in
thefirst year (to reflect a dowing econony) and tha revenue growth would be brisk for
the following 4 years and then taper off to a stable growth rate of 5% in the termind
phase, tha EBITDA as a percent of sales would move from the current level (of aboutb
10%) to a indudry average of 30% by the end of the tenth year and tha capital
expenditures would be ratcheted down over the next two years to maintenance levels.
Table 2 summarizes our assumptions on revenue growth, EBITDA/Sdes and
reinvestment needsover thenext 10 years.

Table 2: Assunptionsfor Valuation

EBITDA/ Growthratein | Growthratein | Working capital
Revenue Revenues Capital Spanding| Depreciation | as% of Revenue
1| 0.00% -3% -20% 10% 3.00%
2 | 4000% 0.00% -50% 10% 3.00%
3 | 30.00% 5.00% -30% 10% 3.00%
4 | 2000% 10.00% 5% 10% 3.00%
5 | 10.00% 1500% 5% -50% 3.00%
6 | 1000% 18.00% 5% -30% 3.00%
7 | 10.00% 21.00% 5% 5% 3.00%
8 | 8.00% 24.00% 5% 5% 3.00%
9 | 6.00% 27.00% 5% 5% 3.00%
10| 5.00% 30.00% 5% 5% 3.00%

For both revenue growth and improvement in EBITDA marginsg we assumed tha the
larger changes occured in the earlier years. Note tha the changes in depreciation lag the
changes in capital spending Bthe capital spending is cut first and depreciation dropslater.
Findly, we assumed that thefirm would need to set aside 3% of the revenuechangeeach
year into working capital based upontheindugry averages.

With these forecasts, we estimated revenues, opeaating income and after-tax
opeaating income each year for the high growth period in Table 3. To estimate taxes, we
conddered the ne opeaating losses carried forward into 2001 of $2,075 million and add
ontheadditiond losses tha we expected in thefirst few years of the projection.

Table 3: Expected after-tax opaatingincometo firm: Global Crossing

NOL at beginning EBIT (1-
Year |Revenues|EBITDADepreciation EBIT of year Taxes t)
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1 $3804 | -$95 $1580 |-$1675 $2,075 0 |-$1675
2 $5326 | $0 $1,738 |-$1,738 $3,750 $0 | -$1,738
3 $6923 | $346 $1911 |-$1565 $5487 $0 | -$1565
4 $8308 | $831 $2102 |-$1272 $7,052 $0 | -$1272
5 $9139 | $1371| $1051 | $320 $8324 $0 $320
6 $10053| $1,809 $736  |$1074 $8,004 $0 | $1074
7 $11058| $2,322 $773  |$1550 $6,931 $0 | $1550
8 $11942| $2508 $811 [$1697 $5381 $0 | $1697
9 $12659| $3038 $852 [$2,186 $3,685 $0 | $2,186
10 $13292| $3589 $894 1$2694 $1498 $419| $2276
Termind | $13957 | $4,187 $939 |$3248 $0 $1137 $2111

The accumulated losses over the first nine years shield the firm from paying taxes untl
thetenth year. After that pant, we assumed a margind tax rate of 35%0.18
Findly, we estimated free cash flows to the firm with our assumptions about
capital expenditures and working capital (in Table 4).
Table 4: Expected free cashflows to thefirm: Global Crossing

Changein working

Year |EBIT (1-t) |Capital Expenditures| Depreciation capital FCFF
1 -$1675 $3431 $1580 $0 -$3526
2 -$1,738 $1,716 $1,738 $46 -$1,761
3 -$1565 $1201 $1911 $48 -$903
4 -$1272 $1261 $2,102 $42 -$472

5 $320 $1324 $1051 $25 $22
6 $1074 $1,390 $736 $27 $392
7 $1550 $1460 $773 $30 $832
8 $1697 $1533 $811 $27 $949
9 $2,186 $1,609 $852 $21 $1407
10 $2276 $1,690 $894 $19 $1,461
Termind | $2111 $2353 $939 $20 $677

Thefirm uses debt liberaly to fundthese investments and had book value of debt
outstanding of $7,647 million at the end of 2001 We estimated a market value for the
debt of $4,923 million1® Based upon its market capitalization (for equity) of $1,649
million at the time of this valuaion, we estimated a market debt to capital ratio for the

firm.

18 The tax rate in year 10 is less than 35% because of the net opeating losses carried

forward fromthe previousyear.
19 To egtimate the market valug, we discounted the face value of debt and the interest

payments back at the estimated pre-tax cos of debt of 12.80%



Debt to capital = 4923 =74.91%
4923+ 1649
. . 1649
Equity to capital = — 20> = 25.09%
QU 0 il = 523+ 1649 ‘

To estimate the bottom-up beta, we began with an unlevered beta of 0.7527 (based upon
al pubilicly traded telecomm services firms) and estimated the levered betafor thefirm:
Levered beta= Unlevered beta( 1 + (1- tax rate) (Debt/Equity))

=0.7527(1 + (1-0) (49231649) = 3.00
Using a battom-up beta of 3.00 for the equity and a cos of debt of 12.80% based upon
the then current rating for the firm(CCC), we estimated a cod of capital for the next 5
years. (Theriskfree rate was 4.8% and therisk premium used was 4%.)
Cogt of equity = 4.8% + 3 (4%) = 16.80%
After-tax cod of debt=12.8% (1-0) = 128% (Thefirm does not pay taxes)
Cog of capital = 16.80%(0.2509 + 12.8% (0.7491) = 13.80%
In stable growth, after year 10, we assumed tha the beta would decrease to 1.00 and that
the pre-tax cog of debt would decrease to 8%. The adjugment occurs in linear
increments from years 6 through10 as shown in Table 5:

Table 5: Cog of capital DGlobal Crossing

Year 1-5 6 7 8 9 10 (Terminal
Tax Rate 0% 0% 0% 0% 16% 35%
Beta 3.00 2.60 2.20 1.80 140 1.00 1.00

