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Abstract: The paper gives an overview of current conceptual framework for the credit risk assessment 
dedicated to banks. The framework utilises the Merton model to estimate the default probabilities of 
companies that are supposed to be the main borrowers causing a formation of a greater credit risk in banks. 
By doing this, banks are able to reaffirm the ability of their borrowers in meeting loan commitments. 
Conceivably, it can facilitate the banking decision-making process and next complementing the existing 
instruments of credit risk mitigation. The framework has been applied to 56 Malaysian companies listed in 
the market stock indicator that is Bursa Malaysia for the default probabilities estimation. In the meantime, 
the paper compares the estimated default probabilities with the companies’ rating issued by Malaysian 
Rating Corporation Berhad (MARC) and RAM Rating Holdings Berhad (RAM) in order to determine the 
capability of Merton model in estimating the default probabilities of Malaysian companies. It is found that 
the estimated default probabilities are compatible to the ratings issued by both rating agencies. The model 
is seen to be able to predict the default probabilities in two year advance and successful in describing the 
changes of the companies’ rating outlooks. 
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INTRODUCTION

After years of globalisation, the world is still
getting shocked by the bankruptcy of biggest
corporations that fail in meeting their debt obligations.
The bankruptcy filed by biggest American corporations 
like General Motors Corporation in 2009, Lehman
Brothers Holdings in 2008 and Enron Corporation in 
2001 are enough to show the world to take critical
consideration on credit risk. Currently, credit risk is a 
significant risk that has been given attention by
everyone especially the firm managers. Credit risk can 
be considered as the global credit crisis that can affects 
the world economic downturn. Unemployment and
market prices rises, income and profit drop if the world 
is in economic depression.

Credit risk needs to be understood and managed 
effectively especially for banks that operate as main 
capital provider to firms. The failure of borrowers to 
make payment as promised can lead to the losses into
their business. Risk mitigation is extremely needed in 
reducing the credit risk exposure since such risk cannot 
be eliminated because of its complex structure that 
cannot be removed from asset [1]. The common
techniques used by banks to mitigate credit risk are 
through the strict regulations, collateral, guarantees and 
derivatives. Some of the banks already have their own 

internal rating system to monitor and control the overall 
of credit portfolio. In the meantime, there are also 
external rating agencies such as Moody’s, Fitch, S&P, 
MARC and RAM that provide an external rating for the 
companies’ creditworthiness. Those techniques and
tools are really helpful and important for banks to 
ensure the security of their loans. Of course there are 
lots of techniques and instruments offered by banks. 
However in this paper, concentration is given in the 
credit risk assessment that is limited to the estimation of 
companies default probabilities. We did not intend to 
eliminate the risk totally or determine that such
companies will default or not. But just as the continuity 
of better perceptiveness of the company’s position in 
fulfilling their loan obligations. Thereby, a quantitative 
judgemental tool is provided for banks in making
financial decisions. 

Accordingly, the purposes of this paper are to 
introduce the flowchart used in estimating the default 
probability of a company in using Merton model, and to 
examine the capability of the Merton model in
estimating the default probabilities of Malaysian
companies by comp aring the values with the ratings 
issued by MARC and RAM. The rest of this paper is 
arranged as follows: first section gives the brief
introduction on the Merton model. Second section
explains  the  credit  risk  modelling.  In this section, the 
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flowchart of credit risk assessment is described also, the 
steps to calculate the unknown variables in the Merton 
model. Third section presents the results and
discussions.  Lastly is the conclusion.

MERTON MODEL

The success of Merton model in financial
economic field has led to the research on credit risk 
modeling. Reference [2] extended the Black-Scholes
option pricing model to the simplest case of corporate 
debt where no coupon payment made on the issued 
bond. The reference [2] assumed that the company’s 
equity, E is a function of asset value, VT that follows the 
lognormal distribution process under the Brownian
motion. The equity behaves like a European call option 
with firm’s debt, D as the strike price that defined as

( ) [ ]DVVE T −= max0, (1)

where the “max” is presenting the creditworthiness of 
equity’s firm.

