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Assessing Default Risk of Israeli Companies Using$tructural Model
Ana Sasi-Brodesky
Abstract

The aim of this study is to assess the default aivitties of public companies and to
explore the extent to which these probabilitiesl@xpbond prices in the market. These
guestions are examined under the framework that praposed by Merton to price
corporate debt, applied on a large number of putdiopanies listed on the Tel Aviv Stock
Exchange in the period 2005-2010. The data is etbesked with a list of companies that
underwent debt repayment difficulties during thetigd, which includes the 2008 financial
crisis. The results show that the model is ableémtify problematic firms some time in
advance, though with significant errors in idecafion. The results also show that default
risk can explain only a small part of the corporated spreads, while other market risks
along with the introduction of bankruptcy cost amptions can contribute considerably to
the explanatory power of the model.



1. INTRODUCTION

This study focuses on the model proposed by Mg18i4) to price corporate debt. It tests
the model's ability to estimate the default probgbof public companies, and evaluates to
what extent this probability explains the market@rof corporate bonds. In the first stage,
the model is applied to a database of companiesevkquity was listed for trading on the
Tel Aviv Stock Exchange (TASE) in 2005-2010, andssrchecks the data with cases of
defaults/debt reorganizations of companies duthigygeriod.

The results indicate that with the help of defgutibabilities derived from the model for
Israeli companies, companies that encounterectdifiies as a result of the 2008 crisis can
be singled out as early as 2006 (2-3 years bef@event itself), but with notable errors in
identification.

However, the Merton Model does not just estimagdéfault probability of a company;
it also proposes a theoretical framework for calting the debt price that reflects this risk.
Therefore, in the second stage, the study also ieesnthe relationship between the spreads
derived from the model and actual bond prices ofesein the market. As in previous
studies, the model spreads obtained are significamballer than those observed in the
market, even when the existence of bankruptcy ésstssumed. For this purpose, the effect
of adding other risk factors on bond spreads iadlswas tested.

Based on the two uses of the model mentioned altogestudy is divided into two parts:
Part 1 describes in detail the Merton model, howas applied in the study, and its success
in forecasting defaul for Israeli companies. Papr@sents the theoretical debt price derived
from the model in Part 1, and how it compares wh#ihbond prices observed in the market.
A Summary of the study is presented at the encadf P

2. ASSESSING DEFAULT PROBABILITY
a. Introduction to Part 1

Part 1 tests the ability of the Merton Model (197d)assess default probability for public
companies. This part is organized as follows: $acf.2 reviews the relevant literature.
Section 2.3 describes the Merton Model in detad drscusses its implementation in the
study. Section 2.4 describes the database usethdostudy. Section 2.5 presents the risk
indices obtained from the model and their ability gredict default events for Israeli

companies.



b. A Review of the Literature

Assessment of a company’s default risk and theceffé that risk on the price of its debt
have been discussed extensively in the reseamtatlire. One of the generally accepted
models for predicting default is Altman’s Z-Scof®§8), which is based on balance sheet
risk indices and historical probabilities of detawilberman, Hachmon, Kahn, and Gur
Gershgoren (2012) found that Altman’s original ixdeas not successful in predicting
default for Israeli companies in 2007-2010. BasadAttman's methodology, they built a
new index for predicting default for non-manufagigr companies in the Israeli bond
market, and obtained better results in discrimngabetween companies that entered into a
debt reorganization and other companies a yeaworhbefore a default event, while the
results of the model one quarter before the evenéwot as good.

Other models rely on bond market prices to predéfault; in these models, the spread
between the return on a corporate bond and thenretn a government bond is taken to
represent the expected loss to the bondholder éiefiault. Empirical studies, however, have
shown that the risk of default, whether theoretarahistorical, explains only a small portion
of the actual observed spreads (Collin-Dufresndd€iein, & Martin (2001), Elton et al.
(2001)). Therefore, attributing the entire spreadi¢fault risk exaggerates the scope of this
risk.

Merton (1974) proposed a structural framework @mtcast to the Altman model, for
example, which does not rely on corporate finartaoity, but proposes variables that an
empirical test shows to be correlated with theitgbib predict default) for assessing and
pricing a company’s risk of default and evaluatthg expected loss to the debt holders,
which relies on the theoretical basis of optioreotly. Black and Scholes (1973) and Merton
(1973) developed a relatively simple formula foicpprg options. As will be demonstrated
later in the paper, they pointed out the similafligtween a company's payoffs to its
creditors and equity holders and the payoffs frading options on the company’s assets,
thereby laying the foundations for the Merton Mo({lEd74) discussed in this article. This
model continues to serve as the most well-knownlasic structural model for evaluating
company debt and, to the best of my knowledge tteongt has yet been published to apply
it to market data in Israel.

Tudela and Young (2003) applied an expanded versidhe Merton model—in which
default can occur at any stage during the lifespanhe debt, not only at maturity as

assumed in the original model—to non-financial camips in the UK in 1990-2001. They



concluded that the model discriminates rather Wwetiveen companies that defaulted and
those that did not a year before the event, wilatively small errors of classifying
companies in the wrong group.

Geske (1977) also developed an expanded model baskkkrton's Model, which makes
it possible to price coupon-paying bonds. Deliaa&liGeske (2003) applied this model to a
sample of 600-1,000 American companies in 1988-1888 showed that the risk indices
obtained from the model can predict rating migradief the issuing company. Moody’s
KMV (hereafter — “MKMV"), one of the world’s largésating companies, has adopted the
model’s theoretical framework with its own additsofCrosbie and Bohn (2003)) and uses it

for daily tracking of default risks of companie®and the world.

c. The Merton Structural Model for Assessing CreditRisk of Public Companies
1. Background

The model proposed by Merton (1974) describes alsimompany structure, under which
the market value of the company's assets (V) edhalsmarket value of its equity (S)
together with the market value of its debt (D), enthe assumption that all the debt is paid

off at a single date in T years, and the debt de¢pay coupons:
(1) V=S+D

The risk of default is due to the fact that the pamy’s assets, V, are subject to a
stochastic process. This process is describedeimibdel by a random walk, similar to the

path of the return on equity in the Black and Sebkaption pricing model:
© ?/—detmvg\/a £~ N (0])

Since the future value of the company’s assetsiligest to uncertainty, the company’s
ability to repay its debt at maturity is not centaAs we can see in Figure 1, the proceeds
from holding the company’s equity, S, are comparedholding a call option on the

company’s assets ,V, with a strike price equah#ftaice value of its debt, B.



Figure 1: Payment to the Equity holders

B V.,

If the value of the company’s assets at maturitiess than its debt liabilities/{ < B),
then the equity holders receive nothing, and @&ldbmpany’s assets go to the creditors. On
the other hand, if the company has sufficient asgeineet its obligationd/{ > B), then the

equity holders receive all the assets that arealiéér the debt is paid, and the company is
liquidated. It therefore follows that the paymemt the equity holders at time T
ismax{/; —B,0).
In a world in which:
a. The capital markets are perfect — there are nosacion costs or taxes, and all
individuals have free access to all existing infation;
b. A default event incurs no accompanying costs othan a decline in the value of the
company’s assets;
c. Allindividuals can borrow and short sell with nestrictions;
The Black and Scholes option pricing formula canused to describe at any given
moment the relationship between the company’s gqailue, the market value of its assets,

and the standard deviation of those assets, asvsill
3 s=VN(d,)-Be "N(d,)"

In(V /B)+(r;; + %O'\f)T

d. =
' oy T
d,=d, —o, VT

The company’s assets have an average retugn(iof a risk-averse worldyu >r, ), and

this return has a normal probability distributiomganing that V, the company’s assets, has a

1 N() denotes the cumulative probability functiortioé standard normal probability distribution.
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lognormal probability distribution. The followindhart depicts the probability distribution of
the company’s assets at time T:

Figure 2: The Probability Distribution of the Company’s Assets at Time T

. . . |
Risk Adjusted [efault Probabilit A Risk Neutral Default Probabilify
[ 1l

»
'\

Figure 2 presents two probability distributions #ér One is the distribution assuming
that the return on the assets is equak,t@and is shown by a solid line. The second is the

distribution assuming that the expected return sgets isr f T, and is shown by a dotted

line. This probability, called the risk neutral delt probability (RNDP), equals
1-N(dp)=N(-do), wheredy is taken from Equation (3) above. In order to obthe
"true” probability of default, the assumption ofeturn equal to the risk-free interest rate

should be replaced by the true return on the ggsening that the risk-adjusted probability
of default is:

In(V/B)+(y—%o-\f)T

(4) —d#)=N| -
N(-d;)=N o T

2. Application of the Model

Before applying the model to the data, we must eéxam number of assumptions upon
which the model is based that may turn out to ba&blpmatic. | will also discuss the

limitations concerning the availability of the data



One of the main parameters that affect the reduth® calculation of equation 3 and
influence the derived value of V, is the selectodiB—the face value of the company's debt.
In the Merton Model, this value is simply equalthe total company debt which, based on
the model's assumptions, does not pay couponssgraid off at a single date, T. However,
in reality, companies generally issue debt thatsgasriodic coupons and that is issued for
various maturity ranges, and that debt is distaduamong creditors with a certain order of
preference.

