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1. Introduction

Nowadays, the importance of financial risks, especially credit risks, is receiving more and
more attention. Especially the 2008 global financial crisis. This is mainly due to the structural
changes in economics, that is, the increase in the degree of globalization of the world's financial
markets. Credit risk refers to the potential loss that a financial institution may cause when the
borrower fails to perform its obligations. Therefore, it is important to effectively measure and

manage credit risk.

The main purpose of this thesis is to estimate the economic capital of ten selected bond
portfolios based on the CreditMetricsTM model, and to estimate the capital required for
unexpected losses caused by the credit risk of the Basel Agreement. It provides a possible way
to compare the results of the Basel Agreement (including Basel I, Basel II and Basel I1I) and

the CreditMetricsTM model.

The full thesis is divided into five chapters. Chapter 2 and Chapter 3 constitute the
theoretical part. The practical part can be found in Chapter 4. Chapter 5 is based on the summary

and conclusion of the results.

The theoretical part mainly focuses on different types of financial risks, followed by credit
risk management and model descriptions. Give some examples and describe financial risks in
detail, including credit risk, market risk, operational risk and liquidity risk. Finally, people

discussed different versions of the Basel Agreement on capital adequacy ratios.

In the practical part, an example of a portfolio of ten selected bonds traded on the Frankfurt
Stock Exchange was used as economic capital using the CreditMetricsTM model. In addition,
according to different versions of the Basel Agreement, different methods have been used to
estimate the capital required to make up for unexpected losses. The notional value of the entire
portfolio is 10 million Euros, and we have chosen a term of one year. Then, we will conduct a

special analysis and comparison of all the results.



2 Description of Financial Risk

This chapter describes four main types of banking risks, including credit risk, market risk,
liquidity risk, operational risk and other types of risk. Among these bank risks, credit risk is the

oldest and most risky risk, and we should pay more attention to it.

Banks are widely regarded as stable and dependent. However, risks arise when banks take
deposits from one group and use funds to provide credit products to another group. Banks have
always faced different types of risks, which often have potentially negative effects on their
business. Therefore, in order to minimize bank risk and make the bank operate well, the bank's
risk management came into being. This is a historic moment, including the measurement,

management and monitoring of bank risk.

There are four typical types of bank risk: credit risk, market risk, liquidity risk and

operational risk.
Figure 2.1 Banking risk
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2.1 Credit risk

Credit risk is the biggest risk for banks. This happens when the borrower or counterparty
fails to meet the contractual obligations. One example is the default or principal of the loan by
the borrower. Mortgages, credit cards and fixed income securities can default. Non-

performance of contractual obligations may also occur in the areas of derivatives and guarantees.

Although due to the nature of business models, banks cannot be fully protected from credit
risk, but they can reduce their exposure in a number of ways. As the deterioration of the industry

or issuer is often unpredictable, banks will reduce their exposure through diversification.

In this way, banks are less likely to be overexposed to larger loss categories during a credit
downturn. To reduce their exposure, they can borrow money from reputable people, trade with

high-quality counterparties, or have mortgages to support loans.

2.1.1 Types of credit risk

Classifying credit risk does help to identify and understand it better. Although credit risk
can be classified in different classification methods, the following classification is relatively

widely accepted:

e  Default risk
e Credit spread risk

e Downgrade risk

Default risk is the chance that a company or individual will be unable to make the required
payments on their debt obligation. Lenders and investors are exposed to default risk in virtually
all forms of credit extensions. A higher level of risk leads to a higher required return, and in

turn, a higher interest rate.

Credit spreads are the spreads between risk-free securities and certain bonds that may
have high risk. For example, the difference between Treasury yields and Class A bonds.
Generally, due to poor credit, bonds issued by companies must provide higher yields than

government bonds. In underperforming economies, spreads tend to widen.
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Downgrading risks occur when rating agencies (such as Moody's, Standard & Poor's, and
Fitch) have the potential to downgrade a particular debtor after making a loan. If one of the

rating agencies downgrades the company, it may be more difficult for the company to pay.

2.1.2 Factor affecting credit risk

In order to quantify credit risk, several major variables need to be considered: the financial
condition of the borrower; the severity of the consequences of the default on the borrower and
creditors; the historical trend of the default rate; the size of the credit line; and many
macroeconomic factors such as the economic environment , Institutional issues, legislation and
the natural environment. However, of all these possible variables, four of them are generally

considered to have a significant impact on credit risk, namely:

e Probability of default
e  Exposure at Default
e Given default loss

e  Maturity

Probability of default , also referred to as POD or PD, refers to the opportunity for the
borrower to fail to maintain financial capacity within a specific time frame (usually one year).
Generally, to compensate for the risk of default, the lender estimates that the higher the
borrower's probability of default, the higher the interest rate that the lender will charge the
borrower. On the other hand, borrowers can also reduce the risk of default through mortgages

or debt.

Credit ratings are often considered indicators of the probability of default. Credit ratings
can be assigned to any borrower, such as individuals, companies and sovereign governments.
Credit ratings fall into two broad categories, namely internal rating assessments and external
rating assessments. Both internal and external systems have similar ratings, that is, they contain

both qualitative and quantitative factors.

Internal rating assessments are performed by financial companies themselves, especially

banks. In order to ensure the reliable and consistent performance of the rating system, banks



wish to conduct their own internal rating assessments to establish a credit rating governance

framework.

External rating assessments are performed by credit rating agencies. Credit rating agencies
(CRAs) assess the creditworthiness of various borrowers. Rating agencies rate borrowers and

debt issuance.

There are two types of long-term credit ratings, including investment-grade and non-
investment-grade. Tab. 2.2 shows the rating scales used by the three major credit rating agencies

by Moody's, Standard & Poor's and Fitch.