This initial boundary condition (1) is crucial in the 
justification of default theory. Reference [2] inserted
the elements of default by assuming the worthiness of 
firm’s equity at maturity is depends on the ability of a 
firm to make its promised payment on the bond issued. 
If the value of firm’s asset at maturity, VT is below than 
the total value of firm’s debt, D then default would 
occur. The firm will not be able to pay its debt since the 
value of equity has become worthless.

Based on (1), an equity formula has been formed 
which the value of equity at any duration 

tT −=  is given as

( ) ( ) ( )21, dDNedNVVE r−−= (2)

with N(d1) and N(d2) as the cumulative probability 
distribution functions for a normal distribution for some 
value of d which are
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The quantity Vt  is the value of company’s asset at 
time t , D is the total value of company’s debts, r is the 
risk free rate of interest, sV is the company’s annualized 
asset’s volatility and t  is time for debt to mature. 

So based on the equity approach, a formula for
pricing the creditworthiness of firms has been
introduced by reversing the term N(d2) becomes N(- d2).
Where the term N(d2) is defined as the probability of a 
firm to finish in money and so forth able to pay its 
promised payment [3]. By applying the martingale
approach, the probability of default at time T, PT can be 
written as:
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where µ as the annualized company’s drift rate.

CREDIT RISK MODELING

In this section, three subsections are provided to 
explain the methodology of credit risk modeling. First 
subsection introduces the current conceptual framework 
of credit risk assessment in a form of flowchart. Second 
and third subsections explain the steps in calculating the 
unknown variables represent by the value  of  company
asset, Vt , company’s annualized asset  volatility, sV
and the  annualized  company’s drift rate, µ
respectively.  The steps are illustrated based on the 
approaches used by references [4-7].

Conceptual framework: The paper introduces the
framework in the form of flowchart used in estimating 
the default probability of a company as shown in Fig. 1. 

Calculating the value of company asset,Vt  and its 
annualized volatility, s V: The paper provides the steps 
to calculate the value of company’s asset and its
volatility that involves with two options, either within 
or without the iteration procedure. The steps are
illustrated as below:

• Set the time for debt to mature, t  for example in 
this paper it is equal to one year.

• Calculate the daily equity, E values by multiplying
the share price with the number of outstanding 
shares.

• Calculate the total daily of debt, D values by 
adding up the short term debt and the current 
portion of long term debt.

• Calculate the daily natural log of risk free rate, r by 
continuously compounding the one year Malaysia
Treasury Bills .

• Assumed the initial daily values of asset at t , Vt  are 
based on the summation of debt values, D and 
equity values, E at t  that expressed as 
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Fig. 1: The flowchart used in estimating the default 
probability of a company

( ) ( ) ( ),, VDVEV += .

• Find the daily asset log returns of Vt .
• Find the initial value of sV by annualize the

standard deviation of daily asset log returns of Vt  to 
its trading days, for example 250 trading days.

• Apply the iterative procedure to generate the
newest Vt  and sV. The iteration will be repeated 
until the two consecutive Vt  converge to at least 
10¯3.  Only then, the final values of Vt  and sV will
be obtained.

However for the framework application, the
iterative procedure is omitted since this is not the
priority of this paper.  Furthermore, the differences 
between the values of asset before and after the
iteration procedure are found reliably small to give
effect in the values of asset volatility, drift rate and 
default probabilities.  Therefore, the initial daily values 
of asset and its volatility are taken to be the final values. 

Typically, a sample size of 90 days to 180 days 
asset log returns is enough to calculate the asset 
volatility.  Nonetheless, in predicting default probability 
of a company, a greater sample size is better for
observation of company’s risk behaviour.