In addition, since the company needs to meet coygayments throughout the debt's
lifespan, a default may happen before T if the camypis unable to meet one of the
payments. Alternatively, and as opposed to whdegcribed in the model, in certain cases,
creditors initiate a takeover of the company wheeytfear that the company's assets are
insufficient for repaying the debt and that the pamy has low chances of increasing its
assets to a sufficient level by the maturity date.

So how can we deal with this problematic nature?MWKclaims that in order to obtain
the best performance of the model in actuality, ti@st appropriate value for B is the
company's total current debt and half of its loag¥t debt (including expected interest
payments). In addition, MKMV does not look at thebtl maturity date, but calculates the
probability derived from the model for a seriegages — one year, two years, etc. In other
studies based on the structural model, the valuB &f set endogenously as part of the
model's solution. In order to deal with the problehmultiple maturity dates, Geske (1977)
proposed specifying the debt coupon payments apaonad options. However, Geske and
Delianedis (2003) found that the default probapidjenerated by the original simple model
that has only non-coupon debt with a single matutdte is not materially different from the
probability generated by the Geske (1977) modeldahaws for a number of maturity dates.

In order to stick to the theoretical lines of thiggmal model, and in light of the findings
of Geske and Delianedis, | have chosen to specdg Be face value of total company debt,
without coupon payments, redeemed at a single dateyhich is set to be equal to the
duration of the debt.

Another problem in applying the model is the fawttthe return on the assets,is
unknown. There are methods in the literature thengt to calculate this return. For
instance, MKMV simultaneously assesses the sefie®mpany assets, V, their retunm,

and the standard deviation of the asssis,



In this study, | have chosen not to attempt to mess, and instead to look at the risk-
neutral probability distribution of V—RNDP—assumititat the return on the assets is the
risk-free return. In the "real", risk adjusted whrRNDP will always constitute an upper
bound for the real probability of default. Even tigb | calculate the risk-neutral default
probability, there is a basis to assume that RNDRtains information of relevance for
default risk adjusted to the company’s credit riskparticular, when comparing companies
with similar characteristics from the same indastsectors, in which it is reasonable to
assume that the return on their assets is simalahjgher RNDP will correspond to a
company with a higher probability of default. Indéttbn, RNDP and the "true" probability
of default respond similarly to changes in the canmys characteristics: both rise with an
increase in the standard deviation of the asseta ose in liabilities, and fall with an
increase in the company’s assets or a rise iniskenee interest rate. In addition, Delianedis
and Geske (2003) showed that RNDP enables the ctimdiof future changes in the
company's credit risk (a change in rating or defaul

In the event that all of the company’s debt is éxhth the market and D is known, V can

then be directly derived from Equation (1), ang can be derived from Equation (3),
leading to RNDP. However, when not all of the dslitaded, both V and,, are unknown,

and Equation (3) itself is not sufficient to extrahe RNDP. | have therefore used the

company's stock data in order to deswe Since the equity value in the model is a function

of the assets, which are distributed accordindghéodutline in Equation (2), the use of Ito's
Lemma, which makes it possible to find the différ@nof a function of a random variable,

generates the following connection:

S V Vv
G o, = <oy =N(d) goy

Equation (5) shows the instantaneous connectiondsst the standard deviation of the
equity and the standard deviation of the assedessribed by Jones et al (1984).

The dy value from Equation (4) is also called DistanceDefault (DD), since it

describes the "quantity" of standard deviationsveeh the company's current situation and
a default situation. According to the model's agstion, this value is normally distributed.
MKMV claims that the assumption of normal distrilomt does not properly describe the
actual default distribution. In particular, thegich that in historical data, we can see that the
default probability distribution as a function betDD value has a longer tail than that of the



normal distribution. For this reason, MKMV usestbigal default data to find the default
probability for each DD value (Crosbie and BohnQ2)). MKMV asserts that this mapping
is a one-to-one correspondence, i.e. the defaMtfactor derived from the model contains
full information about the company’s default riskith no adjustment being necessary for
the sector, company size, or geographic locationceSI have no historical data on the
connection between DD and default, | am continumghe framework of the original
model, assuming normal distribution of DD. Since MY found that the mapping between
the theoretical probability and the historical disition is a one-to-one correspondence, the
theoretical probability should provide ordinal infeation regarding the default risk ("which
company is more at risk") even if it is not cardifiais impossible to relate to theoretical

probability level as equal to actual probabilitydefault).

3. The Database

The database used to test the model in this staclydes 277 public companies whose
stocks were traded on the TASE in January 2004-20B0. The final sample includes
companies that meet the minimal liquidity conditiean average of at least six trading days
per month, a limitation which shrinks the datablage&0 percent. The sample includes only
companies with public debt—even though bond dateotsnecessary in order to assess the
model—because the default / reorganization podudes only companies where at least
part of their debt is held by the public. 2004 wased only for estimation of the equity's
volatility, not for the subsequent tests and regjoess, which were conducted for the January
2005-July 2010 period. There were no companies h@ sample that entered debt
reorganization before 2008.

The companies' quarterly and yearly balance shatet dp until 2008 appear in the
Duchas system, while after that, the data appetirarMagna system, excluding companies
from the banking and insurance sectdrotal debt, B, equals the company’s total current
and long-term liabilities, according to the diséassin the previous section. Time to
maturity, T, equals the MacCauley duration cal@dafior current and long-term liabilities
under the assumption that the current liabilitiél lve repaid within six months (the middle
of the period to which the current liabilities rgfeand the long-term liabilities will be paid
in four years. This calculation of the duration mskt possible to distinguish between a

company with large current liabilities and few letegm liabilities, which is more risky in

2 |n addition, the accounting data do not includeldisted companies since the switch to internation
accounting standards, i.e. in the fourth quarte2Qif7 or the beginning of 2008.
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the short term, and a company with the same tatailities, but a larger proportion of long-
term liabilities. The selection of four years ae thaturity of the long-term liabilities is to a
large extent arbitrary, because there is no avVaildata for the maturity of the non-traded
part of the debt. At the same time, a test was ucted to see how much effect this decision
has on the results, and alternative terms to ntgtémr long-term liabilities were tried.
While the decision regarding the term to maturifytlee long-term liabilities affects the
probabilities of default obtained from the modeldaoes not affect the degree of success in
discriminating between problematic companies aabistones (see Figure 4b below).

The market value of the company's equity is takemfTASE trading figures, and the
annual standard deviation of equity,s, is estimated using an Exponentially Weighted

Moving Average (EWMA), with a decay factor (alsdled the smoothing constant) of 0.88.
The estimation of the standard deviation is basethe weekly returns on each company's
equity. This calculation tacitly assumes that tkpeeted return is zero. The decay factor
was estimated using maximum likelihood method anwvileekly return on the Tel Aviv 25
Index (the 25 stocks with the highest market valoehe Tel Aviv Stock Exchange) from
January 2004- July 20£0n accordance with the sample period, and is tse$timate the

standard deviation of all the companies in the damp

6) O-é,t = Ao é,t—l +(@1- ﬁ')ug,t—l
A =088

Where o, is the standard deviation of equity and is the return.

In contrast, MKMV gives greater weight to the hrstaeturns on equity in determining
the volatility: the standard deviation of equityr fdS and Europe based companies is
estimated using weekly returns of the past thresrsyeand for other geographic regions
using five years of monthly returns. Calculating standard deviation using the EWMA
model makes it possible to give greater weightetent developments in the stock market
and to derive the investors’ most up-to-date exgigmis, while the historical calculation
used at MKMV gives greater weight to the comparigisg-term performance. Later, we
will see from the results that the market bond gi& indeed affected to a great extent by
developments in the stock market, and respondbdages in risk in this market. The risk-

free interest rate is taken from the zero yieldrewalculated at the Bank of Israel.

