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ABSTRACT

A firm’s ability to service its debts and obligations is affected by an uncertainty caused by default
risk. It is very hard to distinguish explicitly among firms that would default and those that would

not, before default. The only way is to make probabilistic evaluations of the possibility of default.

In this thesis, the basic ideas and structures of the Contingent Claims Approach (CCA) are
presented in the framework of Merton’s model that a firm defaults if its assets are below its
outstanding debt. To examine the default probability (DP) of the company and to find out some
implications among the parameters that effect DP, a well known iron and steel company, Eregli
Demir ve Celik Fabrikalar1 A.S. is used. Results of the CCA approach confirms that default
probability (DP) of the firm raised simultaneously together with the unattractive 2008 crisis

conditions of the financial markets.
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OZET

Sirketlerin borglarin1 ve finansal yiikiimliiliiklerini yerine getirme yetenekleri, finansal
basarisizlik riskinden kaynaklanan belirsizlikten etkilenmektedir. Finansal basarisizlik
ger¢eklesmeden Once, sirketleri finansal acidan basarili yada basarisiz olarak ayirmak oldukca
giictiir. Tek yol, basarisizlik durumu hakkinda olasilik degerlendirmeleri yapmaktir.

Ortaklik Hakkr Yaklasimi’nin temel diisiinceleri ve yapisi; Merton’un, sirket degerinin borglarin
altina diismesi durumunda finansal basarisizligin olusacagi kabiilii ¢ercevesinde sunulmustur.
Finansal basarisizlik olasiligin1 gézden gecirmek ve olasiligi etkileyen degiskenler arasinda
birtakim ¢ikarimlarda bulunmak ig¢in, demir-¢elik endiistrisin bilinen sirketi Eregli Demir ve
Celik Fabrikalar1 A.S. kullanilmistir. Ortaklik Hakki Yaklasimi’nin sonuglari, finasal basarisizlik
olasiligin, 2008 yilinda finansal piyasalardaki kriz kosullar1 ile birlikte es zamanli olarak
yiikseldigini dogrulamaktadir.
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I. INTRODUCTION

The first step for evaluating the credit exposure and potential losses faced by an investor or
financial institutions is estimating default probabilities for individual obligors. The fundamental

inputs for risk management are default probabilities.

The contingent claims approach (CCA) was developed from modern finance theory and has been
widely applied by financial market participants to measure the default probability of a firm based
on the market prices of the firm’s debt and equity. In this thesis the contingent claims approach is

applied to estimate the default probability of a Turkish manufacturing firm.

Unlike analysis based only on a review of past financial statements, market prices represent the
collective views and forecasts of many investors, the contingent claims methodology is forward
looking and helps increase the predictive power of the estimates of default risk. Given the speed
with which economic conditions alter relative to the time span among releases of consolidated
accounting balance-sheet information, the capability to translate continuously adjusting financial
market price information into current market value estimates of asset value is especially
important. In contrast, usually 90 days after the end of the quarter or annual period, accounting-
based models to assessing corporate credit risk rely on historical balance sheet information which
arrives with a important lag. Moreover, CCA takes into account the volatility of assets when
estimating default risk. The volatility of assets is crucial in this process, since firms may have
similar levels of equity and debt, but very different probabilities of default if underlying asset
volatility differs.

The thesis is structured as follows. Section II reviews credit risk models which can be grouped in
three categories: Traditional, Reduced Form and Structural. Section III defines the theoretical
framework of the contingent claims approach and introduces technical steps of measuring
probability of default. Section IV presents description of the data and results of the model.
Section V concludes. Coefficients, residual tests, correlograms of the estimated mean and

variance equations are provided in the appendix.



II.

CREDIT RISK MODELS

Credit risk refers to the risk due to unforeseen changes in the credit quality of a counterparty or
issuer and its quantification is one of the major frontiers in modern finance. The lending decision,
the firm’s cost of capital, the credit spread, the prices and hedge ratios of credit derivatives, since
it is uncertain whether the firm will be able to fulfill its obligation, are influenced by the
creditworthiness of a potential borrower. In other words, financial decisions of the corporate

institutions are affected primarily by the firms’ own risk level.

Credit risk measurement depends on the likelihood of default of a firm to meet its a required or
contractual obligation and on what will be lost if default occurs. Because models of credit risk
measurement have focused on the estimation of the default probability of firms, it is the dominant

source of uncertainty in the lending decision.

Credit risk models can be classified into three broad categories. The first category, the set of
traditional models adopt the fundamental analysis. The principle purpose of these models is to
find out which factors are important in assessing the credit risk of a firm by using the potential
information of financial statements to make decision about the firm’s profitability and financial
difficulties. Beaver (1966) used the financial ratios of the companies to test the ability of
accounting data to meet the payment of loans. Beaver (1968) expanded his study to evaluate
whether market prices were affected before failure. The conclusion shows that investors
recognize the default risk and change their positions one year before default. Altman (1968) tried
to assess the analytical quality of ratio analysis by using the linear combination of ratios with
discriminant function. In the study, the discriminant function with ratios was called as Z-Score
model. Altman concluded that with the Z Score model that was built with matched sample data,

95 % of the data was correctly predicted.

Second category of credit risk models is the reduced form approach where the dynamics of

default are given exogenously by an intensity or compensator process.



The third set, called structural models adopt the contingency claim analysis (CCA). The
philosophy of these models traced back to Black-Scholes (1973) and Merton (1974) and

considers corporate liabilities as contingent claims on the assets of the firm.

Firms’ fundamental financial variables (assets and liabilities) and default probabilities are the
main distinguishing characteristic of structural models different from the reduced form models.
Although easier to calibrate, reduced form models lack a direct link between credit risk and the
information regarding the firms’ financial situation incorporated in their assets and liabilities

structure.

II.1 Traditional Models

In explaining the credit risk of a company, traditional models adopt fundamental analysis and try
to classify which factors such as cash flow capability, asset quality, earning performance, capital
adequacy, are essential. They evaluate the significance importance of these factors, mapping a
reduced set of accounting variables, financial ratios and other information into a quantitative
score. In some cases, this score can be literally interpreted as a probability of default while in

other cases can be used as classification system.

The main characteristic that differentiates traditional models is the econometric method they
apply on their estimation procedure. In 1966 the study of Beaver has introduced the univariate
approach of discriminant analysis in bankruptcy prediction. Altman in 1968 has expanded it to a
multivariate context and developed the Z-Score model. His Z-score model formalized the more
qualitative analysis of default risk. Multivariate Linear Discriminant Analysis is based on a linear
combination of two ore more independent variables that will discriminate best between a priori
defined groups: the default from non-defaulted firms. It weights the independent variables

(financial ratios and accounting variables) and generates a single composite discriminant score.

Altman identified five key financial ratios and computed a weighted average of those ratios to
arrive at the company’s “Z-score.” Companies with low Z-scores are more likely to default than

companies with high Z-scores. Altman used statistical techniques to determine the best weights to
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put on each ratio. The most significant financial ratio for predicting default is earnings before
income and taxes divided by total assets. The next most significant financial ratio is sales to total

assets.

Altman includes as explanatory variables the following financial ratios: working capital to total

assets (X 1 ) , retained earnings to total assets (X 2 ) , earnings before interest and taxes to total
assets (X3 ) , the market value of equity to the book value of long term liabilities (X4 ) , and

sales to total assets (X 5 ) .

Z =12X,+1.4X, +3.3X, +0.6X, +1.0X,

According to Altman’s credit scoring model, any firm with a Z score of less than 1.81 should be
considered to be a high default risk, between 1.88 and 2.99 an indeterminate default risk, and

greater than 2.99 a low default risk.