Calculating the annualized company’s drift rate, µ:
There are various ways of determining the drift rate of a 
company.  In this paper, drift rate is calculated through 
the  Capital  Asset  Pricing  Model (CAPM) due  to  the
correct  spirit   brings   by   CAPM   in   calculating  the 

expected return of a company, Rc. The CAPM formula 
used to calculate the Rc is given as follows [8]:

( )rRrR mc −+= (4)

Here r is the risk free rate of interest, ß is the 
company asset market beta and (Rm – r) is the average 
annualized market risk premium. The variable Rm is 
actually represents the market returns that are expected 
to receive from Bursa Malaysia. While ß represents the 
covariance of company’s asset returns with the market 
returns divided by the variance of the market returns as 
below:

( )
2

cov

mR

mc RR •
= (5)

The steps involved in calculating the drift rate are 
illustrated as follows:

• Again, set the t  is equal to one year.
• Set the risk free rate, r of interest.
• Set the daily asset values, Vt .
• Set the daily closing price of FTSE Bursa Malaysia 

(FBM KLCI) as the stock market indicator.
• Calculate the daily asset returns of Vt .
• Calculate the daily returns of FBM KLCI.
• Calculate beta, ß using (5).
• Calculate the company’s expected asset return, Rc

using (4).
• Compute the drift rate, µ by continuously

compounding of Rc.

RESULT AND DISCUSSIONS

The paper considers 56 samples of Malaysian
companies’ data from 2008 to 2010 obtained from
DataStream, including the companies’ rating taken
from websites MARC [9] and RAM [10]. From this 
information and steps illustrated before, we estimated 
the default probabilities of Malaysian companies in 
each year starting from the year, 2008 until 2010. The 
results are presented into three tables. 

Based on Table 1, the estimated default
probabilities can be said to be compatible to the ratings 
AAA to A- issued by MARC in 2008 until 2010.
However, if we arranged the default probabilities
followed by the ratings from AAA to A-, the values fail 
to show the boundary of default probabilities for each 
rating. There are two reasons for this failure. First, the 
estimated default probabilities with better rating have 
bigger values than the lesser rating. Such as shown in 
year 2010, Boustead Holdings had been rated AAA that 
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Table 1: The default probabilities of 26 companies listed in Bursa Malaysia followed by the ratings of AAA until A- issued by MARC in 2008, 
2009 and 2010

Default probability Rating issued by MARC
---------------------------------------------------------------- -----------------------------------------------

No Company 2008 2009 2010 2008 2009 2010
1 Umw Holdings 3.35E-21 1.18E-71 7.41E-96 AAA AAA AAA
2 Boustead Holdings - - 1.61E-13 - - AAA
3 Lbs Bina Group - - 5.75E-05 - - AAA
4 Misc - - 9.98E-21 - - AAA
5 Ijm Corporation 9.94E-03 2.63E-12 3.72E-43 AA- AA- AA-
6 Scomi Group - 1.45E-02 3.17E-03 - AA- AA-
7 Top Glove Corporation - 3.97E-224 - - AA- -
8 Tsh Resources - 5.96E-09 - - AA- -
9 Alam Maritim Resources - - 1.34E-08 - - AA-
10 Knm Group - - 6.28E-07 - - AA-
11 Wct - - 5.09E-21 - - AA-
12 Drb-Hicom 3.80E-02 - - A+ - -
13 Atlan Holdings - 9.82E-103 - - A+ -
14 Weida (M) - - 6.30E-13 - - A+
15 Berjaya Land 4.43E-06 9.53E-16 4.20E-14 A A A
16 Malaysian Ae Models 1.00E-03 - - A - -
17 Degem - 5.9E-04 - - A -
18 Delloyd Ventures - - 1.08E-60 - - A
19 Goodway Integrated - - 3.11E-03 - - A
20 Leader Universal - - 6.77E-08 - - A
21 Prinsiptek Corporation 7.07E-02 - - A- - -
22 Aliran Ihsan Resources 6.44E-29 5.98E-30 1.91E-10 A A AA-
23 Glomac - 2.87E-09 9.52E-07 - A- A
24 Petra Perdana 1.41E-02 2.19E-03 1.23E-05 A+ A+ A-
25 Osk Property Holdings - 1.71E-03 8.25E-07 - A A-
26 Puncak Niaga Holdings - 8.40E-10 3.17E-08 - A+ A-