Tab. 2.2 Long-term rating matrix

S&P, Fitch Moody’s
Prime AAA Aaa
High grade AA+, AA, AA- Aal, Aa2, Aa3
Upper medium grade A+ A, A- Al, A2, A3
Lower medium grade BBB+, BBB, BBB- | Baal, Baa2, Baa3
Non-investment grade speculative | BB+, BB, BB- Bal.Ba2, Ba3
Highly speculative B+, B, B- B1, B2, B3
Substantial risk CCC+, CCC, CCC- | Caal, Caa2, Caa3
Extremely speculative CC, C Ca
In default D C

Standard & Poor's and Fitch use intermediate modifiers for each category between AA and
CCC, such as plus () and minus (-), to show their relative position relative to the rating category.
These scoring expressions can correspond to the following same rating category as Moody's,
for example, AA has about the same meaning as Aal. Debt and issuers rated BBB or Baa are
considered significant speculation with significant uncertainty and are therefore considered

non-investment grade. An obligation of rank D indicates default.

Even if a company's credit rating is very good, the credit rating may change due to different
financial conditions throughout the year. In the "credit indicator" model, risk should be
considered not only as a cause of default, but also as a cause of default value due to debtor

upgrade or downgrade. In this case, it is important not only to estimate the likelihood of a default,
9



but also to assess the opportunity for migration. There is an example 7ab 2.3 is the company's

one-year transition matrix for Fitch in 2016.

Tab. 2.3 Corporate finance one-year transition matrix in 2016

Global Structured Finance One-Year Transition Matrix: 2016

CC and

Alh, L.y A BBE BE B CCC Below WD PIF
Y- 7522 0.4 031 [LR] 13 2B — — ).FG 22 82
AR G880 22 10 3 — - 35 16_54
A 1.43 &.41 T1.88 % 5T [ 38 — — 151 13.35
BBB | .78 272 64 .56 054 0.03 5.34 24
BB 024 0.0 1.88 10.85 F3.33 220 0.&6 21 1.31 01
B 010 — 010 1.31 27 4L 5387 4.28 EB
cCC 0.06 = 0.11 = 1.34 27.31 56.13 10.54 022 428

In this transition matrix, it shows the possibility of upgrading and downgrading for each
company. Appears in the label. The first column on the left of 2.3 is the credit rating at the end
of 2016, and the second row is the credit rating at the end of 2017. For example, a number in
the lower right corner of 10.54 shows a credit rating of 10.54%. The probability that the
company rating CCC will be converted to the company rating D in 2017 is reduced.

Exposure at Default (EAD) is the total value that a bank will bear when a loan default.
Financial institutions use internal rating-based methods to calculate their risks. Banks often use
default models for internal risk management to estimate their respective EAD systems. Outside

of banking, EAD is called credit exposure.

EAD is the estimated amount of loss that a bank may assume when a debtor defaults on a
loan. Banks usually calculate the EAD value for each loan and then use these numbers to
determine their overall default risk. EAD is a dynamic number that changes as borrowers repay

their lenders.

By default, there are two ways to determine the degree of exposure. Regulators use the
first method, called the Fundamental Internal Ratings Base (F-IRB). The second method is
called Advanced Internal Ratings Base (A-IRB), which is more flexible and used by banking
institutions. Banks must disclose their exposures. The bank will determine this number based
on data and internal analysis, such as borrower characteristics and product type. EAD and loss

10



of default (LGD) and probability of default (PD) are used to calculate the credit risk capital of

financial institutions.

Loss of default (LGD) is the amount that banks or other financial institutions lose when a
borrower defaults on a loan, expressed as a percentage of total exposure at the time of default.
The financial institution's total LGD is derived from a review of all outstanding loans using

accumulated losses and exposures.

Banks and other financial institutions determine credit losses by analyzing actual loan
defaults. Quantifying losses can be complex and requires analysis of several variables. Analysts
take these variables into account when reviewing all loans issued by banks to determine LGD.
How to account for credit losses in the company's financial statements, including determining

credit loss reserves and bad debt reserves.

For example, suppose Bank A loaned $ 2 million to XYZ Company, and the company
defaulted. Bank A's loss is not necessarily $ 2 million. Other factors must be considered, such
as the amount of assets the bank may hold, whether it has been paid in installments to reduce
outstanding balances, and whether the bank uses the court system to compensate XYZ
Company. With these and other factors in mind, Bank A may actually lose much less than its

original § 2 million loan.

Determining the amount of loss is an important and fairly common parameter in most risk
models. LGD is an important part of the Basel Model (a set of international banking regulations)
because it is used to calculate economic capital, expected losses and regulatory capital. The
expected loss is calculated by multiplying the LGD of the loan by its probability of default (PD)
and the default risk of the financial institution (EAD).

Imagine a borrower getting a $ 400,000 loan for an apartment. After years of repaying the
loan in installments, the borrower faces financial difficulties and defaults when the outstanding
balance or default risk of the loan is $ 300,000. The bank cancelled the mortgage on the
apartment and was able to sell it for $ 240,000. The bank's net loss is $ 60,000 ($ 300,000-
$ 240,000), while LGD is 20% ($ 300,000- § 240,000) / $ 300,000.

11



In this case, the expected loss will be calculated by the following formula: LGD (20%) x
probability of default (100%) x risk of default ($ 300,000) = $ 60,000. Expected losses will
differ if financial institutions predict potential losses rather than definite losses. Using the same
data as the above scenario, but assuming only a 50% probability of default, the expected loss
calculation formula is LGD (20%) x probability of default (50%) x risk of default ($ 300,000)
=$ 30,000.

Maturity

The term of a loan is the last important factor affecting credit risk. For better supervision
and accounting, three types of loans are provided based on the maturity date: short-term,
medium-term and long-term loans. Short-term loans usually have a term of less than one year,
while long-term loans have a term of more than five years. The shorter the maturity date, the

better the liquidity and the lower the risk.

2.1.3 Ratio indicators of credit risk
Next, we will describe some ratios to measure the credit risk.

NPL ratio is the amount of nonperforming loans over total loans, expressed as a
percentage. Nonperforming assets are loans that are past due for 90 days or more. The NPL
ratio measures a bank’s effectiveness in receiving repayments on its loans. NPL ratio is

computed by:

NPL ratio = AL 2.1)

Total loan and lease

Provision ratio

Banks need to make some preparations for loans that may default, and we call them loan
loss provisions. It is usually shown in the income statement and should be deducted to calculate

net income. In this case, we have a reserve ratio (PR)

Annul provision for loan loss

PR =

(2.2)

Total loan and lease

12



Charge off ratio

After a period of time, due to customer bankruptcy or other factors, some non-
performing loans proved to be unpayable. Managers need to remove these worthless assets
from the balance sheet. In the process, we have a write-off ratio to measure how many assets
are worthless in a year,

Net charge off loans

Charge off ratio = 2.3)

Total loan and lease’

Loan loss allowance ratio

Provision ratios and write-off ratios can only measure credit risk within a year. To measure

the bank's total credit risk, we have a loan loss reserve (LLA) ratio. LLA is cumulative.