In 1977 Altman, Haldeman and Narrayman have developed the ZETA model, which incorporated
several refinements and enhancements to the original Z-Score approach. Empirical studies, such
as Hillegeist, Keating, Cram and Lundstedt (2004) document that traditional models (updated
versions of Altman’s Z-Score and Ohlson’s O-Score) can provide significant, incremental

information.

It is essential in traditional models that the selection of the appropriate financial ratios and
accounting based measures which will be used as explanatory variables. Explanatory variables

that commonly used in studies of corporate credit standing are:

Liquidity Ratios: These variables are a measure of quality and capability of the current
assets of a firm to meet its current liabilities. Some key variables for examining liquidity

are working capital ratio, quick ratio and current ratio.



Solvency variables: These variables are related to liquidity variables in that they are
indented to measure the ability of a firm to service its debt. Most common solvency

variables are the interest coverage ratio and the current liabilities service ratio.

Profitability Variables: They show how successful a firm is in generating returns and
profits on its investments. Moreover they show how a firm smooth or manage its
earnings. The most common measures of profitability are return on assets, return on

equity and internal growth rate.

Leverage Variables: They show how the capital structure of firm is financed. These
variables are related to profitability variables since the capital structure of a firm can be
considered as of high quality if the firm has high a return on equity and its modest
dividend payout to stockholders results to high internal growth rate. In addition, leverage
variables measure firm’s vulnerability to business downturns and economic shocks. Key

variables to examine leverage are the total leverage ratio and the debt to assets ratio.

Efficiency Variables: These are designed to assess management strategy and
performance. Therefore, they are also called asset-management indicators. Particularly,
they measure the ability of a firm to turn over its assets, equity, inventories, cash, account
receivables or payable. Some important efficiency variables are the asset turnover ratio

and the equity turnover ratio.

Size Variables: They measure the market position and the competitive position of a firm.

Key variables for the measurement of the size of a firm are total sales and total assets.

These models do not allow non-linear effects between different credit risk factors. Moreover, the
models are relied only on accounting data, which seem at discrete time intervals (e.g. quarterly,
annually) and are formulated under conservative principles. Therefore, it is not clear whether
such models can catch a firm that is rapidly deteriorating. Additionally, factors such as the market

value of assets and the business risk of firms are not taken into account by such models. Two



firms with equal liabilities ratios can have different default risk depending on their market value

of assets and their business risk.

II.2 Reduced Form Models

Reduced form models use market prices of the firms’ borrowing instruments (such as bonds or
credit default swaps) to extract both their default probabilities and their credit risk dependencies,
relying on the market as the only source of information regarding the firms’ credit risk structure.
These models are mostly fit to model credit spreads of the corporations. Hence, it is impossible to
apply such models in Turkish Capital Market. Turkish Corporate Sector do not able to issue such
borrowing instruments because of government borrowing requirements and tax policy. Therefore,

reduced form models do not investigated in this thesis.

IL.3 Structural Models (Contingent Claims Approach)

Structural models provide a link between the credit quality of a firm and the firm’s economic and
financial conditions. Thus, defaults are endogenously generated. Contingent Claims Approach
uses the basic structure of a balance sheet, adding market prices and uncertainty as key inputs, to
derive simple risk indicators that are forward looking. In fact, this framework provides a marked-
to-market balance sheet for the credit risk. The contingent claims approach provides a richer,
dynamic market sensitive way to measure and analyze risk, contrasting traditional
macroeconomic vulnerability indicators and accounting-based measures, which cannot address

risk or uncertainty in a forward-looking manner and rely on static ratios.

Contingent Claims Approach takes balance sheet information and combines it with current and
forward-looking financial market prices to compute risk-adjusted marked-to-market balance
sheets. Using financial market price information to derive forward-looking risk-adjusted balance
sheets is a significant advantage compared to an analysis based on past balance sheet information.
Contingent Claims Approach differentiates itself from other vulnerability analyses in that it

incorporates market volatility when estimating credit risk.



Merton’s model was the first modern model of default risk and is considered the first structural
model. In Merton’s model, a firm defaults if, at the time of repaying the debt, its assets are below

its outstanding debt.

One problem of Merton’s model is the restriction of default time to the maturity of the debt,
ruling out the possibility of an early default, no matter what happens with the firm’s value before
the maturity of the debt. If the firm’s value falls down to minimal level before the maturity of the
debt but it is able to recover and meet the debt’s payment at maturity, the default would be

avoided in Merton’s approach. In other words, default may happen in a discrete time interval.

A second approach, within the structural framework, was introduced by Black and Cox (1976). In
this approach default occurs as soon as the firm’s asset value falls below a certain threshold. In

contrast to the Merton approach, default can occur at any time.

In late 1980s, the application of Merton's model to forecast default of the firm was developed by
KMYV Corporation. This model relies on the idea that a firm's equity could be viewed as an option
on the underlying value of the firm's assets in a certain time horizon. Later on, Oldrich Vasicek
and Stephen Kealhofer have extended the Black-Scholes-Merton framework to produce a model
of default probability known as the Vasicek-Kealhofer (VK) model. This model assumes a firm's
equity could be viewed as a perpetual barrier option on the underlying value of the firm's asset in
a time horizon. Once the asset value of the firm drops below some threshold level, which is also
called the default barrier (DB), at or before the time horizon, the firm would immediately default.
Since this model has proved its better behavior with respect to default prediction in the market, it
has been taken over by rating agency Moody; it is called Moody's KMV today. Moody's KMV
uses its large historical database to estimate the empirical distribution of changes in distance to
default, and calculates default probabilities based on that distribution. This default probability is

known as EDF (Expected Default Frequency) credit measure, which is firm-specific.

A default database is used to derive an empirical distribution relating the distance to default to a

default probability. In this way, the relationship between asset value and liabilities can be



captured without resorting to a substantially more complex model characterizing a firm's liability
process. MKMV has implemented the VK model to calculate an Expected Default Frequency
(EDF) credit measure which is the probability of default during the forthcoming year, or years for
firms with publicly traded equity (this model can also be modified to produce EDF values for
firms without publicly traded equity.) EDF value requires equity prices and certain items from
financial statements as inputs. EDF credit measures can be viewed and analyzed within the
context of a software product called Credit Monitor (CM). CM calculates EDF values for years 1
through 5 allowing the user to see a term structure of EDF values. MKMV's EDF credit measure
assumes that Default is defined as the nonpayment of any scheduled payment, interest or

principal.



II1.

CONTINGENT CLAIMS ANALYSIS

III.1 Theoretical Framework

Black and Scholes (1973) provide a significant insight which arguably is of more academic and
practical value than their famous option pricing model. They demonstrate that corporate liabilities
can be viewed as combinations of simple option contracts. This generalization of option pricing,

as refined by Merton (1974, 1977), has become known as Contingent Claims Analysis (CCA).

The contingent claims approach defines fundamental relationships between the value of assets
and the value of claims. The purpose of CCA is to analyze how the value of these claims on firm
assets changes as the value of the firm changes through time. When a firm raises funds either by

issuing bonds or increasing its bank loans, it holds a very valuable default or repayment option.

Merton shows how a firm’s equity can be modeled as a (junior) contingent claim on the residual
value of its assets. In the event of default, equity holders receive nothing if the firm’s assets are
all consumed to pay the senior stakeholders (e.g. debt holders); otherwise, equity holders receive
the difference between the value of assets and debt. Under this framework, the equity of the firm
can be seen as a call option on the residual value of the firm’s assets. This framework enables a
rich characterization of a firm’s balance sheet and the derivation of a series of credit risk

indicators, in particular the distance to distress, the default probability, and credit spreads.