Table 2: The default probabilities of 9 companies listed in Bursa Malaysia followed by the ratings of BBB+ until B-issued by MARC in 2008, 
2009 and 2010

Default probability Rating issued by MARC
---------------------------------------------------------------- -----------------------------------------------

No Company 2008 2009 2010 2008 2009 2010
1 Mk Land Holdings 1.51E-01 2.29E-03 - BBB+ BBB+ -
2 Boon Koon Group - - 8.00E-02 - - BBB-
3 Olympia Industries 4.12E-03 - - BB- - BB-
4 Dutaland 4.51E-04 - - BB- - B
5 Land & General - 5.25E-18 - - B -
6 Hytex Integrated - - 4.73E-01 - - B+
7 Talam Corporation - 3.70E-01 2.48E-02 - B- B-
8 Mithril 3.83E-01 4.70E-01 - BB B+ B
9 Vastalux Energy - 2.10E-01 - - - -

is  better  than  the  Delloyd  Ventures  that  rated  as
A,  but  the  default  probabilities  for Boustead
Holdings  is  greater  than  Delloyd  Ventures. Second,
the  estimated  default  probabilities  with  the same 
rating supposedly to have close default probabilities, 

but Table 1  did  not  reflect  the  fact  as  shown 
between  Top  Glove  Corporation  and Tsh  Res. So we 
cannot limit the range of the default probabilities for 
each rating from AAA to A- due to these inconsistent 
results.
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Yet, the default probabilities for the companies are 
still less than 2%. Typically a firm took about 2% of 
default probability in any year [4]. Hence, these makes 
the estimated default probabilities for the companies are 
still in low percentage and appropriate to the ratings 
AAA to A-. Among of the companies that rated 
between AAA to A- in Table 1, only two are estimated 
to have default probabilities greater than 2% which are 
Drb-Hicom and Prinsiptek Corporation. 

We also found only one company in Table 1 that 
shows the appreciation of default probabilities that are 
equivalent to the downgrading of the given ratings. The 
company is the Puncak Niaga Holdings where its default 
probabilities increase from 2009 to 2010 as the rating 
being downgraded from A+ to A-. The rest of the 
companies have show the appreciation and depreciation 
of default probabilities that not align with the upgrading 
and downgrading of the ratings. Supposedly if the
ratings getting upgraded by years, the values of default 
probabilities are getting lower and vice versa but what 
shown in Table 1 are contrast except for the Puncak 
Niaga Holdings. 

If we refer to the Table 2, half of the estimated 
default probabilities are found to be compatible to the 
ratings BBB+ to B-, while the other half is found too 
small and too large to be compared with the ratings 
issued as shown in Mithril. However we noticed that 
even the Mithril default probabilities’ does not reflect 
the rating of BB and B+ in 2008 and 2009, the
downgraded of the ratings from year to year appear to 
be compatible with the increasing of the default
probabilities. In addition, Mithril had been announced 
default and been downgraded to D in 2011 [9]. This is 
means the estimated default probabilities can also
present the ratings given in the future. 

Although we did not have enough ratings to prove 
our assumption, most of companies with big default 
probabilities were listed in PN17 companies such as 
Mithril that been listed in 2011, Talam Corporation in 
2008 and 2009 and Vastalux Energy in 2010 and 2011 
[11]. The companies are listed in PN17 due to the 
failure in meeting any of the criteria pursuant to
Practice Note 17/2005 of the listing requirement of
Bursa Malaysia Securities Berhad. The companies are 
alleged to be in financial distress.

We also found in 2010, the Talam Corporation had 
been delisted from PN17 companies which are parallel 
to the decreasing of the default probabilities from 37% 
to 2.48%. In other words, these incompatible default 
probabilities against its rating contain valuable
information as it can give a prediction of the
companies’ position at present and in the future. 