3 For further explanation of the methods of estingtitandard deviation, see J.C. Hull, “OptionsuFes, and
Other Derivatives,” Chapter 15.
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Up until July 2010, 35 companies in the databaskdmnounced difficulties in meeting
their debt obligation8.The date of default was selected as the earlfet)a delay in the
payment of interest; (2) a petition by the compamyissue a stay of proceedings; (3) a
demand by the bondholders for immediate repaymetitenodebt; (4) an announcement by
the company that it wishes to negotiate with thedbmlders on debt reorganization; or (5)
the appointment of a bondholders delegation for ghgpose of negotiation. All of the
default events in the sample took place from 2008ards. As of July 2012, five of the 35
companies had reached liquidation/deletion, whihe tother thirty had reached a
reorganization of debt agreement with the creditdlsgotiations on debt reorganization
lasted an average of a year and a half. Most of ciipanies continued to publish
statements, and trading in their equity continueeheafter notice of their difficulties. Even
so, | have excluded these companies from the saaiplleis stage, since trading was not
always continuous, and since the stock price redtecinter alia, various expectations
concerning the results of the negotiations, andusitthe state of the company's assets.

Figure 3: The Probability Distribution of the Companies in the Sample

120
o7 - 100
O All companies
- 80
71
64
B Companies that | 60
entered
reorganization 44
- 40
19
- 20
3
1
0 | I | e 0
Oil and Natural Investments and Industry Real Estate and Retail Trade and
Gas Exploration Holdings Construction Services

* One of the companies is omitted because it didhage enough observations. A list of the compattias
encountered difficulties is found in Appendix 2.
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4. The Model's Ability to Identify Companies thatdraEncountered Difficulty Repaying
Their Debt

In this section, | tested whether the risk indicdgained from the model, primarily the

RNDP, indicate rising credit risk, and how longadvance the index changes enough to
indicate a problem. Table 1 displays the basiassted with respect to the results of the
model, while Figures 4A and 4B below present theliare and the average of RNDP over

the sample period.

Table 1: Basic Statistics of the Sample Observatien

Average Median Standard Deviation
Assets (Millions of NIS) 3,347 467 9,859
Leverage@Be ™" /V ) 0.70 0.68 1.04
Standard Deviation in Assets 0.24 0.16 0.38
RNDP 12.96% 2.87% 21.36%

This table presents the basic statistics with retsfmethe results of the RNDP estimate. The asstdsdard
deviation in assets and RNDP are estimated witiémtodel.

Figure 4A: Development of RNDP Median and Average @er Time
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Figure 4B: Sensitivity of the RNDP Median to the Tem to Maturity of Long-Term
Liabilities
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The number of companies in the group of comparhes éntered into reorganization
declined consistently after October 2008 (oncemapamy entered into reorganization, it was
removed from the sample), so that the last observat the chart, in March 2010, actually
includes only two companies. The charts show thatisk indices did rise markedly around
the peak crisis period. The indices rose for theugrof companies that entered into
reorganization and for the other companies as welkhddition, the gaps in levels between
the two groups widened during the crisis.

Figure 4B displays the sensitivity of the RNDP cédtion to the term to maturity of the
long-term liabilities (as discussed in Section df2his article). We can see that extending
the term to maturity increases the probabilitylfoth groups, and shortening it decreases the
probability. At the same time, the chart clearlpwi that the model’s ability to discriminate
between the two groups is not affected by the seleof the term to maturity of long-term
liabilities, as reflected in the statistical tegtesented later on.

In order to check whether the model is successfuliscriminating between companies
that entered into difficulties and those that dad, the RNDP levels of all companies were
checked for December 2006, December 2007, and DeaeR®08, while a majority of the
companies in the sample announced that they weraddifficulties during 20009.

A non-parametric test was conducted to check tipotmesis that the RNDP values of the

companies that entered into difficulties were higtien the corresponding values of the
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companies that did not enter into difficulties (thann-Whitney U test). For the entire
sample, the results of this test were significantalll three periods: at the end of 2006, at the
end of 2007, and at the end of 2008. When conduatéyl for the real estate sector, the
results of this test were significant only for Dedzer 2007.

Table 2: Mann-Whitney U Test

The entire sample Real Estate
Observations p- p-
(entered / did not enter into difficulties) value Observations value
December 20(C 29/189 0.00 17/59 0.18
December 20(C 31/214 0.00 18/69 0.09
December 20(C 28/230 0.00 15/75 0.18

This table presents the results of the non-paraertest (i.e. there is no assumption regardingdi&ibution of
probability of the observations in the sample).sTteist was conducted to check the hypothesis tieaRNDP
values of the companies that entered into diffiealtwhere higher than the corresponding valueshef t
companies that did not enter into difficulties (Mawhitney U test). The test was conducted at thliferent
points in time — two years before the crisis, oearybefore it, and during it. The two left-hand wohs
reconstruct the test for companies in the reaktestctor only.

At this stage, a logit regression was run for thheaty variable of entering into debt
repayment difficulties. The regression was run ghtames, each time with a single
explanatory variable — the company’s RNDP in DecemP006, December 2007, and
December 2008.

Table 3: Results of the Logit Regression

What does the RNDP need to be

RNDP so that the chance of encountering
Interceptor coefficient difficulties will be 10 percent?

December 2006 -2.32 3.81 3.29%

P-value 0.000 0.000

Pseudd?®? 0.11

December 2007 -2.45 4.39 5.67%

P-value 0.000 0.000

PseudoR? 0.10

December 2008 -3.24 2.39 43.79%

P-value 0.000 0.000

Pseudd? 0.09

This table presents the results of the logit resioesof RNDP values on the binary variable of emteting or
not encountering debt repayment difficulties. As eem see, in 2008, the same chance of enteringding
difficulties can be applied to a much higher vatifeRNDP than its value a year or two earlier, agathe
background of an increase in the RNDP values fdyjpés of companies during this period.

As can be seen in the table, in each of the thegeessions, the effect of RNDP on the

probability of entering into difficulties is sigmntant.

® The RNDP values do not have a normal probabiligrithution; they have a positive skewness.
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Next, | assessed the model's ability to discrinr@nagtween companies that entered into
difficulties and those that did not. For this pusppl examined Type | errors (the number of
companies that entered into reorganization butttimodel classified as safe) and Type I
errors (the number of companies that did not eintier reorganization, but that the model
classified as problematic companies) made by thdemat different levels of “decision
rules,” and in different periods. Table 4 displdlys results of the test, in which a different
threshold of the RNDP distribution was selectecheame as the “decision rule.” When a
smaller proportion of the distribution (higher thineld) was considered to include

problematic companies, there were more Type | ger@ad fewer Type Il errors.

Table 4A: Results of the Test of the Model’s Discnninatory Ability (percent)

Threshold
Sample Type of Error 50% 40% 30%
I 20.7 27.6 41.4
December 2006 1l 45,5 34.9 25.4
I 20.0 22.6 41.9
December 2007 1l 42.9 34.6 25.7
I 19.4 25.0 39.3
December 2008 1l 43.6 35.7 26.1

This table presents the model's ability to disanaé between safe companies and problematic coegpani
during various periods before the default event. éaxh period, the RNDP observations are dividéal tiwo
groups: The observations in the part of the distiitm above the "decision threshold" are classiféed
problematic companies, and all of the observatibelew the threshold are classified as safe. Laterlo
examined how many companies in each group werekesty classified. A Type | error notes compankes t
the model classified as safe and which entereddefault. A Type Il error notes companies that tinedel
classified as problematic and which did not latezaainter financing difficulties.

The table shows that the best threshold for disoating between safe and problematic
companies was around the upper 40 percent of thieapility distribution. The model's
discriminatory ability was best at the end of 200wt it still incorrectly classified about
one-third of the companies in each group. It isttvaroting that the model's ability to
discriminate is similar to the performance of thienfan index. In particular, Zilberman et
al. (2012) divided the results of the Altman indeto three groups: safe companies, a gray
area, and companies in distress. Assuming thajrnearea of their index is included in the
group of problematic companies, the proportion gpd | errors in the sample was 26.9
percent, and the proportion of Type Il errors wstdercent a year before the crisis. In out-
of-sample forecasting, the proportion of Type besrwas zero, and the proportion of Type
Il errors was 41.3 percent.

The results in the above table show that we caselett a fixed discrimination threshold

in order to distinguish between safe and problesnetimpanies, since during the crisis
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period (end of 2008), the RNDP values increasedifesgntly for all companies in the
sample against the background of uncertainty inciy@tal markets (see Figures 4A and
4B). This phenomenon makes it difficult to analylze chance in a certain company's risk
over time and also makes it difficult to comparéedent companies at various points in
time.