Default whenever the value of its implied assets—derived from market information on the
liabilities and the Black and Scholes option pricing formula—tfalls below a default barrier. The
difference between the asset value and the default barrier, scaled by the asset volatility, is referred
to as the distance-to-default, while the area of the distribution that falls below the default barrier

represents the firm’s default probability.



Figure 1: Default Interpretation in the Classical Merton Approach
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Figure 1 shows several possible paths of firm value. Default occurs if the firm value at maturity is

less than the default barrier. The particular path the firm value has taken does not matter here,
only the firm value at time T is important. The probability of default therefore is equal to the
probability that the firm value is below default barrier at time | . To calculate the probability,

assumptions has to be made about the distribution of firm value at time | . The standard
assumption is that firm value is log-normally distributed. The probability of default then is given

as the area under the log-normal firm value density between zero and default barrier. This

probability can be calculated explicitly in terms of DB , the current firm value A , the volatility

of firm value, the risk-free interest rate and time.

II1.2 The Borrower's Payoff from Loans

The total market value of assets, A , of a firm financed with debt, D , and equity, E , 1s equal

to the market value of equity plus market value of risky debt. Asset value is derived from the
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stochastic discounted present value of income minus expenditures with the potential for asset
value to decline below the point where scheduled debt payments can be made. If assets fall to or

below this level, then default is the result. This level is often referred to as default

barrier, (DB )and represents the default-free value of debt. The holders of equity are holders of

a junior claim and have a contingent claim on the residual value of assets in the future. In this
approach, the value of equity can be viewed as an option where holders of equity receive the
maximum of either assets minus debt, or nothing in the case of default. The value of equity,

therefore, is,

E = MAX (A-DB,0)

If the investments turn out badly, the stockholder - owners of the firm- would default on the firms

debt, turn its assets (A) over to the debt holders, and lose only their initial stake in the firms. By

contrast, if the firm does well and the assets of the firm are valued highly(A), the firm's

stockholders would payoff the firm's debt (D B) and keep the difference (A - DB ) .

II1.3 The Debtholder's Payoff from Loans

Holders of debt are obligated to absorb losses if there is a default and the guarantee of repayment
by the lender can be modeled as an implicit put option (i.e., in the event of default, the
bondholders have a right to sell the remaining assets of the firm). Thus, holders of risky debt
receive either the default free value or, in the event of default, the senior claim on assets.

Beginning with the relationship between risky and default-free debt, this can be modeled as,
Value of default-free debt = Value of risky debt + Value of the guarantee,

Value of risky debt = value of default-free debt — implicit put option

11



Since the value of default-free debt is the default barrier and the implicit put option on the assets

of the firm yields MAX (DB - A,O) (DB ), the market value of risky debt can be modeled

as

D = MIN(A,DB)= DB - MAX (DB - A,0)

The maximum amount the bank or bondholder can get back is DB , the promised payment.

However, the borrower who possesses the default or repayment option would only rationally
repay the loan if A > DB . A borrower whose asset value falls below DB would default and
turn over any remaining assets to the debt holders. Thus the value of the loan from the

perspective of the lender is always the minimum of DBor A , Or MIN (DB, A) That 1is,

the payoff function to the debt holder is similar to writing a put option on the value of the

borrowers' assets with DB as the exercise price.

II1.4 Option Pricing Models

111.4.1 Black -Scholes Model

The Black-Scholes formula is an expression for the current value of a European call option on a

stock which pays no dividends. The assumptions of the model are follows:

1. The stock price distributes log-normally and stock return distributes normally
with M and constant O .

There are no riskless arbitrage opportunities

The short selling of securities is permitted.

There are no transactions costs and taxes.

There are no dividends during the life of the derivative.

Security trading is continuous.

N kWD

The risk-free rate of interest, r, is constant and the same for all maturities.

12



111.4.1.1 Distribution of Stock Prices

The model of stock price behavior used by Black, Scholes and Merton assumes that percentage

change in the stock price in a short period of time is normally distributed. Define:

M : Expected return on a stock

O : Volatility of the stock price

The mean of the percentage change in time M is ,Uét and standard deviation of this percentage

change is OV ot , so that

? is distributed N (,U&, oV ) where 09 is the change in the stock price S in time X .

2
o)
In(S; )~In(S, ) isaisuivuea N| | 4= [>T

S .
In S_T is distributed N H _7 T,gﬁ .
0
and
O_Z
1n(ST ) is distributed N| In SO +| U _7 T ,O'ﬁ N

where ST is the stock price at a future time T and So is the stock price at time zero. Equation 2

shows that lIl(ST ) is normally distributed. This means that ST has a lognormal distribution.

13



I11.4.1.2 Binomial Tree, Risk Neutral Valuation and No Arbitrage Argument

The Black-Scholes assumes that there are no riskless arbitrage opportunities. This assumption can
be proved by setting up a portfolio which consists of a stock and option in such a way that there
is no uncertainty about the value of the portfolio at the end of maturity. Because the portfolio has
no risk, the return it earns must equal the risk-free rate. This enables to work out the cost of
setting up the portfolio and therefore the option’s price. Because there are two securities and only
two possible outcomes, it is always possible to set up the riskless portfolio.

Suppose that the option lasts for time T and that during the life of the option the stock price can

either move up from So to a new level SOU or down from So to a new level Sod where
U>Tland d <1.1f the stock price moves up to SOU , the payoff from the option is fu ; if

the stock prices moves down to Sod , the payoff from the option is fd .

S,u
fu
SO
f
S,d
fd

Consider a portfolio consisting of a long position in A shares of the stock and a short position in
one call option. If there is an up movement in stock price, the value of the portfolio at the end of
the life of the option is

S,UA - T,
If there is a down movement in the stock price, the value becomes

The two are equal
and

f, - f,

u

~S,u-s,d
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In this case, the portfolio is riskless and must earn the risk-free interest rate. If I is denoted as
risk free interest rate, the present value of the portfolio is

SuA—fe™

The cost of setting up the portfolio is
It follows that
-7 _
SouA_ fue — SOA_ f or

f =S,A—(S,uA—f, )"

Substituting for A , this equation reduces to

f=e " [pf, +(1-p)f,] G)

where
b= u-—d @

P is the probability of an up movement in the stock price. The variable 1- P is then the

probability of a down movement, and the expression
f =[pf, +(1-p)f,]

is the expected payoff from the option. With this interpretation of P, equation 3 states that the

value of the option is its expected future value discounted at the risk free interest rate.

When the probability of an up movement is assumed to be P, the expected stock price

E(ST )at time T is given by
E(S; )= pS,u+(1—p)s,d

or

E(ST): pSo(u _d)+ S,d

15



Substituting from equation 4 for P ,
_ rm
E(S;)=S,e
This equation shows that the stock price grows on average at the risk-free interest rate. Setting the

probability of the up movement equal to P is therefore equivalent to assuming that the return on

the stock equals to risk free rate.

In a risk neutral world all individuals are indifferent to risk. In such a world investors require no
compensation for risk and the expected return on all securities is the risk-free interest rate.
Equation 3 shows that the value of the option is its expected payoff in a risk-neutral world
discounted at the risk free rate.

The logarithm of the expected return relative over a period of length one is now I' , whereas it
was M under the original probability distribution. The risk-adjusted probability distribution has

the property that the current value of any stock-price contingent claim equals the riskless
discounted value of the expected future payoff, when the expected payoff is computed using the
adjusted probabilities. This principle leads to a theoretically simple and intuitive derivation of the
Black-Scholes formula. Valuing the call option and its components is just a matter of computing
the expected value of some functions of a normally distributed variable (the normally distributed

random variable being In(S; )).