The estimated default probabilities in Table 3 share 
the same discussions as in Table 1 and 2 in term of 
ratings compatibility.  Since the ratings issued by RAM 

are also seen compatible to the estimated default
probabilities. However in term of the appreciation and 
depreciation of the default probabilities alignment
discussions, we refer to the rating outlooks that are 
attached for each rating issued by RAM. The reason we 
did this comparison is to justify our assumptions that 
the estimated default probabilities contain predictive
power to portray the company position at present and in 
the future. 

Starting with the first six companies in Table 3, we 
found the companies are attached with a stable outlook 
for three years respectively though the companies have 
different ratings and rankings. This is because the
attachment of stable outlook is used to indicate that the 
ratings are likely to remain unchanged. If a company 
already rated as A1 with stable outlook, thus the rating 
for next year is likely to remain A1. In the sense of 
what we estimated, the default probabilities are
permanently small as the year increases which are
parallel to the ratings AAA to A3 with stable outlook. 

If we refer to the rating outlooks given for the 
Kuala Lumpur Kepong, Poh Kong Holdings and Cahya 
Mata Sarawak, the rating outlooks had been changed 
from stable to positive and positive to stable. Via the 
positive outlooks, the ratings of the companies’ maybe 
raise and become better than the present position. These 
improvements are parallel to the estimated default
probabilities that are getting smaller as the rating
outlooks improved. 

Next we focus on the nine companies, from (10) to 
(18) in Table 3 that own negative outlooks between the 
three years. We found there are two companies that 
have default probabilities that not align to the changes 
of the rating outlooks which are Chemical Company of 
Malaysia and Silver Bird Group. Whereas the rest of 
companies are found to be aligned to the changes of 
rating outlooks issued by RAM in those three years. 
The estimated default probabilities are said to be
aligned if the estimated default probabilities increase as 
the rating outlooks changed from stable to negative, and 
decrease as the rating outlooks changed from negative 
to stable or negative to positive. 

In Table 3, we can see the reason why the default 
probabilities for rating B are lower than the rating A as 
it supposedly to be vice versa. Such as occur between 
the Rgb International and the Formis Resources. The 
default probabilities for Formis Resources are smaller 
than Rgb International even though the rating for Rgb 
International is better than Formis Resources. The
reason that explains this situation is the changes of 
rating outlooks. Formis Resources has been rated with 
improvement outlooks that are negative to stable
contradict to the Rgb International that rated with
depression outlooks that are stable to negative.
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Table 3: The default probabilities of 21 companies listed in Bursa Malaysia followed by the ratings of AAA until B2, P1until P2 and the rating 
outlooks issued by RAM in 2008, 2009 and 2010

Default probability Rating/Rating Outlook issued by RAM
--------------------------------------------------------------------------------------------------------------------------

No Company 2008 2009 2010 2008 2009 2010

1 Genting 2.90E-19 1.93E-26 8.86E-44 AAA/Stable/- AAA/Stable/P1 AAA/Stable/P1
2 Ytl Power International 2.08E-12 5.20E-50 - AA1/Stable/P1 AA1/Stable/P1 AA1/Stable/P1
3 Tenaga Nasional 2.35E-15 4.66E-26 - AA1/Stable/- AA1/Stable/- AAA/Stable/-
4 Star Publications Malaysia 5.29E-95 6.60E-36 3.36E-80 AA2/Stable/P1 AA2/Stable/P1 AA1/Stable/P1
5 Kpj Healthcare 1.65E-10 1.74E-38 1.98E-20 AA3/Stable/P1 AA3/Stable/P1 AA3/Stable/P1
6 Bandar Raya Developments 6.35E-03 7.56E-06 1.45E-09 A1/Stable/P1 A1/Stable/P1 A1/Stable/P1
7 Kuala Lumpur Kepong 1.10E-13 1.15E-19 - AA2/Stable/P1 AA2/Stable/P1 AA2/Positive/P1
8 Poh Kong Holdings 1.57E-03 1.73E-05 - A2/Stable/P1 A2/Positive/P1 A1/Stable/P1
9 Cahya Mata Sarawak 6.42E-05 5.44E-07 3.73E-08 A2/Positive/- A2/Stable/- A2/Stable/-
10 Tanjung Offshore 7.10E-05 1.85E-03 9.03E-07 AA3/Stable/- AA3/Negative/- AA3/Negative/-
11 Chemical Company of Malaysia 1.24E-05 5.88E-09 4.16E-16 AA3/Stable/P1 AA3/Negative/P1 AA3/Negative/P1
12 Silver Bird Group 6.95E-03 3.06E-03 - A2/Stable/- A2/Negative/- A2/Negative/-
13 Texchem Resources 7.52E-03 1.08E-02 1.26E-03 A3/Negative/P2 A3/Negative/P2 A3/Stable/P2
14 Rubberex (M) 2.32E-05 2.26E-07 6.20E-04 A3/Negative/- A3/Positive/- A2/Stable/-15