Cog of Equity 1680%| 1520%| 13.60%| 12.00%| 1040%| 8.80% | 8.80%
Cog of Debt 1280%]| 1184%| 10.88%| 9.92% | 8.96% [6.76% | 5.20%
Debt Ratio 7491%| 67.93%| 60.95%| 53.96% | 46.98% | 40.00%| 40.00%

Cog of Capital 1380%| 1292%| 1194%| 10.88%| 9.72% | 7.98% | 7.36%

To estimate the reinvestment rate in the termind year, we assumed that Globd Crossing
would earn its cog of capital of 7.36% in perpeuity after year 10, and that the expected
growth rate would be 5%. Thisyieldsareinvestment rate of 67.93%.
5%
7.36%

=67.93%

Reinvestment rate in stable growth =
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= EBIT,,(1- t)(1- reinvestment raj
Expected FCFF in termind year = 21111" 0.35(1" 0.6793
=$677million

FCFF,, 677

Termind vaue = ! =
Cost of capital-g  0.0736-0.05

=$ 28,683 million

Discouning the opeaating cashflows and the termind vaue back to the present, we
arrived at an estimate of the value of the opeating assets of $5,530million. Note, though,
tha amog of this value came from our presumption tha Globd Crossing would not only
survive but become profitable, which is the source of the large termind value Adding
back the cash and marketable securities hdd by the firm ($2,260 million) and subtracting
out the value of debt ($4,923 million) and the estimated value of management options
outstanding ($143 million¥9, we arrive a a value of equity of $2.852 billion. Dividing
by the nunber of shares outstanding resultsin avaue pe share of $322

Value of the opeating assets of thefirm = $552992
+ Cash and Marketable Securities = $226000
- Market Vaueof Debt = $492275
Market Vaue of Equity = $286717
Value of Options Outstanding = $1431
Valueof Equity in Common Stock = $2.85286
Vaueof Equity pe Share= $322

Vaued as a going concern, we would have assigned a value of $3.22 pea share to Globd
Crossing@® equity.
Dealing with Distress

In illugration 1 we estimated the cumulative probability of distress for Globd
Crossing to be 76.63% ove the next 10 years, and in illugration 2, we estimated the
distress sale proceedsto be 15% of book value, based uponhow much the assets of other

bankruptcy telecomm firms were receiving in the market place currently. Combining

20 The Black-Scholes modd was used to estimate the value of the optionsoutstanding. In
fact, these optionshad log a substantial portion of value because of thedrop in the stock
price.
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these two inputs, we arrive at an estimate of an expected value for the opeaating assets
with distress built into the assumptions

Expected Vaue of Opeaating Assets = 5530 (1 - .7663) + 2180 (.2337) = $296290
million

If we add back the cash and marketable securities and net out the debt, we arrive at an

adjuged value of equity for thefirm.

Vaueof thefirm = $296290
+ Cash and Marketable Securities = $226000
- Market Vaueof Debt = $492275
Market Value of Equity = $30015
Vaue of OptionsOutstanding (See option worksheet) = $1431
Valueof Equity in Common Stock = $28584
Vaueof Equity pe Share= $032

One limitation of this approach isthat it does not consder the fact tha equity has
limited liability. In other words if distress occurs and the value of the opeating assets is
less than the debt outstanding (as is inevitable), equity investors will ge&t nothing from
thar investment but will not be required to make up the difference. We can estimate a
more reaigtic value of equity by taking a weighted average of equity per shae:

Vaueof equity = $322(1- .7663 + $0.00(.7663 = $0.75

One way to read this difference is to consde the first estimate of value ($0.32) as the
value without limited liability and the second estimate ($0.75) as the value to equity
investors of limited liability.

Adjuged Present Value (APV)

In the adjugted present value (APV) approach, we begin with the value of thefirm
without debt. As we add debt to the firm, we consde the net effect on value by
congdering both the benefits and the costs of borrowing. To do this, we assume tha the
primary bendit of barowing is a tax bendit and tha the mogd significant cog of
borrowing is the added risk of bankruptcy. With distressed firms, the advantage of
separating the value impact of debt from the value of the opeaating assets is tha more
attention can be pad to the cog and probability of distress.
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Reviewing the stepsin the APV approach, we estimate the value of the firm in
three steps We begin by estimating the value of the firm with no leverage by
discountiing the expected free cash flow to the firm at the unlevered cog of equity. In the
special case where cash flows grow at a constant rate in perpeuity, the value of thefirm
iseasly computed.

Vaueof Unlevered Firm = %ﬁg"g)

where FCFFy is the current after-tax opeaating cash flow to thefirm, ", is the unlevered
cog of equity and g is the expected growth rate. In the more genera case, we can value
thefirm usng any set of growth assumptionswe believe are reasonable for thefirm.

We then consder the present value of the interest tax savings generated by
borowing a given amount of money. This tax benefit is a fundion of the tax rate of the
firm and is discountd at the cos of debt to reflect the riskiness of this cash flow. If the
tax savingsare viewed as a pepdulity,

(Tax Ratg(Cost of Deb)Debt)
Cost of Debt

Valueof Tax Bendits = (Tax Ratg(Deby)
%))

For a distressed firm, this value will be depressed if the firm has subgantial opeating
losses and does not expect to get tax benefits for the foreseeable future.

Thethird step isto evalude the effect of thegiven level of debt onthedefault risk
of the firm and on expected bankruptcy cods. This requires the estimation of the
probability of default with the additiond debt and the direct and indirect cog of
bankruptcy. If !, is the probability of default after the additiond debt and BC is the
present value of the bankruptcy cod, the present value of expected bankruptcy cos can
be estimated.