Risk adjustment of the probabilities in risk neutral world consists in replacing # by I, the
riskless interest rate. The risk-adjusted probability distribution is such that ST is still log

normally distributed, but the mean of the normally distributed variable 1H(ST ) changes.

Replacing & by I' in equations 1 and 2

2
n| 3T N r—% T.0T

is distributed
S 0

and

2
O
1n(ST ) is distributed N| In S'0 + = 7 T 5 O'ﬁ

So, under the risk-adjusted probability distribution, the continuously compounded rate of return

. . ) 2
to the stock over a time interval of length one has variance, O  as before.
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111.4.1.3 A Derivation of Black & Scholes Formula

The expected value of a European call option at maturity in a risk neutral world is

E[MAX(S; —K,0)] )

where ST is the stock price at maturity and K is the strike price of the option.

From the risk neutral valuation argument, the European call option price, C, is this expected
value discounted at the risk free rate of interest, that is

c=e TE[MAX(S; - K,0)]. ©)

Expected value of ST given that the option ends in the money can be calculated by using

lognormal probability density function where ST exceeds strike price K.

If a continuous variable X has a probability density function f (X )then it can be shown that

its expected value is given by
E(X)= [ XF (X )ix -

If a continuous variable X is normally distributed with mean M and variance O 2 , then its
probability density function is given by
1 —(X-p)
f(X)=—=e

/27z(72 3

Standard normal distribution is the normal distribution that has zero mean and unit variance.

Setting M = 0 and 6% =1 in equation 8, the probability density function for the standard
normal distribution is
_X?

D
)

)
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. o . . 2 .
If X is normally distributed with mean A and variance 0~ , X can always be converted into a

standard normal Z variable by subtracting the mean from X and then dividing by standard
deviation O . That is

7 _X-u

distributed with mean zero and standard deviation 1. (10)

It is already shown that ST is log-normally and ln(ST ) is normally distributed.

In(S; ) is distributed

2
o)
N|InS, + r==—T,0\T )

(
In(
_InS; -m
s

ST ) can be converted into a standard normal Z variable by using equation 10.

Z where M is mean and S is the standard deviation of ln(ST ) (12)

The new variable Z is normally distributed with mean zero and standard deviation 1. The

probability density function for Z is
_72
2

|
f(Z):ﬁe (13)

Equation 7 shows that

E[MAX (ST - K,O)] - J.(ST - K)f (ST )dST (14)
K
By using equation 12 to convert the expression on the right hand side of the equation 14 from an

integral over ST to an integral over Z , 1t is obtained
E[MAX(S; -K,0)]= [(e*™ - K)f(z)dz
InK-m

(15)

E[MAX(S; -K.,0)]= [e*"f(Z)dz— [Kf(Z)dz
InK-m InK-m
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InK—m InK-m
o 1 ;22 o 1 ;Zz
= e __—_e 2 dz-K ——e 2 dz
In J—m V 2 In J—m 27
© o (Zazsan) ° 2
= f—e 2 dz—KI—ezdz
nk-m V27T nkem N 27T
o —(2-s)+2m+s? 0 _72
1 [
= ——€ 2 dz - K ——e 2 dz
ln}J‘—m 27[ ln}J‘—m 272'
© ~(z-s) (2m+52) © _72
1 : 1 =
= —— e 2 dz-K e 2z
lnlz[—m 272- ln}J‘—m 27[
bms) = 2P 2 2
=e 2 ——e 2?2 dz-K ——— e 2z
lnIJ—m V27Z' 1n|2[_m 27 (16)

if N (X )is defined as the probability that a variable with a mean zero and standard deviation of

1 is less than X , integral of the equation 16 is

R R ()
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=€

!2m+sz)
2 N {s

el

Substituting for m and s from equation 11 gives,

In SO{ r—UJT +—
2 2
=€

2 O_ZT

-

N <

\

AT -

an—lnSo—L

r_i

oT

2
lnSO+[r—02jT—an
T

- KN

_ elnSO+rT N O_ﬁ_'_

- KN

E[MAX (S, —K.0)]= S,e™N(oT +d, )- KN(d,)
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E[MAX(S; — K,0)]=S,e" N(d,)— KN(d,)
c=eTE[MAX(S; —K,0)]

c=S,N(d,)-Ke""N(d,) (17)

I11.4.1.4 Understanding N (d1 ) and N (d ’ )

The Black and Scholes formula expresses the call value as the current stock price times a
probability factor N (d1 ) , minus the discounted exercise price times a second probability factor
N(d,).

Among the major research papers, Black and Scholes (1973) did not explain or interpret

N (dl) and N (dz) Neither did Merton (1973, 1990), Cox and Ross (1976), or Rubinstein
(1976). As for the textbooks, Jarrow and Rudd (1983) derive the Black-Scholes formula using

risk-adjusted probabilities, and in the process they do interpret N (d1 ) and N (d2 ) Cox and

Rubinstein (1985) state that the stock price times N (dl) is the present value of receiving the

stock if and only if the option finishes in the money, and the discounted exercise payment times

N (d 2 ) is the present value of paying the exercise price in that event. They do not explain why
this is so or relate it to the probability that the option finishes in the money. Hull (1989, 1991,

2002, 2006, 2009) do not explain N(d,) ana N(d, ).

From the definition of a call option, the expected value of the call option at maturity is

E[c, |= E[MAX(S; - K.0)] (18)
There are two possible situations that can happen at maturity. If ST > K , the call option
expires in the money and E[MAX (ST - K,O)]: ST -K. ST <K , the option
expires out of money and E[MAX (ST -K ,0)] =0. 1f P is defined as the probability that

ST > K , equation 18 can be rewritten:

Elc, |= px(E[S; /S; > K]-K)+(1-P)x0
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E[CT]: pX(E[ST/ST > K]_ K)

P is the probability that S; >K

E [ST / ST > K] is the expected value of the call option at maturity.

Finding the probability P that stock price at maturity ST will exceed some critical price K is

the same as finding the probability that the return of the stock over the period will exceed some
critical value.

p=Pr ob[ST > K] =Pr Ob[Re turng > Retumcmical]

p="Prob[S; >K]=Pr Ob{ln(s—Tj > ln(ﬁﬂ
SO SO

S,
In Black Scholes model, In| — is assumed normally distributed.
S
0

2
S o
1n(—TJ is distributed TV (r - TJT’O"/?

S

p = Prob[S; > K]=Prob[Return, > Return,; |

~1=N (Re turncrit ~ Hreturn )

O-Return

2
ln(?] —(r —ZJT
p="Prob[S, >K]|]=1-N °
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p="Prob[S; >K]=N| - S

2

InS, —InK + r—“2 T

oT

2
[ 20 |+ r— 9 |r
K 2

oT

p=Prob[S; >K]=N

p=Prob[S; >K]=N

p=Prob[S; > K]=N(d,) (19)
and

N(d,)= N(oT +d,)

N (d 2 ) is the risk-adjusted probability that the option will be exercised. But, the present value
of contingent receipt of the stock is not equal to but larger than the current stock price multiplied

by N (d2 ), the risk-adjusted probability of exercise. The reason for this is that the event of

exercise is not independent of the future stock price. If exercise were completely random and
unrelated to the stock price, then indeed the present value of contingent receipt of the stock would

be the current stock price multiplied by N (d2 ) Actually the present value is larger than this,

since exercise is dependent on the future stock price and indeed happens when the stock price is
high.