LLA ratio = LLA (2.4)

Total loan and lease’

Coverage ratio
Next, we use the coverage ratio (CR) to measure how much non-performing loans can be

covered by loan loss reserves. Coverage should be higher than the default loss.

i LLA
Coverage ratio = P (2.5)

2.2 Liquidity risk

Liquidity risk is the risk associated with the shortage of cash and cash equivalent assets
and banks have the potential inability to meet its payment obligations. Liquidity refers to the

ability to convert assets into cash quickly with a little or no loss.

The risk of changing refinancing rates and the risk of bankruptcy is related to a shortage
of funds. In this case, the bank did not have enough money to repay its customers. For example,
people prefer to withdraw money during a financial crisis. The outflow of funds is higher than
the outflow of funds, resulting in not all customers being able to retrieve funds. This is the risk
of bankruptcy. Banks may change their business models to make up for outflows, such as
borrowing money from other banks when the term of the loan is longer than the term of the
deposit. However, the borrowing rate may be higher than the original interest rate, which is a
risk of changing the refinancing rate. Market liquidity risk is related to market liquidity. When

market liquidity is very low, the price of the instrument will be lower than its original value.
13



The following are the most widely used liquidity risk ratios:

Cash and due from balances held at

. . q. . other depository institutions
Liquidity ratio = P Y , (2.6)
Total assets
. q. . Cash assets and government securities
Liquidity ratio = £ . 2.7)

Total assets

Net stable funding ratio (NSFR)

The ratio indicates whether banks own enough high-quality assets that can be easily
converted into cash within one year rather than within the current 30-day limit. Banks rely less

on short-term funding, which tends to be more volatile.

NSFR = Available stable funds (2.8)

Required stable funds’

Liquidity coverage ratio (LCR)

LCR reflects the lowest level of liquid assets when market shocks and the liquidation value
of short-term assets should be higher than or equal to unexpected outflows during a given period.
The unexpected outflow of funds may be due to the severe downgrade of the credit rating of
the institution's public, part of the deposit loss, etc. Can be defined as:

Stock of high—quality liquid assets

Total net cash outflows over the ’
next 30 calender days

LCR =

2.9)

2.3 Market risk

Market risk means that investors may suffer losses due to factors affecting the overall
performance of the financial markets involved. Although market risks can be hedged in other
ways, they cannot be eliminated through diversification. Sources of market risk include
recession, political turmoil, changes in interest rates, natural disasters and terrorist attacks.

Systemic or market risk often affects the entire market at the same time.

14



2.3.1 Types of market risk

There are four generals market risk categories:

equity risk,
e interest risk,
e oreign exchange risk,

e commodity risk.

Equity risk is the potential loss caused by adverse changes in prices. Equity, and applies
to using the stock price as part of the valuation. Please note that it usually refers to the company's

equity through the purchase of stock but does not refer to real estate or properties.

Interest rate risk is one of the market risks associated with changes in interest rates. In
this case, interest rate sensitive assets and liabilities are mainly affected, rather than fixed asset
liabilities. For example, if interest rates rise, the value of long-term assets will tend to fall.
Exceed the value of short-term liabilities. In addition, if interest rates rise, income from long-
term assets (such as loans) will be lower than changes in the cost of short-term debt (such as

transfers), resulting in reduced bank equity.

The interest risk is the most important market risk and can be identified as:

Interest—sensitive assets

Interest rate risk ratio = (2.10)

Interest—sensitive liabilities’

Foreign exchange risk

The fluctuation of foreign stock prices also affects the increase or decrease in bank equity.
In addition to accepting deposits and accepting loans, another function of banks is to buy and
sell foreign exchange on behalf of customers who need to conduct international transactions.
Exchange rate-related activities will be affected by exchange rate fluctuations, and there is great
uncertainty in the foreign exchange market. In this case, it is important for banks to hedge this

foreign exchange risk.

Commodity risks related to adverse changes in commodity prices. Variety The relationship

between market supply and demand affects the value of commodities. There are several types
15



considered commodities such as agricultural commodities, industrial commodities, and energy

commodities.

2.3.2 Value-at-risk

Value at risk (VaR) measures the risk of investment loss. It estimates how much a set of
investments (with a given probability) may be lost (with a given probability) in a given normal
time period (such as a day) under normal market conditions. Companies and regulators in the
financial industry often use VaR to measure the amount of assets needed to make up for possible

losses.

For a given investment portfolio, time range and probability p, p VaR can be informally
defined as the maximum possible loss in that time period after excluding all poor results with a

maximum probability of the portfolio. Assume market value and no transactions in the portfolio.

Fig 2.2 Graphical interpretation of value-at-risk

Line at -0.82 means 5% The curve represents a
Value-at-Risk is 0.82. hypothetical Profit-and-Loss
probability density function. It has
mean one and standard deviation
one, but fatter tails than a Normal
distribution. The 5% VaR point is
1.82 standard deviations below the
mean, versus 1.64 for a Normal
distribution.

Blue area to the right
of the line represents
95% of the total area

Red area to the left of under the curve.

the line represents 5%
of the total area under
the curve.

Source: BESSIS, (2003. 124 p. )

Note that the horizontal X-axis refers to possible gains and losses, while the vertical Y-
axis is the probability of profit or loss. Loss on the left zero and the gain points to the right of

zero. In addition, the sum of the lower areas the curves must be one.
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2.3.3 Difference between credit risk and market risk

As mentioned earlier, VaR is the most commonly used tool to measure market
risk. However, there is no exact way to measure credit risk. The biggest problem is due to credit
income distribution and market returns. The return on equity is relatively symmetrical and
follows a normal distribution. In this case, the a quantile that reflects market risk VaR can be
calculated by the mean and the standard deviation of the value of the portfolio. However, the
actual credit returns are high, and the fatness has a larger tail than the normal distribution, which
means that losses are more frequent than gains. In this case, estimating the quantiles based on
the mean and standard deviation alone is not enough, we need more statistics. Fig. 2.3 shows a

comparison of credit return distributions and market returns.