= (Probability of Bankruptc)(PV of Bankruptcy Co$
PV of Expected Bankruptcy cost _ " BC
We can use the approaches described in the last section to arrive at an estimate of the
probability of bankruptcy. We can aso consder the difference beween the value of a
firm as a going concern and the distress sale value as the cog of bankruptcy. Thus if the
present value of expected cash flows is $ 5 billion B the going concern value b and the
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distress sale proceeds is expected to be only 25% of the book value of $ 4 billion, the
bankruptcy cog is$ 4 billion.
Expected bankruptcy cos = $5 billion- .25 (4 billion) = $ 4 billion
Agan, with distressed firms, the present value of expected bankruptcy cods is likely to
be a large number. The combinaion of low tax bendits and large bankruptcy codsis
likely to reduce firm value

Almeida and Philippon (2009 suggest a variation of the adjuged present value
modd, arguing tha the conventiond measure of distress cods undestates its magnitude
because it does not factor in the redlity tha distress cods are often systematic (market
and econony driven).21 They present two ways of adjuding distress cog valueto reflect
this systematic risk. In thefirst, they derive probabilities of default from corporate bond
spreads akin to wha we did earlier in illugration 1. In the second, they derive the risk
adjugment from historical daa on distress probabilities and asset-pricing modds. They
condudetha the expected bankruptcy cods are subdantia and have a large impact on
vaue
[lludration 4: Valuing Globd Crossing: Adjuded Present Value

To value Globd Crossing on an adjusted present value basis, we would first need

to value the firm as an unlevered entity. We can do this by ugng the unlevered cost of
equity as the cog of capital.

Unlevered betafor Globd Crossing?2 = 0.7527

Using theriskfree rate of 4.8% and the market risk premium of 4%,

Unlevered cog of equity for Globd Crossing = 4.8% + 0.7527(4%) = 7.81%

We use this cost of equity as the cost of capital and discountthe expected free cashflows
to the firm shown earlier in Table 4. Table 6 summarizes the present value of the
cashflows at the unlevered cog of equity. (Note that thetermind valueis left unchanged.
We will continueto assume tha thefirm will earn its cog of capital oninvestments after

year 10)

21 Almeida, H. and T. Philippon, 2005 The Risk-adjused Cog of Finanda Distress,
SSRN Working Paper.

22 We u=d the unlevered beta of telecomm services firms as the unlevered beta for
Globd Crossing.
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Table 6: Present Value of FCFF at Unlevered Cog of Equity

Year FCFF [Terminal Value PV at 7.81%
1 | -$3526 -$327085
2 -$1,761 -$151531
3 -$903 -$72038
4 -$477 -$34917
S $27 $1502
6 $397 $24955
7 $83 $49164
8 $944 $51981
9 $1407 $71526
10 $1461 $28683 $1421082

Total $1034639

The unlevered firm vaue is $10,346 million. To this we should add the expected tax
ben€fits of debt. Since the firm isloang money and has substantial net opeating losses,
the expected tax benefits accrue amost entirely after year 10. Consequently, we discount
back the expected tax benefits after year 10 at 7.81%73. To estimate the bankruptcy cog,
we condder the difference between the going conaern value of $14211 million and the
distress sale proceeds estimate of $2,180 million (estimated in illudration 2) as the
bankruptcy cod. Multiplying this by the probability of bankruptcy estimated in
illudgration 1 yieldsthe expected cog of bankruptcy:

Expected tax benefits = .35*10,346/1.0781°= $1,707 million

Adjuged Present Value of Globd Crossing® assets = Unlevered firm value + Present
value of tax benefits B Expected bankruptcy costs = 10346+ 1,707D0.7663(14211D
2,180)=%2,834million

23 This is congervative. The tax benefits may be highea because of the accumulated net
opeaating losses.
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Adding back the cash and marketable securities and subtracting out debt yields a value of
equity for Globd Crossing:

APV of Globd Crossing Assets=  $2,834million

+ Cash & Marketable Securities=  $2,260million

- Market value of Debt $4,923million

Vaueof Equity = $171million

Vauepe shae=$171millior/ 88647 = $0.19

There were 886.47 million shares outstanding in December 2001.

Relative Valuation

Mog valuaions in practice, induding thos of distressed firms, are relative
valuaions In paticular, firms are valued usng multiples and groups of comparable
firms. An open question then becomes whether the effects of distress are reflected in
relative valuaionsand, if nat, how best to do so.

Distress in Relative Valuation

It is not clear how distress is incorporated into an estimate of relative value
Consde how relative valuaion is most often done. We choo® a group of firms tha we
bdieve are comparable to the firm tha we are valuing. Usudly, we pick firms in the
same busness tha our firm is in. We then standadize prices by computing a multiple
price earnings price to book, enterprise value to sales or enterprise value to EBITDA.
Findly, we examine how our firm measures up on this multiple, relative to the
compaable firms. While this time honowed approach is used for distressed firms as well,
theissueslisted bdow geneadly are uniqueto distressed firms:
1. Revenue and EBITDA multiples are used more often to value distressed firms than
healthy firms. Thereasonsare pragmatic. Multiple such as price earningsor price to book
value often cannot even be computed for a distressed firm. Andysts therefore move up
the income statement looking for a postive nunber. For firms tha make heavy
infrastructure investments, where depreciation and amortization is a significant charge
agang opeaating income and there are subdantial interest expenses, the EBITDA is often
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postive while net income is negdive. For some firms, even EBITDA is negdive and
revenuemultiples are only multiples tha yield postive values.

2. Andysts who are aware of the possibility of distress often consder them subjectively
when they compare the multiple for the firm they are andyzing to the industry average
For example, assume that the average telecomm firm trades at 2 times revenues and tha
the firm we are andyzing trades at 1.25 times revenues. Assume aso tha the firm has
subgantialy highe default risk than the average telecomm firm. We may condude that
thefirm is not undevaued even thoughit trades at a significant discounton the average,
because of the potential for default. The peils of subjective adjugment are obvious
Barring the mog egregious misvaluaions andysts will find a way to justify ther prior
biases aboutfirms.