The expected value, computed using risk-adjusted probabilities, of receiving the stock at
expiration of the option, contingent upon the option finishing in the money, is N (dl)

multiplied by the current stock price and the riskless compounding factor. Thus, N (dl) is the

factor by which the present value of contingent receipt of the stock exceeds the current stock
price.
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111.4.2 The Gram-Charlier Model

The basic assumption of the Black—Scholes framework is that the returns of the assets are

normally distributed. In other words skewness (f ) and kurtosis (K ) of the returns are zero and

three respectively. However, the real probability distributions of the returns may present heavy
tails and asymmetry in the market. Excess kurtosis indicates more weights in both tails of the
distribution than in normal distribution. In other words heavy-tailed probability densities have
higher weight around the mean as well as more weight in the tails. If the returns have excess
kurtosis, the probability of large negative or large positive values is greater than the normal
probability density function. So the lower quantiles are less than the normal quantiles and the
upper quantiles are greater. When there is excess kurtosis in stock returns, Gram-Charlier
expansion can be used effectively which allows for additional flexibility over the normal
probability density function because it introduces the skewness and kurtosis of the empirical
distribution as parameters. A Gram-Charlier expansion generates a density function for a
standardized random variable that differs from the standard normal in having nonzero skewness
and excess kurtosis.

A Gram-Charlier expansion defines a density for Z by

ﬂsz@{héf%H+§HﬂZﬂ

6
In(S,)—m
where Z= S is a standard normal variable distributed with M and S,
ZZ
f(z)= L o £ (0
- is the standard normal probability density function, (X) denotes

Va1

the K th derivative of f (X)
Backus, Foresi and Wu (2004) showed that price of a call option on a non dividend paying stock

is given by,
(™ — K (2 )dz

_m)

— 8

c=e TE[MAX(S; —K,0)]=e™"

(ln

A

[%2]
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0

c=e" j €™ - K )p(z )z - Ke™ ]o¢(z Kz

(InK-m) (InK-m)

Straja (2001) demonstrated that exact price of a call option on a non dividend paying stock which

takes into account the skewness and kurtosis is

_azT%g_m&

e 24

(26\/-?— d)é+
c=S,4(d N+ o~T 6

Bo®T —30Td+d?—1)~

L 24
3 32§ 42 K

+e_UT/g_U ' z(aﬁ%é—k O'4T2Lj

\ 6

— Ke ‘rTqﬁ(d —aﬁ)

where,

2
[ 20 || r+ o T—(G3T%§+G4T2Kj
K 2 6

24
d =
oNT
¢ : cumulative normal probability density function
So : stock price at time zero
K : exercise price
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: time to maturity (expiration date) in terms of year

: continuously compounded annual risk free interest rate

T
r
O :annual volatility (standart deviation)
5 : skewness coefficient

K

: kurtosis coefficient

II1.5 Option Pricing Models and Probability of Default

Given that assets and liabilities in the firm balance sheet can be related using implicit options, the
standard option pricing formula can be used to price these relationships. The main insight behind
the methodology of the Black-Scholes formula is that the value of the option can be derived by
forming a riskless hedge portfolio. A riskless portfolio is created consisting of a position in a
derivative security and a position in a stock. The risk-free nature of the portfolio is derived from
the fact that both the derivative and stock price are affected by the same underlying source of
uncertainty. Over any short period of time, the two must be perfectly correlated. If the
appropriate positions are established, the gain (loss) from the stock position always offsets the
loss (gain) from the derivative security, so that the overall value of the position at the end of the
period is known with certainty. Therefore, the return of the hedge portfolio is equal to the risk-
free rate of interest. By forming a riskless hedge portfolio, the derivation relies primarily on no-
arbitrage principles as opposed to equilibrium relationships. The return must be equal to the risk-

free rate over the holding period.

Using the Black-Scholes formula, the value of equity as a call option on firm assets is,
_ -7
E = AN(d,)-DBe""N(d,) (20)
where A is the value of the assets, E is the value of equity, DB is the default barrier or value
of default-free debt, I is the risk-free rate of interest, T is the time to maturity on the defaultfree

bond in years. N (d ) is the cumulative probability distribution function for a standard normal
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variable (i.e., the probability that a random draw from a standard normal distribution will be

below d ) where

and O p is the standard deviation of return on firm assets. Following a similar process, the value

of the implicit put option from the guarantee on debt is,
—IT
P=DBe "N(-d,)-AN(-d,) 1)
where P is the put option and remaining variables are defined as above.

The expression N{5). is the probability that the option will be exercised. In other words, Nid5)

is the probability that the firm’s value at time T will be higher than Default Barrier.

Probability Default:
1-N(d,)=N(-d,) (22)

For different option valuation models, d2 may take any values. Whatever it takes, N ()

-7
variable which is multiplied with — Ke™ term gives the probability of default. Probability of
default in Black-Scholes model is

N(_dz)

whereas it is

1 - ¢(d — O ﬁ): ¢(— d+o \/T7) in Gram-Charlier model.
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By purchasing the put option, the bank buys an assurance policy whose premium is the
discounted expected value of the expected loss in the event of default. Equation 21 can be

rewritten as:

_| _N(=d) T
=Ny A DB NG .

Equation 23 decomposes the premium on the put into three factors. The absolute value of the first

term inside the bracket is the expected discounted recovery value of the loan, conditional on
A<DB i represents the expected payment to the bank in the case where the firm is unable
to pay the full obligation DB attime T . The second term in the bracket is the current value of

a riskless bond promising a payment of DB at time T . Hence, the sum of the two terms inside

the bracket yields present value of the expected loss, conditional on the firm being bankrupt at

time | . The final factor which determines P is the probability of default, N (_ dz) By

multiplying the probability of default by the current value of the expected shortfall, the premium

for insurance against the default is derived.

II1.6 Applying the Option Valuation Models to the Calculation of Default Risk

Crosbie and Bohn (2003) states that there are three main elements that determine the default
probability of a firm:

a. “Value of Assets: the market value of the firm's assets. This is a measure of the

present value of the future free cash flows produced by the firm's assets discounted

back at the appropriate discount rate. This measures the firm's prospects and

incorporates relevant information about the firm's industry and the economy.

b. Asset Risk: the uncertainty or risk of the asset value. This is a measure of the

firm's business and industry risk. The value of the firm's assets is an estimate and
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is thus uncertain. As a result, the value of the firm's assets should always be

understood in the context of the firm's business or asset risk.

c. Leverage: the extent of the firm's contractual liabilities. Whereas the relevant
measure of the firm's assets is always their market value, the book value of
liabilities relative to the market value of assets is the pertinent measure of the

firm's leverage, since that is the amount the firm must repay”.

For example, Figure 2 illustrates the evolution of the asset value and book liabilities of Eregli
Demir ve Celik Fabrikalar1 A.S. The default risk of the firm increases as the value of the assets
approaches the book value of the liabilities, until finally the firm defaults when the market value

of the assets is insufficient to repay the liabilities.

Figure 2: Market Value and Financial Liabilities of Eregli Demir ve Celik Fabrikalar1 A.S.

o Eregli Demir ve Celik Fabrikalar1 A.S.
Billion TL (Market Value & Financial Liabilities)
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There are three basic types of information available that are relevant to the default probability of
a publicly traded firm: financial statements, market prices of the firm's debt and equity, and
subjective appraisals of the firm's prospects and risk. Prices, by their nature, are inherently
forward looking. Investors form debt and equity prices as they anticipate the firm's future. In
determining the market prices, investors use, amongst many other things, subjective appraisals of
the firm's prospects and risk, financial statements, and other market prices. This information is
combined using their own analysis and synthesis and results in their willingness to buy and sell
the debt and equity securities of the firm. Market prices are the result of the combined willingness
of many investors to buy and sell and thus prices embody the synthesized views and forecasts of
many investors. Therefore, techniques that employ both market prices and financial statements

are the most effective models.