Rgb International 1.59E-02 1.46E-02 8.19E-02 A1/Stable/P1 A1/Stable/P1 BBB3/P3/RW_Neg
16 Formis Resources 2.61E-04 7.21E-11 2.83E-16 BBB1/Negative/P2 BBB1/Stable/P2 BBB1/Stable/P2
17 Lbs Bina Group 8.06E-03 - 5.75E-05 BBB2(s)/Negative/- -BBB1(s)/Stable/-
18 South Malaysia Industries - 2.09E-02 1.21E-02 - B2/Negative/- B2/Stable/-
19 Esso Malaysia 1.96E-05 5.49E-11 1.51E-18 P1/-/- P1/-/- P1/-/-
20 Media Prima 1.43E-07 2.82E-07 3.31E-40 P1/-/- P1/-/- P1/-/-
21 Prestar Resources 6.16E-02 4.05E-02 3.12E-03 P2/-/- P2/-/- P2/-/-

We also consider the short term ratings of P1 and 
P2 in Table 3. We observe the estimated default
probabilities for short term ratings are not differ much 
with the long term ratings. Companies with default 
probabilities less than 2% are rated as P1 or else as P2. 
So based on this and the last three companies, the 
estimated default probabilities are also said to be
compatible to the short term ratings issued by RAM. 

CONCLUSION

The application of Merton model has been
introduced in a form of a flowchart step by step and 
adapted in this study to determine the default
probabilities for Malaysian companies. Also, the ratings 
and the rating outlooks issued by MARC and RAM 
have been attached to examine the performance of
Merton model to estimate the default probabilities in 
Malaysian financial economic environment. 

Apparently, the default probabilities estimated
using Merton model is compatible to the ratings and 
rating outlooks issued by MARC and RAM. In spite of 
its compatibility, Merton model seen to have a poor 
performance in prescribing the specific range of default 
probabilities for each respective rating. However, we 
still can conclude that the companies that rated between 

AAA until A- and AAA until A3 by MARC and RAM 
respectively majorly have default probabilities below 
than 2%. Merton model is also seen to be able to 
estimate the default probabilities of companies with the 
rating D for two year in advance.

Moreover, we found that the appreciation and 
depreciation of the estimated default probabilities are 
more reasonable to be compared with the attachment of 
rating outlooks rather than only the ratings. So even 
sometimes the estimated default probabilities failed to 
show the upgrading and downgrading of the ratings, the 
values still able to convey the changes of rating
outlooks. Based on the results, it confirmed that the 
Merton model is an established model due to its ability 
in providing valuable information in estimating the
default probabilities of companies in multiple
perspectives.

Hence, we conclude that the application of the
framework in using Merton model can be adapted in 
estimating the credit risk of the loan approval towards 
Malaysian companies. This is because we believed that 
the framework able to give a better insight in making 
financial decision by describing the company’s position 
at present and in the future. Straightly reflects whether 
the companies are continuously stable and in convinced 
position to serve its debt and obligations.
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RAM: RAM Rating Holdings Berhad
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