Adapting Relative Valuation to Distress

Is there a way in which relative valudion can be adegpted to cover distressed
firms? We bdieve so, thoughthe adjugments tend to be much more approximate than
those described in the discountd cash flow section. We consde two ways of building
distress explicitly into relative valuaions In the first, we compae a distressed
company@® valuation to the vaudions of other distressed companies. In the second, we
use healthy companies as comparable companies, but find a way to adjud for the distress
tha thefirm we are valuingis facing.

Choosng the Conmparables

To value a distressed firm, we can find a group of distressed firms in the same
busness and look at how much themarket iswilling to pay for them. For ingance, we
could value atroubled telecomm firm by looking at the enterprise value to sales (or book
capital) multiples at which other troubled telecomm firms trade While thereis promisein
this approach, it works only if a large numbe of firms in a sector dip into finandal
trouble at the same time. In addition, by categorizing firms as distressed or not distressed
firms, weruntherisk of lumping together firms that are distressed to different degrees.

Onepossible way to expand this approach isto look at distressed firms across the

whole market, rather than jus the sector in which thefirm opeates. Thiswill allow for a
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larger sample thoughthere is the possible disadvantage tha a troubled grocery store may
be in a beter postion (in terms of generating distress sale proceeds) than a troubled
technology company.

[lludration 5: Choosng distressed comparables

To vaue Globd Crossing, we consdered only telecomm service firm with
negative opeating income and high leverage (market debt to capital ratios that exceed
75%). We measured book capital as the sum of the book values of equity and debt at the
end of the most recent finanda year. Our objective was to arrive at a sample of
telecomm firms tha have a significant likelihoad of distress. Table 7 summarizes the
enterprise value book capital ratiosfor these firms:

Table 7: Distressed Telecomm Firms

Company Name Valueto Book Capital | EBIT | Market Debt to Capital Ratio
SAVVIS Communications Corp 0.80 -83.67 75.20%
Talk America Holdings Inc 0.74 -38.39 76.56%
Choice One Comm. Inc 0.92 -154.36 76.58%
FiberNet Telecom Group Inc 1.10 -19.32 77.74%
Level 3 Communic. 0.78 -761.01 78.89%
Global Light Telecom. 0.98 -32.21 79.84%
Korea Thrunet Co. Ltd CI A 1.06 -114.28 80.15%
Williams Communications Grp 0.98 -264.23 80.18%
RCN Corp. 1.09 -332.00 88.72%
GT Group Telecom Inc Cl B 0.59 -79.11 88.83%
Metromedia Fiber ‘A’ 0.59 -150.13 91.30%
Global Crossing Ltd. 0.50 -15.16 92.75%
Focal Communications Corp 0.98 -11.12 94.12%
Adelphia Business Solutions 1.05 -108.56 95.74%
Allied Riser Communications 0.42 -127.01 95.85%
CoreComm Ltd 0.94 -134.07 96.04%
Bell Canada Intl 0.84 -51.69 96.42%
Globix Corp. 1.06 -59.35 96.94%
United Pan Europe Communicatio 1.01 -240.61 97.27%
Average 0.87

Globd Crossing trades at 50% of book capital invested, significantly lower than the
average ratio across these distressed firms. We could view this as indicative of the fact
tha Globd Crossingis unde valued on arelative basis, thoughtha conduson would be



judified only if we assume tha the firms are exposd to equd degrees to finanaal
distress.

Adjuding theMultiple

A second possibility is to look for objective ways of adjuding the multiple for
distress. Consider one possible solution. We could examine the multiple of revenues or
opeating income a which firms in different ratings classes trade at to get a measure of
the discount (if any) tha is beng applied by the market for the degree of distress to
which afirm is exposed. If there are enoughfirms in the sector tha we are andyzingin
each ratingsclass, we could do this on a sector basis. If there are not, we could look at the
multiple across the entire market and examine differences across bondrating classes.
[lludration 6: Adjused Multiple: Globd Crossing

Looking at al telecomm firms, and categorizing them based uponbord ratings

we were able to estimate thevalueto bookratiosat theend of 2001by bondrating class:
BondRating Valueto Book

Capital Ratio
A 1.70
BBB 161
BB 1.18
B 1.06
CCC 0.88
CC 0.61

Thedifferences between ratingsclasses provide us with an indication of the discountthat
we would apply when vauing distressed firms. For indance, Globd Crossing with its
CCC ratingsshould have a multiple that is roughly hdf that of a healthy A rated firm in
the same sector.

Consdering the Possibility of Distress Explicitly

One of the adgptationstha we suggested for discounied cash flow valuaion was
an explicit assessment of default risk and a firm value that was a weighted estimate of a
going concern value and a distress sale value For a distressed firm in a sector where the
average firm is hedlthy, this approach offers promise. We can estimate the vaue of the
distressed firm usng the comparable firms and consder it the going concern value For

ingance, if hedlthy firmsin the busnesstrade at 2 times revenues, we would multiple the
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firm@ revenues by 2 to arrive at the going conaern value We could then estimate the
firm valueasfollows:

Firm Vaue= Going concernrelativevaue* (1-! piy )+ Distresssaevaue* ! piges
The probability of distress and the distress sale value would be estimated jug as they
were in the last section. This approach makes the mos sense when valuing afirm tha is
distressed in a sector containing mogly healthy firms, since the prior two approaches
could notbeused here.

In some cases, we may have to use forecasted values for revenues and operating
income to arrive at the going concern value, especialy if current revenues and opeating
income are adversely impacted by the overhang of distress.

[lludration 7: Forward Multiples and Distress
Congde the forecasts of revenues and EBITDA made in Table 3 for Globd

Crossing. While the firm is lodng a subgantial amount of money currently, we are

forecasting a return to finandal hedth. In year 5, for ingance, Globd Crossing is

expected to have an EBITDA of $1,371 million on revenues of $9,139million. Using the

average enterprise valueEBITDA multiple of 7.2 at which healthy telecomm firms24

trade, we can estimate an expected enterprise value in year 5.