In order to determine the default probability of a firm by using Black&Scholes formula, it is

necessary to follow three steps.

*Estimate asset value and volatility: In this step the asset value and asset volatility of the firm is

estimated from the market value and volatility of equity and the book value of liabilities.

*Calculate the default barrier and distance-to-default:

e Default Barrier: Book value of short term financial liabilities + Half of long term

financial liabilities

e The distance-to-default (DD) is calculated from the asset value and asset
volatility (estimated in the first step) and the book value of liabilities.
DD = (market value of assets — default barrier) / (market value of assets)*(asset

volatility)

*Calculate the default probability: The default probability is determined directly from the

distance-to-default and the default rate for given levels of distance-to-default.
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Iv.

TESTING THE MODEL AND ESTIMATION OF PARAMETERS

Financial indicators of Eregli Demir ve Celik Fabrikalar1 A.S. are used in the model derived in

section three.

IV.1 The Volatility of the Equity

The returns in many financial markets are not well modeled by an independent an identically
distributed process. At very high frequencies return may show signs of autocorrelation, so that
they are not independent. Lower frequency returns may not be auto correlated, but there is often a

strong autocorrelation in squared returns, and so again returns are not independent.

Although volatility is not directly observable, it has some characteristics that are commonly seen
in asset returns. Tsay (2002) decomposed the characteristics of the volatility into four parts. First,
there exist volatility clusters (i.e., volatility may be high for certain time periods and low for other
periods). Second volatility evolves over time in a continuous manner - that is, volatility jumps are
rare. Third volatility does not diverge infinity — that is, volatility varies within some fixed range.
Statistically speaking, this means that volatility is often stationary. Fourth, volatility seems to
react differently to a big price increase or a big price drop. These properties play an important
role in the development of volatility models. EGARCH model was developed to capture the

asymmetry in volatility induced by big “positive” and “negative” asset returns.

IV.1.1 The Exponential Garch Model (EGARCH):

Brooks (2002) demonstrated that negative shock in financial markets is likely to cause volatility
to rise by more than a positive shock of the same magnitude. In the case of equity returns,
asymmetries are attributed to leverage effects, whereby a fall in the value of a firm’s stock causes
the firm’s debt to equity ratio to rise. This leads shareholders to perceive their future cash flow

stream as being relatively more risky.
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GARCH models enforce a symmetric response of volatility to positive and negative shocks.
These models have to place non-negativity constraints on the parameters to avoid generating
negative variances, even though this may restrain the model dynamics. The EGARCH models
eliminate the need for such constraints by formulating the conditional variance in logarithmic
terms. Several studies have found that exponential GARCH model fits financial data better than

GARH models. Taylor (1994), Heynen (1994), Lumsdaine (1995).

Nelson and Daniel (1991) defined EGARCH model as:

Ln(oy) = (- + o In(oy ) + 9(&)

2
g(gt—l) - ggt—l T HEHH A

IV.1.2 Estimating EGARCH Model:

In Eregli Demir ve Celik Fabrikalar1 A.S. case, the stock returns are computed in a logarithmic

form between the days of 12-30-2005 and 10-30-2009 (963 observations)
o In(R)
' In(P.)
t-1
The correlogram of the returns demonstrates that there is autocorrelation between daily returns.'

Hence, mean equation is modeled as simple autoregressive model, AR(I) :

Ri=¢R. +& & = 0.&
The estimated equation shows that coefficient is significant at the 5% confidence interval.” The
more important result is there is strong correlation between squared residuals, demonstrating

ARCH effect.’

! Appendix 1. Correlogram of Daily Stock Returns
? Appendix 2. AR(1) Estimation Output
* Appendix 3. Correlogram of Residual Squared
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EGARCH (1,1) model is estimated as:

gt—l

N(o, )=-0. + U. n(o, ,)+| -0. —+ .
L tz 0.487106+0.9545721 t21 0.04037 s 0.215024
O Oy

it & 20 Ln(o})=-0.487106 +0.954572 In(o’, ) + 0.174659 Lo
| Gt-l

it &, <0 Ln(c})=-0.487106 +0.954572 In(c;’,) — 0.25539 L

Gt-l

All the coefficients of the model are statistically significant at the 10% significance level.* Also,
Correlogram of Standardized Residual Squared and ARCH LM test of the EGARCH model
shows, there is no correlation between residuals squared.” Meaning that model capture all the
variations.

Estimated EGARCH model highlights the asymmetric responses in volatility to the past positive
and negative shocks as expected. Absolute value of negative shock (0.25539) is higher than
positive (0.174659)

Taking antilog transformations to the estimated equation,

0.174659 L

2 __2%0.954572 —0.487106 o
Ifgt_lzo’gt =0 X e X e t-1
2 2x0.954572 0.487106 2025539541

x0. _0 o

16, <0, 0 =0 xe <e o

For example, for a 2 standard deviation shock,

UtZ (gt_l — _2) B e—0.25539><(—2)

= ="' =1.175225
O_t2 (gt_l — 2) e0.174659><(2)

Therefore, the impact of a negative shock of size two standard deviation is about 17,5% higher
than that of a positive shock of the same size. Eregli Demir ve Celik Fabrikalar1 A.S case

obviously demonstrates the asymmetric feature of EGARCH models.

* Appendix 4. EGARCH (1,1) Estimation Output
> Appendix 5. Residual Tests of EGARCH(1,1) Model
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3: Stock Volatility of Eregli Demir ve Celik Fabrikalar1 A.S.
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IV.2 The Market Value of the Equity & Default Barrier

Market value of the firm is calculated as follows:

Market Value of The firm: Daily Share Price x Number of Shares Outstanding x (Nominal
Value of Outstanding Shares / Nominal Value of All Shares)
Default Barrier: Book value of short term financial liabilities + Half of long term financial

liabilities

Figure 4: Market Value and Default Barrier of Eregli Demir ve Celik Fabrikalar1 A.S.

Eregli Demir ve Celik Fabrikalar: A.S.
Billion TL (Market Value & Default Barrier)
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IV.3 Risk-free Interest Rate

Treasury bond interest rate with continuously compounding which has highest trade volume is

used as a risk free rate.
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Figure 5: Daily Interest Rates

Daily Interest Rates

% (% Continuously Compounding)

10 Treasury bond daily interesi rate which has higihest trade volume |

2005 2006 2007 2008 2009
Source: Istanbul Stock Exchange, Bonds and Bills Market Daily Bulletins

IV.4 Time

In the model, it is assumed that the firm's liabilities will be matured in a year. So T equals 1

(T = 1) Therefore probability of default figures show the likelihood of the default one year

later from the date plotted in the figure.

IV.5 Default Probability

Appling CCA approach by using stock volatility, market value and book value of financial
liabilities of the firm, probability of default figures are stated below.
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Eregli Demir ve Celik Fabrikalar1 A.S.
(Probability of Default)
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Figure 6: Default Probability of Eregli Demir ve Celik Fabrikalar1 A.S.
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CCA approach confirms that this type of models can be used easily in Turkish firms. Results
show that CCA approach significantly captures the real market conditions. For example, firm’s
default probability rises rapidly in September 2008 — November 2008 period. At the same period,
daily volatility of the stock raised from 3% to 6% , market value of the firm decreased sharply
and firm’s financial liabilities increased. It is expected that such circumstances rise the default
probability of any firm and model identified these conditions at least in Eregli Demir ve Celik
Fabrikalar1 A.S case. Stock returns of Eregli Demir ve Celik Fabrikalari A.S. have excess
kurtosis and positive skewness.® Probability distribution of the returns presents heavy tails and
asymmetry. So Gram-Charlier gives more precise results than Black-Scholes which has normal
distribution assumption about stock returns, in other words which assumes kurtosis and skewness
3 and 0 respectively. Default probability figures shows that Gram-Charlier model gives higher
values than Black-Scholes. This is consistent with the heavy-tailed probability densities which
have higher weight in the tails. Probability of defaults rises together with the increasing
probability of getting large negative or large positive values because of excess kurtosis and

positive skewness.