Fig 2.3 Loss intensity and frequency chart of operational risk events
Typacal 4 s

market returns > *

Tvpical
credit returns

Losses 0 Gains

Source: CUPTON, FINGER, and BHATIA, (1997. 7 p.)

As shown in Figure 2.3, the average value of market returns is lower than the average
value of credit returns. Due to credit default, the left tail of credit income is higher than the left
tail of market income. In this case, with the same confidence level, the potential loss of credit
gain is higher than the potential loss of market gain. Managers typically use 95% confidence in

market risk, but for credit risk, 99% confidence is more desirable.

17



2.4 Operational risk

Operational risk summarizes the uncertainty and dangers that companies face when trying
to conduct daily business activities in a particular area or industry. A business risk, which may
be caused by the collapse of internal procedures, personnel, and systems. This is in contrast to
problems caused by external forces such as political or economic events or external forces

inherent in the entire market or market segment and is called system risk.

Operational risks can also be classified as various non-systematic risks, which are unique
to a particular company or industry. There are several types of operational risk based on

different operational events,

e People risk,

e Internal process risk,
e Legalrisk,

e External risk,

e Systems risk.

People risk is related to employee error or fraud. This is due to high employee turnover,
poor management, insufficient staff training, and excessive reliance on key employees. In this

case, employees should be more careful to avoid personal danger.
Internal process risk is the potential loss associated with a bank's internal processes.

Problems arise when processes are poorly organized and inefficient. For example, if the
system lacks control, transactions cannot be recorded in the account. Other examples include
marketing errors, money laundering, failure to provide reports or documentation, transaction

errors and internal fraud.

Legal risk means uncertainty of legal act or contract, interpretation of laws and regulations

cause legal risk. For a region's banking industry, this is a very rare but huge impact.

External risk also affect the day-to-day operations of banks. Although the possibility of

these events is very rare, it has a significant impact on bank operations. These external events

18



include external events affecting the entire industry, external fraud, and theft, terrorist attacks,

and disruption of transportation systems.

Systemic risk is a problem with high-tech systems, such as computer systems. Banks rely
on efficient computer systems for their daily operations. Computer system failures can be
caused by a variety of reasons, such as data corruption, improper project control, and

programming errors.

2.4.1 Operational loss event

There are many events that can lead to operational losses that we cannot afford
specification list. In this case, the operating loss can be divided into parts according to its

frequency and how much the potential loss is. Fig 2.4 lists four specific types of tear loss events.

Fig 2.4 Loss intensity and frequency chart of operational risk events

LFHS HFHS
Low frequency High frequency
High intensity High intensity

=
‘E -/-- --------.-------.I----------------------------
= / i HFLS

LFLS High frequency

Low frequency Low intensity

Low intensity '/,/

Frequency

Source: APOSTOLIK, DONOHUE and WENT. (2009. 188 p.)

As shown in Fig. 2.4, managers can focus on two types of events, namely high frequency
and low intensity loss (HFLS) events and low frequency and high intensity loss (LFHS) events.
This is because the cost of monitoring more frequent and more influential events and less
frequent and less influential events is higher than the loss itself. For operational risk
management, managers will do their best to reduce the loss of high frequency events and reduce

frequency of high impact events.
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2.5 Other risk types

In addition to the four typical financial risks, there are other types of risks worth

mentioning, including regulatory risk, settlement or payment risk, and reputational risk.

Regulatory risk is the potential loss due to changes in government or regulatory agency
laws and regulations. As business operating costs increase, such changes often have a negative
impact on the business or the market. For example, a government policy requires that an
increase in the excise tax on wine will lead to an increase in the cost of wine, and then the price

of wine on the market will rise.

Settlement or payment risk refers to the risk of one party failing to deliver assets or
making payments to the other party at the time of settlement. Such risks may be related to any
time differences in settlement between the two parties. Due to the famous failure of the German
bank Herstatt, it can be called "Herstatt risk". After the German banking regulator closed the
bank on June 26, 1974, the bank had absorbed its foreign currency receipts in Europe, but did

not pay any U.S. dollars, causing a lot of losses to counterparties.

Reputational risk is one of the microeconomic risks usually caused by internal factors in
banks. This is a risk or potential threat caused by damage to the reputation of the bank. Factors
leading to such losses include the bank’s own wrongdoing, bank-related crimes, and even the

bank’s joint venture partner’ mistakes.
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3. Description of the Credit Risk Management and Models

In Chapter 3, several credit risk management methods will be introduced, including
scoring models, rating systems, and portfolio models. After that, the main part is the description
of the CreditMetrics model to clearly measure the process of credit risk. Finally, we focus on
how to calculate the capital requirement and the capital requirement regulation based on the

Basel Committee.

3.1 Difference between expected loss and unexpected loss

Before discussing the credit rating model, it is useful to distinguish between expected and
unexpected losses. This subsection introduces expected and unexpected losses. Next, the

calculation of economic capital is explained below.

As mentioned in Chapter 2, expected loss is driven by three components, PD, LGD, and
EAD, as shown in Equation (2.2). This is usually considered the average of the probability
distributions of future losses. The lender estimates the expected loss as the actual upfront loss
and charges a certain amount of interest to hedge that risk. For accidental losses, this is the
reason for the deviation between the actual loss and the expected loss. It is defined as loss
volatility around the mean. Similar to the VaR in the market, you can estimate the largest
unexpected loss by analyzing the loss distribution with some reliability. The distribution slopes
from left to right, and due to the diversification, losses in small portfolios are most common.

The loss distribution is shown in Fig. 3.1.
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Fig. 3.1 Loss distribution of credit risk

N
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frequent loss EL quantile I,
loss

Unexpected loss

Source: BESSIS, (2003. 209 p.)

As you can see in Fig 3.1, the distribution is biased to the right and the expected loss is
higher than the most frequent loss. Accidental losses can be seen in the right tail, which is higher
than expected. Under the confidence level, there is a loss distribution of the distributed quantiles.
This is La. Confidence affects the probability of bankruptcy and rating because it indicates the
probability of a bank defaulting. Therefore, the appropriate confidence level is very low and
should be well below 1%. In addition, you can calculate economic capital. BESSIS (2003. 209
p.) says “The economic capital can be seen as a buffer against the unexpected loss in excess

of the expected loss,, This can be expressed as:

ka = Ly —EL, (3.1)

where Ka represents the economic capital with confidence level, EL means the expected

loss.