In the third stage, | made a comparison that wended to check whether the Merton
Model predicts default events better than the naiternative—observing the bond yield
spreads during various periods before the defabis examination was done on a smaller
sample than the previous test, a sample of 214 apiap (the database is detailed in Part B
of the article) and is outlined in Table 4B.

Table 4B: Results of the Test of Discriminatory Abity between Companies
By Bond Yields(percent)

Threshold
Sample Type of Error 50% 40% 30%
I 23.1 30.8 53.9
December 2006 Il 457 35.8 27.2
| 28.6 42.9 61.9
December 2007 Il 46.7 37.0 28.9
| 33.3 38.9 50.0
December 2008 Il 47.8 37.7 27.7

This table presents the results of the attemptotechst default events during different periodsboynd
spreads. The bond spreads were taken from TASBEsede During each period, the companies were divide
into two groups by their bond yields during theerehced periods: All of the observations in theritlistion
above the threshold noted in the heading of theinool are classified as problematic companies, ahd al
observations below the threshold are classifiesaés companies. We then examined how many compamies
each group were mistakenly classified. A Type benotes companies that encountered difficultigsvhich

the model classified as safe. A Type Il error na@spanies that did not encounter financing diffies, but
which the model classified as problematic. Sortimg companies by the size of the spread does ketinéo
account the time range to the bond's maturity.

Table 4B shows that when we discriminate among eme@s by bond spreads, the
identification errors are larger than the modelfers, and at best can reach a minimum of
about 40 percent of the observations in each ofgiteeips. In addition, it is easier to
compare between companies in the model than ianagwork based on yield spreads, since
the spreads are not derived only from default riskf also from differences in the
characteristics of the bonds and in their rangaa¢urity, while comparison based on RNDP
is not dependent on these variables.

In summary, it seems that the model is successfidentifying companies liable to enter
into debt repayment difficulties, even two to thgears in advance. At the same time, the

model’'s accuracy is limited, and errors in ideng@fion amount to about 30 percent.
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Furthermore, no fixed threshold of RNDP can be feetthe purpose of discriminating

between problematic companies and stable ones.

3. TO WHAT EXTENT DOES THE DEFAULT PROBABILITY EXPAIN THE PRICES
OF COMPANIES' TRADABLE DEBT?

a. Introduction

As stated, the Merton Model provides both a foreoashe expected value of assets as well
as their distribution at maturity. In other wordbe model estimates the value of the
expected loss to bond holders. Since the distobuti the expected loss is known, it can be
reflected in the current price of debt. Many stsdi@ve focused on the question of whether
the price of debt as derived from the model is lsinto bond prices on the market. Part 2 of
the article attempts to deal with this questionval.

At this point, it is worth noting that the theorsti price does not include a risk premium,
since the model assumes that the investor caneceeportfolio that is completely risk-free
by combining the company's equity and debt in g#se=gportfolio and the ability to purchase
and short sell from both of these assets.

This part of the article is structured as folloBgction 3.2 reviews the relevant literature.
Section 3.3 outlines the theoretical price of didrived from the model. Section 3.4 shows
how the addition of bankruptcy costs influences phejected price. Section 3.5 tests the
connection between the model spread and the mspkead on corporate bonds. Section 3.6
focuses on companies for which the debt value ddrivom the model more closely follows

actual bond prices. A summary of the article appaathe end of Part 2.

b. A Review of the Literature

There is broad agreement in the literature théthénsimple framework of the Merton model,
its forecasts of the corporate bond spreads (tfiereince in yield vs the risk-free interest
rate) are markedly lower than what is observedracfce (Jones, Mason and Rosenfield
(1984); Kim, Ramaswamy and Sundaresan (1993)). fEliglt is not unique to the structural
model: the use of historical default distributioasd losses due to default leads to the
conclusion that default risk alone explains lesmntlone-fifth of the spreads observed on
bonds in the market (Elton et al. (2001)).

The attempts to deal with this result can be did&o two groups: expanding the

Merton Model such that it evaluates larger lossdsondholders, for instance by accounting
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for the complex structure of the debt (Geske (197GYy adding interest rate risk (Kim,
Ramaswamy and Sundaresan (1993)), or by addingr @hdogenous variables that
influence the default probability—such as making ttebt structure and timing of default
internal decisions made by the company (Leland &oiftl (1996)). Alternatively, there are
studies that do not attempt to increase the sprdadged from the model. As such, they
agree that the default risk cannot fully explaie 8preads in practice, and they claim that
some of the spread can be explained by other tiskis bondholders have—bankruptcy
costs, taxes or lack of liquidity (Delianedis andste (2001)). This study assesses the two

types of attempts at dealing with the problem ofleigpreads being too small.

c. Deriving the Theoretical Price in the Merton Mockl
Let us again observe Equation (1):
(1) v=s+D

If we organize the elements of the equation diffdye we find that D, the market price
of the debt, equals V, the market price of thetasseinus S, the market price of the equity.
Another way of looking at the price of the debtthe debt excluding the risk of default,
minus the insurance premium that the debt holdenldvbhave to pay in order to insure
herself against that risk.

(7) D=V-S=VN(-d)+ Be "N(d,)=Be ™ - P
P =-VN(-d,)+Be " N(-d,)

Consequently, the model spread on the companyslidgéidities derived from the model

equals:

) yT—f=—%ln(%)—r:_iln[ D ]

T Be "

Wherey; is the yield to maturity on debt maturing in T s®a

For the sake of comparison between the model spraad bond prices in the market, |
used a database that included the market datalftmded bonds in Israel for the period
January 2005-July 2010. The sample was restricdeddude only simple CPI-linked or
nominal corporate bonds (excluding convertible knohulti-maturity bonds, etc.). The
market spread is equal to the difference betweeryidld to maturity of the bond and the
corresponding yield according to the bond durafirem the zero curve (nominal or real,
depending on the bond’s linkage features). If thegany had issued more than one series
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of bonds that had not yet been paid up, the maketad was taken as the weighted average
(according to the size of the issue) of the spreddise company’s various bond issues. 214
companies remained after cross-checking with theptaused for the calculation of default
probabilities. The rating assigned to the comparas whe highest rating between the
company'’s different issues.

The model spread of the debt was derived from Egug8) above, where the risk-free
interest rate was obtained, as before, from theimalnzero curve calculated at the Bank of
Israel. Note that the model spread refers simuttasly to all the company’s liabilities. The
model spread is, therefore, an average of the @pr@a the various series of the company’s
bonds and of the outstanding non-traded debt. T$@ay of the model spreads was not
grouped by duration because this duration doesegaal the real duration of the debt,
regarding which there is no data. In contrast,rda spread is presented by duration, since
the duration of the part of the debt that is trade®nown. The distribution of the market
spread by duration is presented in four categovigs, the duration rounded to the nearest
whole number, where bonds with duration of morentfwaur years are included in the four-
year group.

The following table displays a comparison of thedrae of the spreads, both market and
model, according to rating groups. The standardatiems of the spreads for each rating

group are also displayed.

Table 5A: The Median Market and Model Spreads, Firs Panel
(January 2005-December 2007(percent)

Rating

AAA — AA- Below A+ Not rated
Market median 1 year duration No observations 2.42 4.72
Market median 2 years duration 0.69 2.07 3.19
Market median 3 years duration 0.82 1.62 3.39
Market median 4 years duration 1.08 1.66 3.27
Total median 1.05 1.69 3.33
Standard deviation 0.30 0.98 5.39
Model median,t, = 4 0.01 0.07 0.12
Model standard deviation 0.78 1.84 12.90
Model's explanatory ability 1.12 4.09 3.51
Model median,t, - 3 0.00 0.03 0.07
Model median,To =5 0.02 0.11 0.18
Model median,t, =10 0.08 0.31 0.46
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Table 5B: The Median of the Market and Model Spread, Second Panel

(January 2008-June 2010jpercent)

Rating

AAA — AA- Below A+ Not rated
Market median 1 year duration 1.70 11.27 13.82
Market median 2 years duration 1.38 5.62 15.83
Market median 3 years duration 1.68 6.26 13.89
Market media 4 years duration 2.10 3.99 8.28
Total median 2.05 5.14 13.69
Standard deviation 2.23 13.66 26.80
Model median,t, = 4 0.10 0.25 0.39
Model standard deviation 5.75 10.95 20.94
Model's explanatory ability 4.96 4.92 2.82
Model median,t, -3 0.06 0.16 0.25
Model median,T, =5 0.14 0.34 0.52
Model median,t, =10 0.26 0.74 1.08

Tables 5A and 5B:These two tables present the median values ahtieel spreads and of the actual spreads
by rating groups and by duration. The table divitls medians into two periods, from January 2005 to
December 2007, and from January 2008 to June 28&(ériod that included the crisis). The tablendsuoff

the duration of the bonds to the nearest whole mumbhere all bonds with duration of longer thaarfgears
are included in the four-year group. The three dmtrows of each table present the results of thdemno
spreads under various assumptions regarding tregioiirof the debt—by changing the time to matuoityhe
company's long-term liabilities.