IV.6 Duration of the Liabilities & Default Probability

In The Contingent Claims Approach, the only variable is needed to focus on is N (d ) It does
not matter which option model is applied, N (d ) always presents the risk level of the company.
In Black Scholes model, N (dz) is defined as the probability that the firm’s value at time T
will be higher than Default Barrier. So, the probability of default is 1-N (d2 ) =N (_dz) .

So, any variable that raises (dz) moves up N (dz) and provides decrease in default

probability. Similarly, any variable that reduces (dz) moves down N(dz) and causes

® Appendix 6. Histogram, statistics and quantile of the returns
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increase in probability of default. In this section, the impacts of the duration of the liabilities, time

parameter T , 1s analyzed.

(d 2 ) parameter can be separated into two parts:

2
hlgiei— r _'EZA’-T
d, = DB+

ToNT T @1
A A

2
h]_fi_ f . r—2a
DB O,, T , parameters can take only positive values. 7 term can take

negative or positive values according to market conditions.

The first partial derivative of the (d 2 ) with respect to T for the first part of the equation 24 is

( A]

Inf — |

od,(partl) 1 DB T2

— a5 - (25)
oT 2 o,

The first partial derivative of the (d2 ) with respect to T for the second part of the equation 24

1S

e
1
8d2(part2):l 2 T2
oT 2 o,
(26)
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At this level, there are two options that can be faced:

1. If,

It is already mentioned that = 2 term can be positive or negative,

2

O
__A
. If r 2 >0 , the sum of the equations 25 and 26 is negative. This reduces

N (dz)and raises probability of default. In other words, increasing the

duration of the liabilities does not reduce the probability of default at this stage.

2

Oa
ii. If r— 2 <0 , the sum of equations 25 and 26 is still negative. This reduces

N (d 2 )and raises probability of default.
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2

Oa
1. If r= 2 <0 , the sum of the equations 25 and 26 is negative. This reduces

N (d2 )and raises probability of default. Again, increasing the duration of the

liabilities does not reduce the probability of default.

2

On
i, If r= 2 >0 , the sum of the equations 25 and 26 is positive now. Meaning

that increasing the duration of the liabilities or time to maturity rises the

N (d 2 )and finally reduces default probability.

It is obviously expected that replacing the long-term liabilities with short term liabilities or
extending the duration of the liabilities in a firm reduces default risk. Moreover, default
probability of a firm with longer liability duration should be lower than a firm with shorter
duration. But, this is not exactly true for all occasions. Interactions between the variables are not
linear in option pricing models. Furthermore, market value of equity, volatility of stock returns
and risk free rate are determined exogenously by the supply and demand conditions in the
markets. Increasing duration of liabilities may not reduce the default risk in dissimilar market
conditions. Moreover, duration of the liabilities and leverage level of the company should be
considered together. After exceeding a certain leverage level, investors who determine the most
important variables of default risk models, market value and volatility of the stock returns, do not
take into account the duration of the liabilities. After certain leverage level, market value of the
firms starts to decline and volatility of the stock returns rise whatever the duration of the

liabilities is. And finally, default probability of the firm increases.
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V.

CONCLUSION

Considering the volatile and vulnerable macroeconomic conditions of the Turkish economy, a
model attempts to measure the credit risk or default risk of a Turkish company have to cover
variables which consist of market values. Value of the corporations can change in a short period
of time —particularly in financial turmoil periods—even if it has a strong financial indicators
because of the systematic risk of the Turkey. Therefore, traditional models focused on the book
value of the firm are not able to discover the credit risk effectively in a volatile economy like
Turkey. Nonetheless, lagged accounting periods can not allow to asses the credit risk of the
company timely. For example, market value of Eregli Demir ve Celik Fabrikalar1 A.S. has gone
down 57% in September-November 2008 period. If traditional models were used instead of CCA,

this deterioration in the asset value of the company could not been taken into account.

On the other hand, reduced form models which try to assess credit risk of the companies by using
credit spreads can not be used in Turkey in short term. First of all, there would be private sector
bonds that are traded publicly in order to apply this kind of models. However in Turkey,
corporations have not tended to issue these instruments because of public sector borrowing
requirement and tax policy. Big portion of the private saving absorbs by the public sector.
Consequently, cost of borrowing for private sector rises. Besides, withholding tax on private
bonds again raises the costs. Additionally, there must be liquid markets where the corporate
sector borrowing instruments are traded to assess the credit risk of the company. Even if a
company issues a bond, the illiquid market conditions do not let to assess default risk of the

company efficiently.

Contingent Claim Approach is the suggested approach in this study for assessing default risk of a
company which uses the market value of the firm. This thesis proves that, deterioration in real
market data is modeled very well by applying CCA. In Eregli Demir ve Celik Fabrikalar1 A.S
case, default probability of the firm rises sharply in periods when the market values of the firm

decline, volatility of the stock and indebtedness of the company increase. Because of the financial
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turmoil in September 2008 — November 2008 period, market value of the firm decreased by 57%.
At the same period, annual volatility of the stock returns increased from 45% to 95% and stayed
at 80% level. Results of the CCA approach has confirmed that default probability (DP) of the
firm raised simultaneously together with these unattractive conditions of the financial markets.
DP of the firm has increased sharply starting at 1% level and reached 57% within three months.
CCA model is successful in finding the relation among DP, the volatility and value of the firm’s

asset.
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APPENDIX

1- Correlogram of Stock Retuns:

Included observations: 963
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-0.025 -0.020 13.221
0.008 0.013 13.289
-0.032 -0.036 14.257
-0.028 -0.021 15.012
-0.055 -0.051 17.955
-0.062 -0.054 21.688
0.043 0.054 23.466
0.082 0.067 29.995
0.013 -0.005 30.147
-0.025 -0.024 30.770
0.021 0.023 31.200
0.061 0.053 34.809
-0.013 -0.026 34.974
0.054 0.068 37.854
0.010 0.009 37.954
0.031 0.038 38.928
-0.002 -0.010 38.932
-0.011 -0.016 39.042
-0.060 -0.045 42.568
0.063 0.087 46.526
0.034 0.013 47.658
-0.004 -0.008 47.670
0.012 0.020 47.805
0.085 0.077 54.938
0.034 0.008 56.077
0.029 0.023 56.928
0.008 0.009 56.986
-0.026 -0.015 57.642
-0.013 0.003 57.812
0.027 0.014 58.551
-0.064 -0.070 62.706
-0.132 -0.107 80.026
-0.017 0.009 80.317
0.017 -0.014 80.622

0.000
0.002
0.004
0.010
0.014
0.020
0.012
0.006
0.005
0.001
0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.003
0.005
0.007
0.004
0.002
0.002
0.003
0.004
0.001
0.001
0.001
0.001
0.002
0.002
0.003
0.001
0.000
0.000
0.000




2- AR(1) Estimation Output

Dependent Variable: R
Method: Least Squares
Sample (adjusted): 2 963
Included observations: 962 after adjustments
Convergence achieved after 2 iterations

Variable Coeffic. Std. Error  t-Statistic ~ Prob.