Expected Enterprise valuein year 5 = EBITDA; * EV/ EBITDA et or heathy telecomm firms
=1,371* 7.2=$9871million

We can estimate the present value of this estimated value by discourting back at Globd

Crossing@® cog of capital.

Enterprise valuetoday = 9871/.138 = $5,172million

This, of course, is based uponthe assumptiontha Globd Crossing will become a hedlthy

firm. Using the probability of survival (23.37%) and distress (76.63%) estimated earlier,

we can value Globd Crossing® opeating assets today:

Estimated Enterprise Vaue

= Going Concern Value (! going concen) + Distres Sale Value (1 - ! g concen)

=5172(.2337)+ 2180(.7663 = $2,879million

24 We considered only firms with positive opeating income and low debt to capital ratios
(lessthan 30%) as healthy firms.
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Note that the estimate of the distress sdle value of $2,180 million was made earlier in
illugration 2. Adding back the cash bdance of the firm ($ 2,260 million) and subtracting
outdebt ($4923million) yieldsavauefor theequity:

Enterprise Value =$2,879million
+ Cash & Marketable Securities =$2,260million
- Debt =$4923million
Vaueof Equity =$216million
Vauepe shae=$216 88647 =$0.24

From Firm to Equity Value in Distressed Firms

In conventiond vaudion, we subtract the market value of the debt from firm
value to arrive at equity value When valuing distressed firms, we have to consder two
specific issues. Thefirst isthe shifting debt load at these firms, since these firms are often
in the process of restructuring and renegotiating debt, can make identifying the dollar
debt duesat a point in time a hazardousexercise. The secondis tha equity in distressed
firms may sometimes take on option characteristics and trade at a premium on wha

discounted cash flow valuaionswould suggest isthevalue

The Shifting Debt Load

In addition to having a substantial amount of debt, distressed firms often have
very complicated debt structures. Not only do they owe money to a nunber of different
creditors, but the debt itself often is usudly complex B convetible, callable and filled
with specia features demanded by the creditors for ther own protection. In addition,
distressed firms are often in the process of negotiating with debt holders, trying to
convince them to changethe terms of the debt and, in some cases, convat thar debt into
equity. Consequently, thevalue of the debt can changedramatically from day to day, thus
affecting the value of equity, even if theenterprise value does not.

When estimating the value of debt in a distressed firm, we should consde doing
thefollowing:

¥ Rather than relying on the last available finanaa statements for the available
debt, we should try to obtain an updded estimate of the outstanding debt. This



may be difficult to do when the debt negotiations are private (between the
distressed firm and thelendes.

¥ We should updae the estimated market value of debt frequently, since the default
risk of distressed firms can changesubstantially from period to period. Even if the
debt is not traded, it is never appropriate with distressed firms to use the book
value of debt as a proxy for the market value of debt. Indead, we should estimate
the market value of debt, treating book debt like a corporate bond.

¥ When confronted with convatible debt, we should strip the convasion option
from the debt and treat it as equity. Agan, a simple way to do thisisto valuethe
convatible debt asiif it were straight debt Bthis will yield the debt portion of the
convatible debt b and consider the difference between the market value of the
convatible debt and the straight debt portion as equity.

In gengd, valuing a distressed firm is far easier than valuing equity in the same firm,

largdy because the debt outstanding will vary over time.

Equity as an Option

In mog pubilicly traded firms, equity has two features. Thefirst is tha the equity
investors run the firm and can choo® to liquidate its assets and pay off othe clam
holders a any time. The second is tha the liability of equity investors in some private
firms and amog all publicly traded firmsisrestricted to thar equity investments in these
firms. This combinaion of the option to liquidae and limited liability allows equity to
have thefeatures of acall option. In firmswith subgantia debt and a significant potential
for bankruptcy, the option value of equity may bein excess of the discounted cash flow
value of equity.

The Payoff on Equity asan Option

Theequity inafirmisaresdud claim, that is, equity holderslay claim to all cash
flows left after othe finanda claimholdes (debt, preferred stock, etc.) have been
satisfied. If a firm is liquidaed, the same prindple applies; equity investors receive the
cash tha is left in thefirm after al outstanding debt and other finandal claims have been
pad off. With limited liability, if the value of the firm is less than the value of the
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outstanding debt, equity investors cannotlose more than thar investment in the firm. The
payoff to equity investors on liquidation can therefore be written as.

Payoff to equity onliquidaion =V-D ifV>D

=0 ifvV! D

where

V = Liquidaion Vaueof thefirm

D = Face Vaueof theoutstanding debt and other externd claims
Equity can thus be viewed as a call option on the firm, where exercising the option
requires tha the firm beliquidated and the face value of the debt (which correspondsto
the exercise price) be paid off. The firm is the undelying asset and the option expires
when the debt comes due The payoffs are shownin Figure 1.

Figure 1: Payoff on Equity asOptionona Firm

Net Payoff
on Equity
Face Value
of Debt
B

|
I/ Value of firm

[Hludration 8: Vauing Equity as an Option

Assume tha we are valuing the equity in a firm who assets are currently valued
at $100million; the standad deviation in this asset value is 40%. The face value of debt
is$80million (it is zero coupondebt with 10 years left to maturity). The 10-year treasury
bondrate is 10% We can value equity as a call option on the firm, usng the following
inputs for the option pricing modd.

Valueof theundelying asset = S= Vaueof thefirm = $100million

Exercise price = K = Face Value of outstanding debt = $ 80 million
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Life of theoption=t = Life of zero-coupondebt = 10 years

Variancein thevalueof theundelying asset = #2 = Variancein firm value= 0.16
Risklessrate = r = Treasury bondrate corresponding to optionlife = 10%
Based uponthese inputss, the Black-Scholes model provides the following vaue for the
call.
d1 =1.5994 N(d1) = 0.9451
d2 = 0.3345 N(d2) = 0.6310
Valueof thecall = 100(.9451) P80 1219 ( 6310) = $7594 million
Since the call valuerepresents the value of equity and the firm valueis $100million, the
estimated value of the outstanding debt can be calculated.
Vaueof theoutstanding debt = $100- $7594 = $24.06 million
Since thedebt isa 10-year zero couponbond,the market interest rate on the bondcan be
calculated.