Economic capital reflects the level of capital that banks must maintain to make up for the
huge but unexpected losses needed for long-term survival. In our case, economic capital is the

difference between the distribution of losses and the quantile of expected losses.

When dealing with diversified portfolios, it is important to clarify the difference between
expected and unexpected losses. The total expected loss of an investment portfolio can easily
be defined as the total expected loss of each loan, but due to uncertainty, the total expected loss
of investment takes into account unexpected losses. However, the volatility of the entire
portfolio is usually lower than the sum of the volatility of each bad debt loss. This is because
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you can reduce unexpected losses by reducing the correlation between each loan (that is,
diversifying your portfolio). This means that total credit risk can be significantly reduced by

diversifying the investment portfolio with a certain expected return.

3.2 Model of credit risk management

Over the last decade, the world's largest banks have been working to develop advanced
systems for modeling credit risk so that banks can better and effectively quantify, aggregate
and manage risk. Credit risk management models fall into three main categories: scoring models,
rating models, and portfolio models. The mechanisms used to build these models are described

in detail in the next subsection.

3.2.1 Credit-scoring model

The credit scoring model is a type of statistical model that uses the borrower's key financial
and economic indicators to estimate the probability of default by the borrower, discuss its
strengths and weaknesses, and analyze its technical characteristics. The result calculated by the
scoring model is expressed as a numerical score and is a reliability indicator used to assess the

borrower's default probability.

Of the various types of scoring models, the most basic type of scoring model is
Linear Discriminant Analysis (LDA), which Fisher is based on deductions designed to
identify default economic reasons. I studied it as early as 1936. Like ANDREA(2007. 287
p) say that “Basically, discriminant analysis is a classification technique which uses data
obtained from a sample of companies to draw a boundary that separates the group of

reliable ones from the group of insolvent ones,,

Fig 3.1 below shows a simplified Fisher model. In this model, only two variables, x1 and
x2, represent a trusted company (A) and a bankrupt company (B). The score generated by

merging the two original variables is displayed on the z-axis.
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Fig 3.1: Graphic representation of linear discriminant analysis
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Source: ANDREA, and ANDREA, (2007. 288 p).

Linear discriminant analysis constructs the score z as a linear combination of the
independent variables x1 and x2. The critical point is the critical point at which a bank decides
whether to lend a company. Given n independent variables, the score can be calculated in more

general terms as:

z =YY, (3.2)

Zi = Xt Y X, (3.3)

Note that selecting the coefficient Y; on this linear combination yields a score of z. This

allows you to make the clearest possible distinction between anomalous and healthy businesses.

The most well-known identification score applied to credit risk is the Altman Z Score,
developed by Edward Altman for US-listed companies in 1968, and is now offered in the form
of Zeta Services. The higher the Z-score, the higher the quality of the company. This is a

function of five independent variables, which can be expressed as:

Zi =1.2- Xi1 +14- Xi2 + 3.3 X3 + 0.6 Xi,4 +1.0- Xi 5 (34)
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where: x1 is working capital/total assets, x2 is retained profits/total assets,x3 is earnings
before interest and tax/total assets, x4 is market value of equity/book value of total liabilities,

X5 is turnover/total assets.

The higher your company's score, the better your financial position and the less likely it is
to default. In addition, Ultraman has set key points in its core score to identify whether a
company is good or not. The cutoff value is taken as the average of the average z score of a
healthy enterprise sample and the average z score of an abnormal enterprise sample, with a
value of 1.81. If your company's z score is greater than 1.81, it means that your financial

position is very good, based on the Ultraman model.

In addition, z”-score for non-manufacturers is as follow,

Zi =6.5" Xi1 + 3.26- Xi2 +6.72 - X3 + 1.05- X4 (35)

Compared to the manufacturer's z score, the asset turnover of x5 has been completely
removed from the model and the weighting factors x1, x2, x3, and x4 have been completely
changed. In addition, the interpretation of the score has changed. A non-manufacturing
company with a z score above 2.9 is considered healthy. If the score is between 1.23 and 2.9,
the company needs to be especially careful. According to the Altman model, if the z score is

less than 1.23, the default probability is considered high.

3.2.2 Rating system

Discriminant analysis is a quantitative method for estimating the creditworthiness of a
borrower. However, there are several qualitative methods that can be used to assess credit risk.
The qualitative model is based on a non-automatic evaluation of company data by experts6.
Today, these qualitative models are widely used by international rating agencies such as
Moody's, Standard & Poor's, and Fitch Rating. In recent years, quantitative and qualitative
methods have been used to assess the credit rating of banking systems. The scoring process is

divided into three steps.

e Score assignment,

e Evaluation quantification,
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e Level verification.

Rating assignment

According to various rating agencies, there are two types of credit ratings: the rating

agency's credit rating and the bank's internal credit rating. They are both strengths and
weaknesses. For example, an institution's rating can avoid the problem of information
asymmetry, but an internal credit rating can have more financial information. In either case,
rating assignment is to give a rating level that represents an indirect estimate of the default

probability. Fig. 3.3 shows the process of analyzing agent evaluation assignments.

Fig. 3.3 The process of analysis underlying an agency’s rating assignment.

Industry analysis: current
situation and future
prospects

Competitive position
analysis

Economic/financial situation
analysis

Economic/financial
projections

—

-

Sensitivity analysis toward critical risk factors

Fig. 3.3 summarizes the main stages of the process. After analyzing the company's industry,

adverse events).

Source: ANDREA, and ANDREA, (2007. 375 p.)
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financial and competitiveness, you can get a forecast of the company's future economy. You
can then predict your debt capacity with the help of forecasting by assessing future cash flows.
Finally, perform a sensitivity analysis to assess whether your company is functioning well in

the worst-case scenarios (decreased demand, reduced efficiency, rising interest rates, and other




Rating quantification

Companies will be assigned a latter after rating assignment and there is a problem how to
convert the latter-rating into a quantitative element such as probability of default. There are

three possible approaches to this problem,

e the statistical approach — based on the score obtained by the scoring model,
e the actuarial approach — based on the actual default frequencies,

e the mapping approach — a link between internal ratings and external ratings.