The following figure displays the development o timedian spreads over time, both the
market spreads and the model spreads derived freimmodel, according to rating categories
and not according to duration. The high rating gattg includes companies that were rated
higher than BB+ during most of the sample periotjcW in effect includes all the rated
companies (there were specific observations in lwiie rating was lower). The lower
rating category includes all the other companigs,dompanies that actually had no rating

for most of the sample period.
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Figure 5: Development of the Model Spreads and Mart Spreads Over Time
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From the tables and the chart, we can see thaspreads derived from the model are
considerably smaller than the spreads observeteimarket. Furthermore, the difference in
percentages between the model spreads and the¢ syoteads is greater when the quality of
the debt is lower. The standard deviation is mumigdr, relatively, among the model
observations, and is of the same level as the magkeads, despite the difference in the
values themselves. When we examine what percenfailie actual spread is explained by
the model spread, we see that this explanation doegxceed 5 percent in most of the
columns, while the explanation is slightly bettarthe groups of rated companies in the
second panel, and is especially poor for the higtasg group in the first panel. The chart
indicates a resemblance in the development of théeinspreads and market spreads over
time: the correlation in the two groups between rtiedian market spread and the median
model spread stands at 0.9. During the crisis, aresee that, in contrast to what happened
to the market spreads, the model spread in thepgobuated companies reached a higher
peak than in the group of unrated companies.

It is worth noting that the results obtained frohe tMerton Model do not differ in
magnitude from the spreads derived from the hisdbrdefault distribution. In particular,
Elton et al. (2001), relying on the historical ddfaevents in the US, found that the average
spread of A-rated companies for a one-year mafudayived solely from the risk of default,
should be 0.04 percent, while the spread on BBBdrabmpanies (equivalent to a AAA-AA

rating in Israel, according to S&P) should equallQpercent.
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So what are the inputs required so that the mogleéigites spreads similar in magnitude
to the actual spreads? | conducted a simulatioh ¢dhkulated the standard deviations
required for assets and equity in order to obtainleh spreads equal to the actual spreads. |
assumed that the market spread of the companytsisiéle correct spread for all of its
liabilities, and obtained a new theoretical mankatue for the entire debt. | then obtained
the new market value of the assets from a scherttasofheoretical market value of the debt
and the market value of the equity (according tadign (1)). Using Equation (3), |

obtained the implied standard deviation of the tasse, . | then calculated the required
standard deviation of the equity; ¢, from Equation (5). The average standard devigton
equity, o, equals 57 percent for all the companies in timepéa, with a standard deviation
of 42 percent. On the other hand, the average nejgtandard deviation of equity; s,

equals 168 percent, with a standard deviation af gércent, i.e. the standard deviations
obtained in the simulation are much larger andveoy reasonable.

It therefore seems that the simple framework ofrtteelel cannot generate spreads that
are similar to those seen in the market, and thalotso, we need to expand the model or

take other risk factors into account.

d. Partial Repayment of the Debt to the Bondholderen Case of Bankruptcy
1. Background

Calculation of the model spreads relies on theraption that when a company reaches a
state of default, the debt holders take over thmpamy and receive the full value of its
remaining assets, or the value of the assets @amegng to their relative claim on the debt.
In practice, when a company goes into liquidatmmn a situation in which negotiations are
conducted for repayment of the debt, the debt msldiese a certain proportion of the
company’s assets as a “deadweight loss” — paymentsustees and lawyers, and the
decrease in the company’s value at time of liquiaversus its value when the company
was active. In addition, sometimes bondholders aloreceive the full relative value of the
company’s assets because of obligations to otleglitors that get higher priority than the
bondholders.

It seems that in the eyes of bondholders, the vafla® active company is higher than the
value of an insolvent company, i.e. it is higharthhe value of all of its tangible assets. We
can find evidence of this in the fact that the detitlers generally prefer a debt arrangement
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with the company's ownership over liquidation. Asloly 2012, most of the companies in
the sample that had announced difficulties hadhegclebt arrangements with bondholders.
(These arrangements are known as "haircuts" sineg include some deletion of the
company's liabilities to its creditors). Just fm@mpanies in the sample had reached the state
of liquidation, 15 percent of all companies. It see therefore, that in most of the cases, the
bondholders would rather agree to shrink the corwyipdiabilities and enable it to continue
operating instead of liquidating. This phenomenbpreferring a "haircut” over liquidation
is not unique to the Israeli market. According Widence from the US market, in a situation
of negotiation on the debt terms, the debt holderapromise on a value of 50-80% of the
original obligations (Franks and Torous (1994)stAdy on a number of countries in eastern
Asia reached similar conclusions. The study loo&kthe phenomenon of bankruptcy and
debt arrangements during the crisis that took pilaeee in 1997 and 1998, and found that 83
companies in the sample filed a request to ligeidathile 561 companies reached an
agreement with their creditors (Claessens et &30 The ratio obtained is slightly lower
than the current sample: 13 percent. This phenomarsiifies the claim that some of the
company's assets "get lost" when the company lagesd

| tested how the debt price was affected when hgotky costs were added to the model
in two ways: relative costs and fixed costs. Theses are described in the next two sections

accordingly.
2. Bankruptcy costs

Following the study of Delianedis and Geske (200&agd to the model bankruptcy costs, C,
with the following specification:

(9) VT>B C:{ 0
V; <B 1-a)V

Meaning that the payments to the bondholders, gakiankruptcy costs into account,

appear as follows:
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Figure 6: Payment to Bondholders Taking BankruptcyCosts Into Account

B V.

The burden of bankruptcy costs falls entirely oa debt holders, and does not affect the
payments to the equity holders. It therefore damsaffect the calculation of the company
value, V, or the calculation of the probabilityddfault in the preceding section of the study.

However, it does have an effect on the value ofitiat:

(10) DZV—S—CZBeirT—P

a

P =-aVN(-d,)+ Be " N(-d,)

a

3. Order of Priorities of the Bondholders

Alternatively, in the absence of available datacssning the company’s debt structure,
including the priority order of its various credio | will assume the extreme case: the
bondholders have the lowest priority among all itoedl of the company, meaning that even
when the company, after declaring bankruptcy, hpssitive value, the bondholders can be
left with nothing. The following chart describesetipayment to the bondholders in this

situation:

Figure 7: The Payment to the Bondholders under thé&ssumption that the Public Debt
Has Lower Priority than All the Other Creditors
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As previously, the change does not affect the comppalue, V. The effect on the value
of the bondholders’ debt is calculated as follows:

Dbond =V - Dother - S=C(V!Bother )_ S =
an - VN (K - Baw e TN (Ky) SN (dy) + Be TN (d)

NV /B )+ (1 + 5 0T

oy T
k, =k, —o, T

k, =

where the symboC(V, B, refers to the value of a call option on the undedyasset,

V, with a strike price ofg

other

4. Testing the Effect of Bankruptcy Costs/Order obfties on the Model Spreads

The following charts display a comparison of thedraas of the spreads in the market and
the medians of the model spreads obtained as &k oésulding bankruptcy costs or payment

to other debt holders. Adding bankruptcy costsispldyed for a number of possible levels
ofa:
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Figure 8A: Development of the Theoretical and Marké Spreads Depending onx and

on Creditors Priority Rules, High Rating
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Figure 8B: Development of the Theoretical and MarkeSpreads Depending onx and

on Creditors Priority Rules, Low Rating
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Figures 8A and 8B display the spreads derived fttmenmodel for different values af,
and also for the assumption that the bondholdexbt Has the lowest priority, while in the
extreme situation, the results are displayed utitkerassumption that in a liquidation, the
debt holders receive nothing, i.e. = 0, and the bankruptcy costs amount to 100% @f th

value of the remaining assets. Since the defaktisi the only risk to the bondholders in the

26



model, a situation of maximal bankruptcy costs titutes an upper bound for the derived

market spread, meaning that even if we have m@eig® information about the priorities of

the company’s creditors, the spread on the vardrlst issues cannot exceed the model
spread in a case af =0.