1
Interest rate ondebt _ ij%é;ﬁ S1=12.77%

Thus thedefault spread onthis bondshould be 2.77%.

Implicationsof viewing Equity asan Option

When the equity in afirm takes on the characteristics of a call option, we have to
changetheway we think aboutits valueand wha determinesits value In this section, we
will consder a number of potential implicationsfor equity investors and bondhotesin
thefirm.

When will equity beworthless?

In discounted cash flow vauaion, we arguethat equity is worthless if wha we
own (the value of the firm) is less than wha we owe. The first implication of viewing
equity as a cal optionis tha equity will have value even if the value of the firm falls
well bdow the face value of the outstanding debt. While the firm will be viewed as
troubled by investors, accountants and andysts, its equity is not worthless. In fact, jus as
deep out-of-the-money traded call optionscommand value because of the possibility tha
the value of the undelying asset may increase above the strike price in the remaining
lifetime of the option, equity commandsvalue because of the time premium onthe option
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(the time until the bondsmature and come dug and the possibility tha the value of the
assets may inarease abovetheface value of the bondsbefore they come due
[lludration 9: Firm Vaueand Equity Value

Revisiting the preceding example, assume tha the value of the firm dropsto $50
million, bdow the face value of the outstanding debt ($80 million). Assume tha all the
other inputs remain unchanged. The parameters of equity asacall optionare asfollows:

Vaueof theundelying asset = S= Valueof thefirm = $ 50 million

Exercise price = K = Face Vaueof outstanding debt = $ 80 million

Life of theoption=t = Life of zero-coupondebt = 10 years

Variancein thevalueof theundelying asset = #2 = Variancein firm value= 0.16
Risklessrate = r = Treasury bondrate corresponding to optionlife = 10%
Based uponthese inputs, the Black-Scholes model provides the following vaue for the
call.
d1 =1.0515 N(d1) = 0.8534

d2 =-0.2135 N(dp) = 0.4155

Valueof thecall (equity) = 50 (0.8534)- 80 exp(-0-10X10) (0.4155)= $3044 million
Vdueof thebond=$50- $3044 = $1956 million

As we can see, the equity in this firm retains value, because of the option characteristics
of equity. In fact, equity continues to have value in this example even if the firm value
dropsto $10million or bdow, as shown in Figure 2.
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Increasing Risk can increase Equity Vaue
In traditiond discounted cash flow valuation, higher risk amog aways trand ates
into lower value for equity investors. When equity takes on the characteristics of a call

option, we should not expect this relationship to continueto hold. Risk can become our
ally, when we are equity investors in a troubled firm. In essence, we have little to lose
and much to gain from swingsin firm value
[lludration 10: Equity Value and Volatility

Let usrevisit the valuaion in lllugration 8. The value of the equity is afundion

of the variance in firm value which we assumed to be 40%. If we changethis variance,
holding all else congant, the value of the equity will changeas evidenced in Figure 3.
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Figure 3: Equity Value and Standard Deviation in Firm Va
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Note that the value of equity increases, if we hold firm value congant, as the standad
deviation increases. The interest rate on debt also inareases as the standad deviation

increases.

Probability of Default and Default Spreads

One of the more interesting pieces of output from the option pricing modd is the
risk-neutral probability of default that we can obtain for the firm. In the Black-Scholes
modd, we can estimate this value from N(d2), which is the risk-neutral probability that
S>K, which in this modd is the probability tha the value of the firm@ asset will exceed
theface value of the debt.

Risk-neutral probébility of default = 1 DN(d2)

In addition, the interest rate from the debt allows us to estimate the appropriate default
spread to chargeon bonds

Y ou can see the potentia in applying this modd to bank loan portfoliosto extract
both the probability of default and to measure whether you are charging an interest rate
that is high enoughon the debt. In fact, there are commercia services tha use fairly
sophisticated option pricing modds to estimate both values for firms.
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[lludration 11: Probabilities of default and Default Spreads
We return to Illugration 8 and estimate the probability of default as N(d2) and the
default spread, measured as the difference between the interest rate on a firm@ debt and

theriskfreerate, asafundion of thevariance. These values are graphed in Figure 4.

Figure 4: Risk Neutral Probability of default and Default spre:
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Note that the probability of default climbsvery quickly as the standad deviation in firm
valueincreases and the default spread follows it aong.

Estimating the Value of Equity asan Option
The examples we have used thusfar to illudrate the application of option pricing

to vaue equity have induded some simplifying assumptions Among them are the
following.

1. There are only two claimholdersin thefirm - debt and equity.

2. Thereisonly oneissue of debt outstanding and it can beretired at face value

3. Thedebt has a zero couponand no specia features (convetibility, put clauses, etc.)

4. Thevaueof thefirm and thevariance in tha value can be estimated.
Each of these assumptionsis made for a reason. First, by restricting the clamholders to
jug debt and equity, we make the problem more tractable; introdudng other claimholders
such as preferred stock makes it more difficult to arrive at aresult, albet notimpossible.
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Second, by assuming only one zero-coupondebt issue tha can be retired at face vaue
any time prior to maturity, we align the features of the debt more closely to the features
of the strike price on a standad option. Third, if the debt is coupondebt, or more than
onedebt issueis outstanding, the equity investors can beforced to exercise (liquidae the
firm) at these earlier coupondaes if they do not have the cash flows to meet their coupon
obligaions

Findly, knowing the value of the firm and the variance in that value makes the
option pricing possible, but it aso raises an interesting question about the usefulness of
option pricing in equity valuaion. If the bondsof thefirm are publicly traded, the market
value of the debt can be subtracted from the value of thefirm to obtain the value of equity
much more directly. The option pricing approach does have its advantages, however.
Specifically, when the debt of a firm is not publicly traded, option pricing theory can
provide an estimate of value for the equity in the firm. Even when the debt is publicly
traded, the bondsmay not be correctly valued and the option pricing framework can be
useful in evauding the values of debt and equity. Findly, relating the values of debt and
equity to thevariance in firm value provides some indghtinto theredistributive effects of
actionstaken by thefirm.