Statistical methods are based on a credit scoring model for assessing default probabilities.
It's fast and convenient, but it has two drawbacks. First, this method relies on a quantitative
model, and results are difficult to obtain if only qualitative evaluation by an expert is performed.
Second, there are some unrealistic assumptions behind the credit scoring model. As an example

of descriptive analysis, we assume that the distribution of input variables is normal.

Actuarial models are based on historical records of default rates. Past default rates can be
used as a reference for future default probabilities for borrowers in each category. For example,
if the record shows that 1% of the debt allocated to a BB borrower tends to default within a

year, then in the future all borrowers with a BB rating will have 1%. You may be in default.

The mapping method is the result of a combination of internal ratings and rating agency
ratings. Some banks may establish a relationship between internal ratings and rating agency
ratings. For example, 10 out of 10 internal ratings correspond to the AAA level of Standard &
Poor's (AAA).

Rating validation

If your company's financial situation changes, you should check your rating system. This
means that the rating system should be checked regularly to maintain its effectiveness. The
following are some of the quantitative criteria used to assess the validity of the evaluation

system.

e The lower the level, the higher the default level.
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e The volatility of the default rate is stable over time.

e The percentage of risk exposure that remains at the same level from one year to the
next should be high enough.

e The migration rate of migrants to nearby levels must be higher than the migration rate
of migrants to distant levels.

e In the years prior to default, most default borrowers should be categorized as a low

rating category.

3.2.3 Portfolio model

In addition to the scoring and rating systems described above, a portfolio model developed
in the late 1990s can also be used to quantify unexpected losses in credit risk portfolios. The
investment portfolio model is designed to determine the maximum loss (so-called “maximum
possible loss”) that a credit investment portfolio may face if it has some confidence within a
given time frame. In particular, there are four portfolio models whick is KMV, CreditRisk+™,

CreditPortfolioView™ and CreditMetrics™

The credit risk model is used to estimate the economic capital required to cover the risks
associated with a bank's lending activities. There are two basic ways to define credit loss and

then quantify credit risk.

Mark to Market (MTM): At the end of the risk range, the borrower is defined as any level,
including defaults and transitions. Later, as the borrower's rating level shifts from high to low,

risks arise.

Default model: The model used by financial institutions to distinguish between borrowers
who have only two states at the end of the risk range (that is, the default or survival state), where

the risk arises from the default.

KMYV model was developed by KMV, a California-based company. The acronym
KMV comes from the surnames of three founding partners: Steven Kealhofer, John Andrew
McQuown, and Oldrich Vasicek. The model is that the stock value (E) is equal to the value of

the call option of the company's asset market value, its maturity date is equal to the remaining
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maturity (T) of the liability, and the exercise price is the bond exercise price. Nominal

repayment amount of debt (F) . Tab. 3.1 and Fig. 3.4 below shows how two positions each

produce the same result at the expiration date (T).

Tab 3.1: Matrix of payoffs as a shareholder or for the purchase of a call
option on asset value with a strike price of F

Payoff at time 0

Payoffat T

iftV,<F itV,>F

Shareholder

_EO

0

(VT—F)

Purchase of a call option

_C()

0

(VT—F)

Fig. 3.4: Shareholder payoff profile

Payoff to the Shareholders

Vi

F

Va

Source: ANDREA. and ANDREA (2007. 330 p).

b, f

Asset Value (V1)

If VT is lower than F, the company goes bankrupt, the remaining assets must be used to

repay debt, and shareholders get nothing. Conversely, if VT is greater than F, the company

makes a profit and calculates the difference from VTF. This is the amount that shareholders get.

In general, the KMV model requires three steps to indirectly estimate the company's

default probability.

DP = STD — %LTD,
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DD = (3.7)
where DP is default point, STD means all amount of short-term debt and LTD means long-

term debt.DD means distance to default.

Converts the distance to default into default probability based on fairly accurate empirical
correlation based on past actual evidence. The link between DD and PD is called the expected

default frequency (EDF).

CreditRisk + ™ is a simple actuarial model developed by Credit Suisse Financial Product
in 1997. The model focuses on the possibility of default based on an external Poisson loss
distribution. The estimation process is similar to the mathematical process of insurance and is
therefore suitable for credit risk. Therefore, as with measuring insurance losses, the two
parameters needed to measure credit risk are the frequency of default events and the specific

default loss rate. This model is typically used for credit risk assessment of loans.

This model provides the possibility to calculate the probability distribution of the default
number over a particular time period based on the Poisson distribution. The probability

p(n)with n default value can be expressed as:
p=YLPDj (3.8)

n

p(n) = =L, (3.9)

n

where p is the expected number of defaults, representing the summarize of j clients’ PDs

in the portfolio.
CreditPortfolioView™

Developed by Tom Port Wilson in 1997, Credit Portfolio View ™ is based on the business
cycle. He argues that immigrant upgrades tend to be more frequent during economic growth. In
addition, immigrant downgrades are less frequent and default rates are declining. The situation

is the opposite during the recession. In this case, the transition matrix needs to be modified
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according to some macroeconomic indicators, such as interest rates, employment rates, and real

GDP growth, depending on the various stages of the business cycle.

This model allows you to adjust macroeconomic variables based on logarithmic functions
and then calculate the default probabilities. The default probability of follow-up in time j or
time for companies in the same industry or geographic region that affect the business cycle can

be estimated as follows:

L (3.10)

T e

among them, yj and t represent the total value of the company's health index at the time

adjusted by macroeconomic factors. This is a linear combination of macroeconomic variables.

3.3 CreditMetrics™

The CreditMetrics ™ model, first proposed by JP Morgan in the United States, is a tool
that can be used to estimate the distribution of changes in the market value of credit risk
exposures based on data on migration rates, default rates, and borrower spreads. You can then
estimate the expected loss (EL) and the unexpected loss (UL) based on this distribution. Fig.

3.5 below shows a step-by-step introduction to the Credit Metrics ™ model.