We can see that adding an assumption about adalittasts to bondholders in the event
of liquidation leads to different outcomes for tia® rating groups: for the group of unrated
companies, even under an assumption of maximalrbptdy costs, the spreads derived
from the model remain lower than the market spreadsn at the peak of the recent crisis.
On the other hand, in the high rating group, uraterassumption of maximal bankruptcy
costs, the spreads derived from the model reachval lof 23 percentage points, 10
percentage points higher than the market spreadsmflar result is obtained for a case
where the bondholders’ debt has the lowest priority

In their study, Delianedis and Geske (2001) examvhat model spreads are obtained
when selecting a value of 60 percentdorThis value represents a 40 percent loss for the
bondholders as a result of bankruptcy and negotiagxpenses and the sharing of assets
with other creditors. They found that the modelespis calculated with such bankruptcy
costs explain only 5 percent of the market spreddsighly rated bonds, and close to 20
percent for medium rated bonds. According to thelculations, the spread for a BBB rating
with bankruptcy costs should be between 0.14 pé&sigerpoints and 0.26 percentage points.

The current sample shows that bankruptcy costsOgbetcent of the company's value

lower the theoretical debt price (the differencésMaen P andP,,) by an amount equal to

2.35 percent of the company's value for comparagsdrabove A+ and 4.26 percent for
unrated companies. By comparison, Almeida and ijol (2007) examined the pricing of
bankruptcy costs in the market and found that hgrtky costs measured according to
historical data lower bond prices by 3.83 percdntampany value for A-rated companies

and 9.54 percent for B-rated companies.

5. Examining the Connection between the Model Spreddlze Corporate Bond Spread

It is therefore clear that the magnitude of theeaps derived from the model are
significantly smaller than the actual spreads foostnof the sample period, even if
bankruptcy costs are added. Nevertheless, it ishwassessing whether the model spreads
can offer an explanation of the changes occurmnthé market spreads over time. For this

purpose, regressions were run on the connectiomelet the median model spread and the
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median market spread. The model spreads useddoeghessions were calculated under the
assumption of 40 percent bankruptcy costs, as skectliearlier. Figures 8A and 8B show
that from the standpoint of magnitude, a loss ofpéfcent leads to spreads similar to the

spreads obtained on the assumption that bondhbttesshas the lowest priority.

Both the actual spread used as the dependent hamalol all explanatory variables

marked with "%" were multiplied by 100 in all thegressions, i.e. they are given in

percentage points. The slope of the term premiurdeined in the regressions as the

difference between the four-year yield and the pea- yield from the nominal zero curve.

Table 6: Regression of Medians According to Ratin@roups®

Explanatory Variable AAA-AA- Below A+ Unrated
Model spread (%) 0.43*4  0.18** | 1.19%* | 0.86%** | 277** | 1.76%**
Yearly risk-free nominal interest (%) -0.32%+f Al 1.67
Term Premium slope (%) -0.01 0.52 0.01
Average monthly standard deviation - - e
on the TA25 (%) 0.03 0.07 0.29
Cumulative monthly yield on the - e .
TA25 (%) 0.02 0.08 0.12
Intercepor 1.41%x | 1.97%* | 2.0€** 1.2 3.37* | -3.62
Observation 67 67 67 67 67 67
R 0.6¢ 0.9C 0.8¢ 0.9: 0.7¢ 0.87

This table shows six regressions of various vagsan the median market spread by rating groupstheo
purpose of the regressions, both the dependerablarand all of the explanatory variables marketh Wb
were multiplied by 100, i.e. they were given inqgartage points.

The explanatory power of all the regressions iseghigh; even when no other explanatory
variable is included other than the model sprehd, éxplanatory ability is between 70
percent and 80 percent. When other macro variaeadded, the’Rises to 90 percent. In
all three rating categories, the correlation betwte median market spread and the median
model spread is around 0.85 for the entire pefidals correlation is much lower when the
sample is restricted to the January 2005-Janud§ périod (without the crisis), and falls to
0.3 for the highest rating group and the unratemligr and to a negligible level for the
medium-rated group. This result is similar to tlatDelianedis and Geske (2001), who
tested the correlation between market spreads amtinspreads for the US in 1991-1998.
The correlations obtained in their study are hidiew the entire period is used and much
lower when the LTCM crisis in the fall of 1998 isobuded from the sample.

We can see that the slope of the zero interestcatee is not significant in any of the
regressions. The return on the Tel Aviv 25 Index fllee most recent month has no
® In this table and in all the following tables diying regression results, ***** and * mean thdte
coefficient is significant at a 1 percent, 5 petcand 10 percent level of significance, respebtive
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significant effect on the market spread, but tis& i the stock market, as reflected in the
average standard deviation in the Tel Aviv 25 Ingtethat month, has a significant effect on

the spread in the expected direction. This effiectdases with the decrease in the quality of
the debt. In addition, in the groups of low-ratedl ainrated companies, after the market
variables are added, the regression intercept@s fbeir significance. In contrast, there

remains a constant element in the high rated corapaimat is not explained by the variables

used in the regression.

The explanatory power of the model for market spgedeclines markedly when we
move to a regression for individual observatiorsteaad of medians. 125 (58 percent) of the
214 companies in the comparison have a signifipasttive correlation between the series
of model spreads and the series of market spréaadsldition, these percentages are higher
for the rated companies (as stated, all higher 8Bm)—71 percent, compared with 44
percent for unrated companies. Appendix 1 showsrétetionship between the market
spread and the spread derived from the model famaber of randomly-selected companies
representing a variety of industrial sectors, comypaizes, and leverage ratios. The
following tables show the results of regressionsiratividual observations of companies,
where each table expands the group of explanatamghles over its predecessor. For the
214 companies in the sample, there are 8,715 cdis@ng in which there are data for both

market spread and model spread.

Table 7A: Regression of Model spread on Market Spad — Effect of the Equity’s
Liquidity and the Company Rating

Explanatory The entire Low Intermediate High High Low rating
Variable sample liquidity liquidity liquidity rating or unrated
Model spread (%) 0.23*** 0.09*** 0.31%** 0.43*** 031+ 0.22%**
Interceptor 7.73%** 10.63*** 9.22%** 2.66%** 3.9 % 11.68***
Observations 8,493 1,418 4,585 2,490 4,297 4,196
R 0.08 0.02 0.09 0.29 0.20 0.06
Average daily

trading volume in

bonds (NIS 1.62 0.21 0.39 4.68 2.9 0.38
million)

Table 7A shows the regression of the model spreath®e market spread, which examines
how the equity's liquidity and the company's delting influence the connection between
the two spreads. A rather low? Bf 8 percent is obtained for the sample as a wi®ie of

the main problems in applying the model lies in thet that calculation of the model is
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greatly influenced by the trading data of the eguithis raises concern that equity with
insufficient trading will cause misevaluation oketstandard deviation of the stock, thereby
leading to misevaluation of the standard deviatérihe assets. In addition to a possible
error in calculating the standard deviation, loading in equity undermines orod the
model’scentraltheoreticalassumptions- the ability to hedgethe risk of holdingoondswith
equity.In orderto makeaneffectivehedgeijt is necessaryo continuously adjust the quantity
of bonds and equity (or options on equity) in tloetfolio. Low trading in equity loosens the
connection described in the model between the ghrdece and the bond price. | therefore
tested whether the share’s degree of liquidityci$féhe relationship between the theoretical
and market spreads. For this purpose, | dividedsdmaple into three groups: companies
with low liquidity in their equity (an average ads than 10 days per month in which trading
in the stock took place), companies with averagaidiity in their equity (10-20 days per
month of trading), and companies with high ligwdiover 20 days per month of trading in
their stocks, meaning that trading took place ewdery). Following the initial filtering of the
data, the sample doesn't include companies wivarage of less than six trading days per
month in the stock. As expected? Bses significantly with higher liquidity in theck.
Furthermore, as we can see in the bottom row ofel'@h, there is a strong correlation
between trading frequency in equity and in bondsnganies in the groups with higher
frequency of trading in equity also have higherrage turnovers in their bonds. Therefore,
other than a more accurate estimation of the stdndaviation, other effects are also
possible here—for example, a lower liquidity premiin the spread on the bonds, or an
increase in the quality of the bond price, reflegtmore up-to-date information.

The connection between the model spread and thkemapread is stronger for high
rated companies (above BB+) than for low rated amcted companies. This result is not
surprising, given the fact that on the averagegdban the high-rated group also have higher
turnovers and a higher frequency of trade in tbempany's equity.