Inputs for Valuing Equity asan Option

Since mog firms do not fall into the neat framework developed above (such as
having only one zero-couponbondoutstanding), we have to make some compromises to
use this modd in valudion.

Vaueof theFirm

We can obtain thevalue of thefirm in oneof four ways. In thefirst, we cumulate
the market values of outstanding debt and equity, assuming that al debt and equity are
traded, to obtain firm value The option pricing modd then reallocates the firm value
between debt and equity. This approach, while simple, isinterndly incongstent. We start
with oneset of market values for debt and equity and, usng theoption pricing modd, end
up with entirely different values for each.

In the second, we estimate the market values of the assets of the firm by
discouning expected cash flows at the cog of capital. Theoneconsderation tha we need
to keep in mind is tha the value of the firm in an option pricing modd should be the
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value obtained on liquidaion. This may beless than the total firm value, which indudes
expected future investments and it may also be reduced to reflect the cog of liquidaion.
If we estimate thefirm value usng adiscounied cash flow modd, then this would suggest
tha only existing investments? should be consdered while estimating firm value The
biggest problem with this approach is tha finandal distress can affect opeaating income
and thusthevauetha we obtain by usng current opeating income may betoo low.

In the third approach, we estimate a multiple of revenues by looking at healthy
firms in the same busness and apply this multiple to the revenues of the firm we are
valuing. Implicitly, we are assuming tha a potentia buye, in the event of liqudation,
will pay thisvalue

We can use the fourth approach for firms tha have separable assets tha are
individudly traded. Here, we cumulate the value of the market values of the assets to
arrive at firm value For example, we can value atroubled real estate firm tha ownsfive
propaties by valuing each propety separately and then aggregaing thevalues.

Variance in Firm value

We can obtain the variance in firm value directly if both stocks and bondsin the
firm are traded. Defining #&2 asthevariance in the stock price and #42 asthevariancein
the bond price, we as the market-value weight of equity and wgd as the market-value
weight of debt, we can write thevariance in firm value as:26

i =WE WG 2w e o
where " gf is the correlation between the stock and the bond prices. When the bondsof
thefirm are nottraded, we can use the variance of similarly rated bondsas the estimate of
#42 and the correlation between similarly rated bondsand thefirm's stock as the estimate

of " ed.

25 Technically, this can be doneby putting the firm into stable growth and valuing it as a
stable growth firm, where reinvestments are used to either preserve or augment existing
assets.

26 Thisis an extengon of thevariance formulafor atwo-asset portfolio.
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When companies ge into finanda trouble, this approach can yield mideading
results as both its stock prices and its bond prices become more volatile. An aternaive
tha often yields more reliable estimates is to use the average variance in firm value for
other firmsin the sector. Thus thevalue of equity in adeeply troubled steel company can
be estimated usng the averagevariance in firm value of al traded steel companies.

Maturity of the Debt
Mog firms have more than one debt issue on thar books and much of the debt
comes with coupons Since the option pricing modd allows for only oneinputfor the
time to expiration, we have to convet these multiple bondsissues and couponpayments
into oneequivalent zero-couponbond
¥ One solution, which takes into account both the coupon payments and the
maturity of thebonds isto estimate the duration of each debt issueand calculate a
face-vaue-weighted average of the durations of the different issues. This value-
weighted duration is then used as a measure of the time to expiration of the
option.
¥ An approximationisto use theface-value weighted maturity of thedebt conveated
to thematurity of the zero-couponbondin theoption pricing modd.

Face Vaue of Debt
When a distressed firm has multiple debt issues outstanding, we have three
choices when it comes to wha we use as theface value of debt:
¥ We could add up the prindpd dueon al of the debt of thefirm and congder it to
be the face value of the hypotheical zero couponbondtha we assume tha the
firm has issued. The limitation of this approach is that it will undestate what the
firm will truly have to pay outover thelife of thedebt, since there will be coupon
payments and interest payments during the period.
¥ At the other extreme, we could add the expected interest and coupon payments
tha will come due on the debt to the princdpd payments to come up with a
cumulated face value of debt. Since theinterest payments occur in the near years
and the prindpd payments are dueonly when the debt comes due we are mixing
cash flows up at different points in time when we do this. This is, however, the
simplest approach of dealing with intermediate interest payments coming due
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¥ We can consde only the prindpd dueon the debt as the face value of the debt
and theinterest payments each year, specified as a percent of firm value can take
the place of the dividend yield in the option pricing modd. In effect, each year
tha the firm remainsin existence, we would expect to see the value of the firm
decline by the expected payments on the debt.
[lludration 12: Valuing Equity as an option DEurotunnd in 1997

Eurotunnd was the firm that was created to build and ultimately profit from the
tunnd unde the English Channd, linking England and France. While the tunnd was
readied for opeationsin the early 1990s it was never a commercia success and reported
significant losses each year after opening. In early 1998, Eurotunnéd had a book value of
equity of -£117million, and in 1997,the firm had reported earningsbefore interest and
taxes of -£345 million and net income of -£611 million on revenues of £456million. By
any measure, it wasafirminfinandal trouble.

Much of thefinanang for the tunnd had come from debt and, at theend of 1997,
Eurotunnd had debt obligaionsin excess of £5000 million, raised from a variety of
bondissues and bank debt. Adding the expected interest payments and couponpayments
on the debt brings the total obligaions of the firm up to £8865 million. Table 8
summarizes the outstanding debt at the firm, with our estimates of the expected duration
for each class of debt.