Fig. 3.5: Basic framework of CreditMetrics™ model

Exposures Value at Risk due to Credit Correlations
User .r - A Credit Spread Ratings series,
Portfolio Credit Rating Seniority redit Spreads Equities series
v v v v ¥
Market Rating migration Recovery rate Present value Models (e.g..
volatilities likelihoods in default bond revaluation correlations)
¥ ¥ ¥ ¥ v v v
Exposure Standard Deviation of value due to credit Joint credit
distributions quality changes for a single exposure rating changes
Portfolio Value at Risk due to Credit

Source: CUPTON,FINGER, and, BHATIA. (1997. 41 p).
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The task of the CreditMetrics model is to measure the VaR of the portfolio by credit by
migration analysis. Transition analysis is a method of investigating changes in levels over time
through a transition matrix. In this case, the model detects the full range of credit quality
transitions, including long-term upgrades and downgrades, and historical data, rather than
recent market fluctuations and mere defaults. The next section walks you through the process

of the CreditMetrics model step by step.

3.3.1 Single credit risk calculation

This section begins with the process of valuing the VaR generated by the credit of only
one debtor. There are three steps to calculating a single credit risk. This is shown as the central

part of the frame in Figure 3.5. The three steps are:

= step 1: Credit rating migration,
= step 2: Valuation,

= step 3: Credit risk estimation.

Step 1: Credit rating migration

As mentioned earlier, the risks come not only from the defaults, but also from the model

migration. In this case, credit rating transitions are just as important as credit ratings.

The migration procedure is on the Tab. 2.3. The main goal of step 1 is to determine the

likelihood of moving to a possible credit category within the risk range.
Step 2: Valuation

In this step, the value is determined within the risk range. For a simple one-click, the value
would have to be calculated individually for each migration state, which usually requires eight
reevaluations. In addition, these eight ratings can be divided into two categories. One is by

default and the other is upgraded or downgraded.

In the first case (the default case), the estimated recovery rate depends on the seniority

system of the debt. Tab. 3.2 summarizes the default RRs.
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Tab. 3.2 Recovery rates by seniority class (% of face value)

Seniority Class Mean (%) Standard Deviation (%)
Senior Secured 53.80 26.86
Senior Unsecured 51.13 25.45
Senior Subordinated 38.52 23.81
Subordinated 32.74 20.18
Junior Subordinated 17.09 10.90

Source: Carty & Lieberman [96a] — Moody’s Investors Services

In this table, you can check the existence of preferred unsecured bonds. The average
recovery rate is 51.13% of face value and the standard deviation is 25.45%. In this case, we can
see that the LGD of the preferred unsecured bond is 48.87%. The higher the seniority system,
the higher the expected recovery rate. For example, the average recovery rate of subordinated
bonds is 17.09%, LGD is 82.91%, and the recovery rate is gradually increasing due to the high
rating. Under the Basel Agreement, LGD has several regulations. Senior unsecured bonds for
companies, sovereigns and banks are assigned a default loss rate of 45%, and subordinated
bonds for companies, sovereigns and banks are assigned a default loss rate of 75%. In advanced

methods, banks can estimate LGD.

To assess the transition, estimate the changes in credit spreads caused by the transition. In
this case, you need to calculate the credit limit within one year. There are two steps to
reevaluating. First, you need to get a discount rate that you can use for the discount. Next,
calculate the present value within one year of getting the discount rate. The discount rate is
clearly not based on the current interest rate, but it reflects the possible value of the market
interest rate within a year. Therefore, you can use the previous rate to make the discount. For
example, the discount rate can be a futures rate with zero coupons for one year. If you want to
know the value of the coming year, you should consider the first payment time of the coupon
as the first year and not discount the first payment. Therefore, the present value of a year's credit
(PV) can be expressed as:

_ c c c+f 3.11
Pv=C+ (1+d) + (1+d)2 +eet a+dn ( )
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among them, C means coupon, d means discount rate, F means bond face value, and n

means maturity time.

The discount rate can be obtained from the forward curve of each rating category. There
are two steps to calculating the discount rate. First, you need to find the possibility of moving
to each rating category with the initial default values. This can be achieved by the power of the
required index annual transition matrix. In this case, if you need to get the n yearly conversion
matrix, you need to multiply the first annual conversion matrix by n times by itself. However,
the discount rate can depend not only on the probability of moving from the default rating to
another rating category, but also on futures rates. The futures exchange rate can be calculated
as follows:

ot 4 (3.12)

T @rett

among them, ft means the futures exchange rate for the year t, and rt means the spot
interest rate on risk-free assets such as PRIBOR, LIBOR, EURIBOR, 2W REPO values or

interest rate swaps (IRS).

The relationships between forward rate and one-year discount rate can be expressed as:

(1+rf) (1-pi) +piRR=1+F, (3.13)

where 14 represents the disount rate of a company with assigned rating in one year, p< is

the probability of default in one year, RR is the recovery rate and f is one-year forward rate.

The formula can be extended to 2 years and represents the relationship between the 2-year
futures rate and the 2-year discount rate, which is,

(1+£,)?

(1+18)? - (1—pg) + (pf — i) "RR+p{ - RR- 5

= (1+f£,)? (3.14)

Thus, the two-year discount rate can be expressed as:
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doopp.+f2)% 4 4y
q_ \/(1+f2)2)p1 RR (1+f21) (pZ pl) RR _ 1, (3.15)

rz —_ 2
(1-p9)

We extend it to calculation of n-year discount rate, it can be,

(3.16)

Suppose a BBB grade bond has a coupon rate of 8%, a par value of € 100 and a maturity
of 5 years. Therefore, the annual coupon payment is € 8. label. The following tab3.3 is an

example of an annual forward zero-coupon rate.

Tab. 3.3 Example one-year forward zero curves by credit rating category

Category | Year1 Year2 Year3 Year4
AAA 3.60 4.17 4.73 5.12
AA 3.65 4.22 4.78 5.17
A 3.72 4.32 4.93 5.32
BBB 4.10 4.67 5.25 5.63
BB 5.55 6.02 6.78 7.27
B 6.05 7.02 8.03 8.52
CCC 15.05 15.02 14.03 13.52

Source: CUPTON, FINGER, and BHATIA., (1997. 27 p).