Tables 7B and 7C show the attempts to explain #pelgetween the model and actual

spread by adding market variables and characterisfithe company to the regression.
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Table 7B: Adding Variables Specific to the Company

Explanator
VaFr)iabIe ’ 1 2 3 4 5 6
?ﬁ' /o)de' spread 0.24%%% | 017w 0.23% 0.16%* 0.16%* 0.79%

0
Leverage 2.68*** 2.71%** 2.48%*** 0.12
Log of the value
of company -1.04%** -1.06*** 0.15 -0.82%**
assets
Duration -3.07*** -2.36***
Standard
deviation of -0.41%**
assets (%)
Dummy variable 7.36%** 7 .34%** 5.38*** 5.33*** 4,52%** 3.57**
for low rated debt
Interceptor 4.18%** 2.50%* 12.38*** 10.83*** 13.49* 24.43%*
Observations 8,493 8,493 8,493 8,493 8,493 8,493
R 0.15 0.17 0.16 0.18 0.24 0.34

After adding variables specific to the company, [€atB shows that adding the duration
contributes significantly to the explanatory povadrthe regression. The duration has a
negative impact on the market spread. This makeseseiven the fact that in most rating
categories, the spread curve decreases with timetéematurity (see Tables 5A and 5B). The
strong explanatory power of the duration could be tb the fact that the debt’s term until
maturity in the calculation of the model spread satected arbitrarily, and given more
exact information about the maturity of the comparebt, it would be possible to include
this effect in the calculation of the model spredtie size of the company (logarithm)
usually has a negative impact on the market sprélael.company’s leverage ratio usually
has a positive effect on the market spread. Inrotwds, the effect of leverage on the
company's risk is greater in the market's view timathe model. The significantly positive
impact of the company’s leverage on the probabditglefault, in addition to the effect of
RNDP on this probability, was obtained by Tudela &oung (2003). At the same time,
when the standard deviation of the assets, whionfrary to expectations, receives a
significant negative coefficient, is added to tegression, the leverage ratio loses its effect,
while the effect of the model spread on the maskeéad increases. The default probability
as derived from the Merton Model is particularlynsiéive to the value of the standard
deviation of assets, while the negative coefficenthis variable in the regression indicates
that the market is less sensitive to it.
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Table 7C: Addition of Macro Variables

Explanatory Variable The entire High Low High

sample rating rating liquidity
Model spread (%) 0.62*+* 0.51 %+ 0.65*+* 0.5 %+
Leverage 0.18 0.11 0.03 1.09*
Duration -1.92%** -1.09%** -3.31%** -1.15%**
Standard deviation of assets (%) -0.32%** -0.23*** -0.34%*** -0.16%***
Annual nominal risk-free interest

-0.89*** -0.54%** -0.65* -0.08
rate (%)
Term Premium slope -0.75* -0.73* -0.33 0.54
Cumulative monthly return on the

0.02 0.02 0.06 -0.03

TA25 (%)
Average monthly standard deviation

0.41%+* 0.23** 0.58*** 0.09***
on the TA25 (%)
Dummy variable for low rated debt 6.56***
Interceptor 7.74%* 7.32%* 12.72%** 6.55%+*
Observations 8,493 4,297 4,196 2,170
R 0.41 0.45 0.38 0.45

Tables 7A, 7B and 7C:These three tables show the results of the ragressn individual observations of
market spreads (as opposed to medians of the spasadle saw in Table 6), where gradually otheramqibry
variables are added to the model spread. In additiothe model spreads, Table 7B also firm-specific
variables. In addition to the company charactesstlable 7C also includes macro-economic variables

Adding market variables significantly increases ¢lxplanatory power of the regressions
for the observed spreads, especially for the gmiupigh rated companies, and for bonds
with the most frequently traded equity. The dumati@s a significant negative effect in all
the regressions. The effect of the standard dewiatif the assets is also negative and
significant — a 1 percentage point increase instaadard deviation decreases the projected
market spread by 0.32 percentage points, as imdidat the regression for the entire sample
in Table 7C, while this effect is smaller for higted companies and greater for low rated
ones.

Changes in the standard deviation of the Tel AvvI8dex have a clear economic
significance for the spread: a 1 percentage p@etin the standard deviation in the stock
market increases the market spread of high rated<$by 0.23 percentage points and the
spread of low rated bonds by 0.58 percentage pdhstsvith the regressions on the medians
in Table 6, the slope of the term premium has rgniBcant effect in most of the
regressions, other than for high rated bonds. Tieyear risk-free interest rate has a
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significant negative impact in almost all the resgiens, meaning that when the risk-free
interest rate rises, the spread between it anglihe on corporate bonds narrows. Longstaff
and Shwartz (1995) and Dufee (1998) also found gatinee connection between market
bond spreads and interest rates.

The regressions show that the risks affecting tthekamarket and the interest rate risk are
important in explaining bond prices. In the themadtframework of the Merton Model (and
in options theory in general), the risk of defaaftthe company can be eliminated by
maintaining an investment portfolio with suitableojportions of stocks and debt, and by
continuously adjusting these proportions, with plssibility of borrowing and short selling
in a sophisticated market. In other words, therenastheoretical justification for the
existence of a risk premium. Obviously, these agdioms are not fulfilled in the real
market; in particular, trading in stocks and borgsot continuous, and features a lack of
liquidity. For this reason, it is possible that soof the market spread in bonds is due to the
premium required by investment managers, givernr thability to completely eliminate the
risk of default.

The tables also indicate that the spreads for éie derived from the model have some
ability to explain the bond spreads in the marketthe same time, while the coefficient of
the model spread is significant in most of the esgions, it has little economic explanatory
value for the market spreads, especially consigettie differences in magnitude between

the model spreads and the market spreads.

6. What Characterizes the Companies Whose Debt Brazered from the Model Behaves
Similarly to the Market Price of the Debt?

In this section of the study, | concentrated ongraup of companies that exhibit a stronger
link between the theoretical debt price and theketadebt price, in order to see what
characterizes this group and distinguishes it ftloenother companies.

For this purpose, | selected companies with a bhelation between the actual market
spreads on bonds and the predicted spreads (datimmegreater than 0.75). 43 companies

met this criterion. The following table shows a aenof characteristics of these companies:
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Table 8: Characteristics of Companies for Which theModel Prices Debt Similar to the

Market Price

Average Standard Average
in the Deviation in in the
population the sample group
Asset value (NIS million) 3,905.1 9,917.8 7,414.5
Total face value liabilities (NIS million) 3,133.7 9,673.1 7,342.6
Equity market value (NIS million) 1,1915 3,718.5 ,318.0
Public debt to total debt ratio 0.3 0.5 0.2
Average rating 14.1 (B+) 8.2 9.8 (BB)
Average trading volume of bonds
(NIS rgillion) ’ L7 34 23
Leverage ratio 0.73 0.33 0.81
Average number of trading days per month 15.2 5.0 781
Average number of observations (out of 67) 38.7 817. 45.2
Market spread / Model spread 0.9 1.0 1.1

This table shows a number of characteristics ofgamies for which the model provides a good propectf
the market price of the debt.

One of the most prominent characteristics is thatdompanies in this group are larger
than average, with a large volume of liabilitiesttb in relative (leverage) and absolute
terms. In addition, these companies are considsafgi companies: they have a higher debt
rating, and their securities (both equity and byrade more liquid. At the same time, they
have relatively less public debt as a share oktitee debt, in comparison with the sample
as a whole. There is a positive correlation betwssane of the characteristics, meaning that
in general, larger companies also tend to have tredsidities, higher market values, a lower
proportion of public debt, a higher rating, largeading turnovers in bonds, more liquid
equity, and a slightly higher ratio of the markptead to the model spread. It is reasonable
that the information about these companies in th&keat is more available and up-to-date, is
reflected in frequent price updates, and is leflsenced by a liquidity premium. Among
other things, the model's success in explainingpitiees is therefore related to the fact that
the data are more reliable, with fewer sharp flatans in prices and a lower liquidity
premium.

In contrast to the results displayed in the tablettie group, no connection was observed
in the general population between the size of apamy and its leverage. Ceteris paribus,
companies with high leverage have a greater ristteddult, i.e. the market price should be
affected by changes in this risk to a greater éxtiean other risks (e.g. liquidity), which

34



explains why the model does a better job of explgithe market price for highly leveraged
companies: the model prices in only the risk obdéf

4. SUMMARY

This study applies the structural model proposedMayton (1974) for pricing debt of a

public company to the data for non-financial Isrammpanies listed for trade during

January 2005-July 2010. The study examines twocsspd the model's analytical and

predictive power: the model’'s ability to assessoagany's credit risk and discriminate
between companies headed for difficulties in repayheir debt and other companies in the
sample, and its ability to explain the market pioé corporate bonds.