Table 8: Debt Breakdown for Eurotunnd

Debt Type Face Value (induding cunulated coupon$ Duration
Short term £935 0.50

10 year £ 2435 6.7

20 year £ 3555 126
Longe £ 1940 182

Total £8,.3865 mil 1093 years

Thefirm@ only significant asset is its ownership of thetunnd and we estimated thevalue

of this asset from its expected cash flows and the appropriate cog of capita. The

assumptionswe made were as follows.

1. Revenueswill grow 10% ayear for the next 5 years and 3% a year in perpetuity after
that.

2. The cog of goodssold which was 72% of revenues in 1997 will drop to 60% of
revenues by 2002in linear increments and stay at that level.
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3. Capital spending and depreciation will grow 3% ayear for thenext 5 years. Note tha
the net capital expenditure is negative for each of these years Dwe are assuming that
the firm will be able to not make significant reinvestments for the next 5 years.
Beyondyear 5, capital expenditures will offset depreciation.

4. There are noworking capital requirements.

5. Thedebt ratio, which was 95.35% at the end of 1997, will dropto 70% by 2002 The
cog of debtis 10% for the next 5 years and 8% after tha.

6. The beta for the stock will be 2.00 for the next five years, and drop to 0.8 thereafter
(astheleverage decreases).

Thelongterm bondrate at the time of the valuaion was 6% and the tax rate was 35%

Based on these assumptions, we estimated the cash flows in Table 9.

Table 9: Estimated FCFF: Eurotunné

Terminal
1 2 3 4 S Year

Revenues £50160 | £55176 | £60694 | £66763 | £73439 | £75642
- COGS £36115 | £38071| £40058 | £42061 | £44064 | £45385
- Depreciation £14111 | £14534 | £14970| £15419| £15882 | £16359
EBIT (E066) | £2570 | £5665 | £9283 | £13494 | £13898
- EBIT*t £0.00 £900 | £1983 | £3249 | £4723 £4864
EBIT (1-t) (E066) | £1671 | £3683 | £6034 | £8771 | £9034
+ Depreciation £14111 | £14534 | £14970| £15419| £15882 | £16359
- Capital Spending £4635 | £4774 | £4917 | £5065 | £5217 | £16359
- Chg. Working
Capital £0.00 £000 | £000 | £000 £0.00 £0.00
Free CFto Firm £9410 |£11431|£13736|£16389| £19436 £9034
Termind Value £240266
Present Vaue £8795 | £9986 | £11216| £12508 | £185267
Valueof firm = £227773

Thevaue of the assets of thefirm is£2,278 million.

48



Thefind inputwe estimated was the standad deviationin firm value Since there
are no directly compaable firms, we estimated the standad deviations in Eurotunné
stock and debt usng thedaa over the previousyears.

Standad deviation in Eurotunné stock price (In) =41%

Standad deviation in Eurotunnd bondprice (In) = 17%

We dso estimated a correlation of 0.50 beween Eurotunné stock and bond prices and
the average market debt to capital ratio during the two-year period was 85% Combining
these inputs, we estimated the standard deviationin firm valueto be

"2 =(0.19°(0.49% +(0.89°(0.179° +2(0.15(0.85(0.5)(0.41(0.17) = 0.033E
In summary, theinputto theoption pricing modd were as follows.
Valueof theundelying asset = S= Vaueof thefirm = £2278million

Exercise price = K = Face Value of outstanding debt = £8,865mil
Life of theoption =t = Weighted average duration of debt = 10.93 years

Variance in thevalue of theundelying asset = #2 = Variance in firm value= 0.0335
Risklessrate = r = Treasury bondrate correspondngto optionlife = 6%

Based uponthese inputs, we estimate the following valuefor thecall:

d1 =-0.8582 N(d1) = 0.1955

do = -1.4637 N(d2) = 0.0717

Valueof thecall =2,2780.1959 " 8,865 *****3(0.0717 = $116 million

Eurotunnd's equity wastrading at £150millionin 1997.

The option pricing framework, in addition to yielding a value for Eurotunné
equity, yields some valuable ingght into the drivers of value for this equity. While it is
certainly important tha the firm try to bring cogs unde control and increase opeaating
margins the two mog critical variables determining equity value are the duration of the
debt and the variance in firm value Any action tha increases (decreases) the debt
duration will have a postive (negaive) effect on equity value For indance, when the
French govenment put pressure on the bankers who had lent money to Eurotunné to
ease regtrictionsand allow thefirm more time to repay its debt, equity investors benefited
as thar optionsbecame more longterm. Similarly, an action tha increases the volatility
of expected firm valuewill increase the value of the option.
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Conclusion

Distressed firms, i.e., firms with negative earningsthat are exposd to subdantial
likelihood of failure, present a chdlenge to andysts valuing them because so much of
conventiond valuation is built on the presumption tha firms are going concerns In this
pape, we have examined how both discounted cash flow and relative vaudion dea
(sometimes patially and sometimes not at al) with distress. With discounied cash flow
valuaion, we suggested four ways in which we can incorporate distress into value b
simulationstha alow for the possibility tha afirm will have to be liquidated, modified
discounied cash flow modds, whee the expected cash flows and discount rates are
adjuged to reflect the likelihood of default, separate valuaions of the firm as a going
concern and in distress and adjused present value modds. With relative valuaion, we
can adjug themultiples for distress or use other distressed firms as the comparable firms.

Inthelast pat of the pgper, we examinetwo issues tha may come up when going
from firm value to equity value Thefirst relates to the shifting debt load at these firms,
as the terms of debt get renegotiated and debt sometimes becomes equity. The second
comes from the option characteristics exhibited by equity, especidly in firms with
significant finandal leverage and potential for bankruptcy.
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