AR(1) 0.113553 0.032039  3.544182  0.0004

R-squared 0.012650  Mean dependent var  0.000477

Adjusted R-squared 0.012650  S.D. dependent var 0.029833

S.E. of regression 0.029644  Akaike info criterion  4.198099

Sum squared resid ~ 0.844475  Schwarz criterion 4.193038

Log likelihood 2020.286  Durbin-Watson stat 1.994312

Inverted AR Roots A1
3- Correlogram of Residual Squared

Sample: 2 963

Included observations: 962

Q-statistic

probabilities

adjusted for 1

ARMA term(s)

Autocorrelation  Partial Correlation AC  PAC Q-Stat Prob
J* J* 1 0.128 0.128 15.760
J* ] J* 2 0.139 0.125 34.484 0.000
J* J* ] 3 0.141 0.113 53.629 0.000
J* ] J | 4 0.103 0.062 63.833 0.000
J*] J* 5 0.148 0.106 85.044 0.000
5 N | 6 0.110 0.057 96.809 0.000
] 5 7 0.136 0.082 114.90 0.000
J* ] J* 8 0.135 0.073 132.56 0.000
J* 5 9 0.134 0.070 149.99 0.000
I N | 10 0.071 -0.007 154.88 0.000
J* N | 11 0.104 0.036 165.33 0.000
J* ] J | 12 0.129 0.063 181.56 0.000

|

o
o

13 0.185 0.123 215.07 0.000
14 0.227 0.154 265.54 0.000
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4- EGARCH (1,1) Estimation Output

Dependent Variable: R

Method: ML - ARCH (Marquardt) - Normal distribution

Sample (adjusted): 2 963

Included observations: 962 after adjustments
Convergence achieved after 9 iterations

Variance backcast: ON

LOG(GARCH) = C(2) + C(3)*ABS(RESID(-

1Y@SQRT(GARCH(-1))) +

C(4)*RESID(-1)/@SQRT(GARCH(-1)) +

C(5)*LOG(GARCH(-1))

Coeffic. Std. Error  z-Statistic ~ Prob.
AR(1) 0.059437 0.033403  1.779394  0.0752

Variance Equation
C(2) 0.487106 0.103549  -4.704113  0.0000
C@3) 0.215024 0.036683  5.861740  0.0000
C4) 0.040365 0.017837  -2.262969 0.0236
C(5) 0.954572 0.012055  79.18659  0.0000
R-squared 0.009719  Mean dependent var ~ 0.000477
Adjusted R-squared 0.005580  S.D. dependent var 0.029833
S.E. of regression 0.029750  Akaike info criterion 4.343118
Sum squared resid ~ 0.846982  Schwarz criterion 4317811
Log likelihood 2094.040  Durbin-Watson stat 1.888691
Inverted AR Roots .06
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5- Residual Tests of EGARCH(1,1) Model

Correlogram of Standardized Residual Squared

Sample: 2 963

Included observations: 962
Q-statistic

probabilities

adjusted for 1
ARMA term(s)

Autocorrelation Partial Correlation

AC

PAC

Q-Stat Prob

0O Nk W —

0.002 0.002 0.0053
0.010 0.010 0.1013
-0.003 -0.003 0.1083
-0.026 -0.026 0.7457
-0.019 -0.019 1.0966
0.014 0.014 1.2824
0.038 0.038 2.6936
-0.045 -0.046 4.6542
0.011 0.010 4.7801
-0.003 -0.002 4.7903
-0.021 -0.019 5.2355

0.010
0.023
0.038
0.022
0.019
0.015
0.026

0.009
0.021
0.038
0.024
0.015
0.018
0.030

5.3389
5.8509
7.2423
7.7302
8.0721
8.2951
8.9822

-0.025 -0.026 9.6107
-0.038 -0.038 10.999
-0.020 -0.020 11.387
-0.034 -0.031 12.517
0.009 0.008 12.589
-0.018 -0.021 12.902
0.008 0.006 12.959
-0.011 -0.007 13.070

0.013
0.016
0.010
0.045
0.034
0.045

0.011
0.014
0.009
0.038
0.033
0.042

13.236
13.497
13.590
15.582
16.745
18.804

0.750
0.947
0.862
0.895
0.937
0.846
0.702
0.781
0.852
0.875
0914
0.923
0.889
0.903
0.921
0.940
0.941
0.944
0.924
0.936
0.925
0.944
0.954
0.967
0.976
0.982
0.986
0.990
0.980
0.976
0.958
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ARCH-LM Test

ARCH Test:

F-statistic 0.537357  Prob. F(36,889) 0.988637
Obs*R-squared 19.72086  Prob. Chi-Square(36) 0.987419
Test Equation:

Dependent Variable: WGT _RESID”2

Method: Least Squares

Sample (adjusted): 38 963

Included observations: 926 after adjustments

Variable Coeffic. Std. Error  t-Statistic ~ Prob.

C 0.904546 0.200313  4.515652  0.0000
WGT_RESID"2(-1) -9.54E-05 0.033528  -0.002846 0.9977
WGT_RESID"2(-2) 0.010645 0.033505  0.317699  0.7508
WGT_RESID"2(-3) 0.002618 0.033690  0.077722  0.9381
WGT_RESID"2(-4) 0.026708 0.033737  -0.791653 0.4288
WGT_RESID"2(-5) 0.018746 0.033722  -0.555907 0.5784
WGT_RESID"2(-6) 0.021843 0.033714  0.647880  0.5172
WGT_RESID"2(-7) 0.033074 0.033694  0.981612  0.3266
WGT_RESID"2(-8) 0.039973 0.033705  -1.185954 0.2360
WGT_RESID"2(-9) 0.014983 0.033734  0.444140  0.6570
WGT_RESID"2(-10) 0.006360 0.033738  0.188497  0.8505
WGT _RESID"2(-11) 0.021410 0.033733  -0.634691 0.5258
WGT_RESID"2(-12) 0.010904 0.033773  0.322869  0.7469
WGT_RESID"2(-13) 0.020483 0.033766  0.606600  0.5443
WGT_RESID"2(-14) 0.033807 0.033775  1.000949  0.3171
WGT_RESID"2(-15) 0.024760 0.033779  0.732989  0.4638
WGT_RESID"2(-16) 0.012921 0.033772  0.382612  0.7021
WGT_RESID"2(-17) 0.017833 0.033752  0.528357  0.5974
WGT_RESID"2(-18) 0.024843 0.033748  0.736140  0.4618
WGT_RESID"2(-19) 0.023703 0.033744  -0.702416 0.4826
WGT_RESID"2(-20) 0.034722 0.033747  -1.028900 0.3038
WGT _RESID"2(-21) 0.024224 0.033762  -0.717490 0.4733
WGT_RESID"2(-22) -0.09649 0.033775  -0.877843  0.3803
WGT_RESID"2(-23) 0.008369 0.033512  0.249724  0.8029
R-squared 0.021297  Mean dependent var  1.006546
Adjusted R-squared 0.018336  S.D. dependent var 1.679415
S.E. of regression 1.694742  Akaike info criterion  3.932074
Sum squared resid ~ 2553.341  Schwarz criterion 4.125101
Log likelihood 1783.550  F-statistic 0.537357
Durbin-Watson stat  1.998370  Prob(F-statistic) 0.988637
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6- Histogram, Statistics and Quantile of the Returns

240
Series: R
200 Sample 1 2000
Observations 963
1604 Mean 0.000452
Median 0.000000
120- Maximum 0.144831
Minimum -0.119665
Std. Dev. 0.029828
80+ Skewness 0.153751
Kurtosis 5.430172
40
Jarque-Bera  240.7618
0 Probability 0.000000
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