The results obtained in the first section of thelgtshow that the model is successful in
identifying companies liable to enter into diffites in repaying their debt, even two to
three years in advance, but with Type | and Typertbrs in identification amounting to
about 30 percent. Such an error in magnitude isvoige than that of models based solely
on accounting data, such as the Altman index asfjlust the Israeli market.

Not only is the Merton model's performance no wdhse that of other models, it also
has benefits over the others. It allows for theessent of default risk for a wide variety of
companies while relying on a small amount of dRISDP can be calculated for any public
company in comparison with a relatively small numbé companies monitored by the
rating companies, and is revised continuously,just quarterly, as in the case of indices
based solely on accounting data. In addition, tleettdvh Model can also be used to evaluate
companies with non-traded debt, regarding whiclnetiie no information on market returns
or spreads. Finally, in contrast with accountingadavhich describe the past, the index
derived from the model is forward looking and iscabased on expectations.

The second section shows that the price of delatirdd from the model, based on the
company's default risk, is significantly higher nhas market price. The model spreads
explain only about one fifth of the actual spreaal] even that small result is obtained under
conditions that assume bankruptcy costs amountirgptpercent of the debt’'s value. This
result is similar to the results obtained in ovassstudies, which show that the default risk
has little power to explain the prices of corporatmds. The regressions conducted in the
second section show that other factors contribtgatty to understanding the spread. These
are related to the general market risk, and aleatefl in a strong effect of the standard

deviation from the stock market in the regressiégmsddition, the risk of default explains a
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larger proportion of the spread for companies Viigguently traded stocks and bonds—a
result mostly accounted for both by the model'sligbito estimate the spreads more
accurately for this type of company and by lowguidity premiums.

In applying the model in the article, a numberiai@ifying assumptions were made that
affect the estimation results: calculation of therddn Model is significantly influenced by
the standard deviation of the equity. In the absefmptions on individual stocks, the way
to estimate this standard deviation is throughohical data. Instead of using Equation (5)
for calculating the standard deviation of the agsehich should hold only instantaneously
and is based on the standard deviation of equitygcarsive method can be used that
simultaneously solves the value of the companysetasand their standard deviation over
time (Crosbie & Bohn (2003), Bharath & Shumway @))0This method is likely to greatly
improve the model's estimation, because the fldictos in the standard deviation of the
assets obtained from the estimation of the mod¢him article and the fluctuations of the
derived spreads are very large. In comparison thighresults obtained from regression on
the medians, the model’s explanatory power for eaxhpany separately is very small due
to the large number of outliers. The existence arendetailed information about the
company’s liabilittes—such as a decomposition of thfferent maturities of the debt,
collaterals, and priority rules—will also improvieet model spread’s estimation ability and
the comparison with the market spreads.

The basic Merton Model prices the debt as a “Eumopaption”, i.e. default is possible
only at the time of maturity of the debt, T. In giiae, when the company’s financial
situation deteriorates, the bondholders usuallyatehthat the debt be put up for immediate
repayment, or the company itself initiates measaras$ enters into negotiations with the
bondholders. Pricing the company’s liabilities wsitbarrier options” is therefore likely to
improve estimation of the expected loss to the teliters, because it allows a default event
to take place at any time between the issue ant@ludiela and Young (2003), who used
options of this type, obtained results facilitat@dpetter discrimination between companies
headed for financial difficulties and other compami

In current research, there is renewed interessinguthe model in the area of financial
stability. The recent financial crisis showed hamportant it is to estimate not only the risk
of default of a single company in the market, buinty the connection between various
bodies, their influence on each other, and theamtjask of default. The Merton Model
allows us to estimate the distribution of a joifalilt of various companies, such as the

financial system as a whole, by enabling us to exarthe connection between individual
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risk indices over time (Gray et al. (2010)). Thentanation of these risk indices and their
joint distribution in the framework of macroecona@mmodels enables us to examine

scenarios that may lead to financial crises irftinere (Gray et al. (2009)).
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Appendix 1 — Theoretical and Market Spreads for Selcted Companies

The companies shown below were selected at randgomrder to reflect a variety of

industrial sectors, of company size, of market agseand of tradable debt to total liabilities

ratio.

Company characteristics

Stock Correlation
Company Total Total Traded market with model
name Sector assets liabilities debt value spreads
1 94 5,316 5,698 601 245 0.50%**
2 95 2,139 2,445 493 287 0.86***
3 95 2,139 1,361 700 1,031 0.72%**
4 95 16,312 27,728 5,299 2,776 0.66***
5 97 122 67 37 64 -0.18**
6 94 671 409 72 274 0.36
7 95 451 335 39 244 0.15**
8 95 15,894 21,776 2,211 644 0.64**=*
9 95 1,440 1,110 775 525 0.48***
10 97 12,014 8,977 3,972 3,926 0.55%**
11 95 187 233 86 18 0.71%*=
12 96 84 77 34 14 0.19

" All of the data are in NIS millions. The data frettable were sampled in August 2008.
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Appendix 2 — List of companies in the sample thatreountered financial difficulties

Company name Sector Date entered into| Description of event
negotiations
(dd/mm/yyyy)
Litho Group Investments and 19/08/2008 The company announced its
Holdings desire for an arrangement with
bondholders
Direct Capital Real Estate and 11/12/2008 The bondholders decided to
Construction appoint a representative to
negotiate with the company
World Capital Investments and 29/01/2009 The bondholders decided to
Holdings appoint a representative to
negotiate with the company
Arazim Real Estate and 04/12/2008 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Landmark Group Real Estate and 23/04/2009 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Eldan Tech Real Estate and 18/03/2010 The company announced that it
Construction was unable to meet its
commitments
Rabintex Manufacturing 11/05/2009 The company annped its
desire for an arrangement with
bondholders
Evrot Manufacturing 09/03/2009 The company annodritse
desire for an arrangement with
bondholders
Leader Investments Investments and 07/05/2009 The company announced its
Holdings desire for an arrangement with
bondholders
Aloni Meitar Real Estate and 26/01/2009 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Sovereign Properties Real Estate and 08/09/2008 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Ofek Real Estate Real Estate and 06/11/2008 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Peleg Nye Manufacturing 13/10/2009 The bondholdersded to
appoint a representative to
negotiate with the company
Boimelgreen Capital Real Estate and 19/03/2009 The company announced its
Construction desire for an arrangement with
bondholders
Anter Holdings Investments and 31/03/2009 The company filed a request in
Holdings court for a stay of proceedings
Digel Real Estate and 20/04/2009 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Profit Real Estate and 13/05/2009 The company announced its
Construction desire for an arrangement with
bondholders
Africa Investments Real Estate and 30/08/2009 The company announced its

Construction

desire for an arrangement with
bondholders
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Elran Investments Real Estate and 15/02/2009 The bondholders agreed to the
Construction deferment of interest and
principal payments on B bonds
Polar Investments and 26/07/2009 The company announced its
Communications Holdings desire for an arrangement with
bondholders
Osif Investments Real Estate and 27/05/2009 The company announced the
Construction deferment of interest payments
on D bonds and the convening
of a meeting to assess an
arrangement
Angel Resources Real Estate and 25/05/2009 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Syngery Cable Manufacturing 24/01/2010 The commampunced its
desire for an arrangement with
bondholders
Angel Europe Real Estate and 26/05/2009 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Asim Investments Real Estate and 07/04/2009 The company announced its
Construction desire for an arrangement with
bondholders
Tesuah 10 Real Estate and 22/04/2010 The company announced that it
Construction was unable to meet its
commitments
Gmul Investments Investments and 09/12/2008 The bondholders decided to
Holdings appoint a representative to
negotiate with the company
Polishek Manufacturing 25/01/2009 The company anned that it
was unable to meet its
commitments
Globalicom Trade Goods and Services 15/12/2008 bbimelholders decided to
appoint a representative to
negotiate with the company
Intercolony Real Estate and 22/04/2009 The bondholders decided to
Construction appoint a representative to
negotiate with the company
Nidar Construction Real Estate and 22/08/2008 The company announced that it
Construction was unable to meet its
commitments
D&E Biomed / Manufacturing 15/12/2009 The company announced its
Laser Detect desire for an arrangement with
bondholders
Intercure Manufacturing 10/01/2010 The bondholdissided to
appoint a representative to
negotiate with the company
Top Image Goods and Services 31/12/2009 The comgamgyunced its
desire for an arrangement with
bondholders
Leadcom Goods and Services 24/06/2009 The bondisatigeided to

appoint a representative to
negotiate with the company
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