If this BBB bond upgrades to single-A for instance, the value of the bond can be formulated as:

8 8 8+ 100

g = 1166
Hapee = 8 100 T T+ 467%)2 T (14525 | (1+563)°

If the issuer downgrades to B one year after, the present value one year after will be:

8 8 8+ 100

_g =110.83
Hips =8t (T 555%) T (1+602%)2  (1+678) | (1+7.27)

The difference between one year after present value of BBB and BBclass is 9.44, which is
the change of value of credit due to migration. However, there is an uncertainty that the bond

will be in which rating class in the future. The eight scenarios can be shown in 7ab. 3.4.
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Tab. 3.4 Distribution of one-year market values of a BBB bond

State at year- | Present value in Probability of Change, AV; =
end one year, [j migration, p; (%) K= Brotal

AAA 118.50 0.02 1.82
AA 118.32 0.33 1.64
A 117.76 5.95 1.08
BBB 116.6 86.93 -0.08
BB 110.83 5.30 -5.85
B 106.75 1.17 -9.93
CcCC 9143 0.12 -25.25
Default 53.80 0.18 -62.88
Mean, Urotal 116.68

Source: Own calculation.

Step 3: Estimate credit risk

Like other risks to an asset, the credit risk of an investment portfolio can be expressed as
the standard deviation of the investment portfolio. Therefore, the main task here is to measure
the standard deviation of the present value for one year. According to the tab. In 3.3 you can
easily calculate the standard deviation of all eight cases, but you can see that the tab contains
the default case. 3.3. As mentioned earlier, downgrading a bond to default creates uncertainty
in recovery. The problem is the standard deviation link in the help scene and the standard
deviation associated with the recovery rate. The CreditMetrics model can include recovery rate
uncertainty through possible standard deviation calculation methods. The calibration of the

standard deviation of the portfolio value in each state is as follows:

Hrotal = Xiz1 Pi Mi» (3.17)

OTotal — \/Z{l=1 pip‘i2 - U'Totalzf (318)

Where pi means probability of being in any state, ui means the present value a year from

now within each state and uT otal means the weighted average value of portfolio.

The estimation of standard deviation which incorporated by uncertainty associated with

recovery rate is expressed as:
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R 5 5 5 (3.19)
OAdjusted—total = 2it1Pi(l” + 0i2) — Hrotal®s

Note that the portfolio expectations are the same as before. The only difference is the
calculation of the standard deviation. Here we have added one that represents the risk for each
rating level. If the bond has not been downgraded to default, it will be 0. You can find the

number when i is equal to 8 in the Tab 3.2 depends on seniority.

The final result of our stand-alone portfolio with a senior secured BBB-rated bond is

shown as Tab. 3.4 below,

Tab 3.5 Calculation volatility in value due to credit quality changes

Year- Probability New bond Probability Difference Prol?ablllty
end of state  value plus weighted of value vyelghted
rating (%) coupon ($) value (S) from difference
mean squared
(S)
AAA 0.02 118.50 0.02 1.82 0.0010
AA 0.33 118.32 0.39 1.64 0.0139
A 5.95 117.76 7.01 1.08 0.1394
BBB 86.93 116.60 101.36 -0.08 0.1726
BB 5.30 110.83 5.87 -5.85 1.3030
B 1.17 106.75 1.81 -9.93 0.9051
CcC 0.12 91.43 0.11 -25.25 0.6253
Default 0.18 53.8 0.10 -62.88 4.7594
Mean = $116.68 Variance = 11.52
Standard deviation = 3.394

In addition, there is another convenient way to measure credit risk by calculating percentile
levels. Now, to measure credit risk, there is a 1% chance of determining the first percentile level
of a bond. In this way, we focus on the cumulative probability of starting at the bottom of the
grade level and moving to the AAA grade level by default. The meaning of the 1st percentile
level is a value of 1% or more from bottom to top first. From now on, you can see the cumulative

probability and present value of the bond one year later in the 7ab. 3.6 below.
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Tab. 3.6 Value and cumulative probabilities

State at Difference of P - Cumulative  Present value a
robabilities s

year-end value from mean probabilities  year from now
Default -62.88 0.18% 0.18% 53.80
CcCC -25.25 0.12% 0.30% 91.43

B -9.93 1.17% 1.47% 106.75

BB -5.85 5.30% 6.77% 110.83
BBB -0.08 86.93% 93.70% 116.60

A 1.08 5.95% 99.65% 117.76
AA 1.64 0.33% 99.98% 118.32
AAA 1.82 0.02% 100.00% 118.50

Source: Own calculation.

We will explain in the tab. In fab 3.6, when a BBB debtor is downgraded to B debt, the
cumulative probability is initially higher than 1%. In this case, one year later, the present value
of the portfolio is € 106.75, which is € 9.93 lower than expected. When using the 95%
confidence level, the following evaluation levels should be noted: Cumulative probability
initially exceeds 5%. That is, the BB interest rate is € 110.83, which is € 5.85 lower than
expected. Comparing these two confidence levels, downgrading to B level is riskier than
downgrading to BB level. This can be expressed as the difference between the expected value

and € 9.93, which is much higher than € 5.85.

3.3.2 Credit quality correlation

Assuming zero correlation is usually too simple and impractical. This is because company
rating changes and defaults are caused by some common factors (business cycles, interest rate
changes, commodity price changes, etc.) , which means estimating the credit quality correlation

parameters. Let us regard default as a function of the company value as Fig 3.4 below:
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Fig. 3.4: Model of company value and its default threshold
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Source: CUPTON, FINGER, and, BHATIA. (1997. 37 p).

If the future value of the company is below the default threshold, the company will not be
able to meet its obligations and will lead to default. However, the default probability estimation
here is not important in the Credit Metric model, as one of the prerequisites of the model is to
always assign a credit rating to each debtor. Needs to be extended to include rating changes.

The extension links the default threshold to the credit rating transition threshold. Details are

shown in Fig 3.5 below.

Fig. 3.5 Model of firm value and generalized credit quality thresholds
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Source: CUPTON, FINGER, and, BHATIA., (1997. 38 p).
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As shown in Fig 3.5, the default rating threshold is the same as the default threshold in Fig
3.4, except that a credit rating is assigned to each value of the company in the time frame. If the
future value of the asset falls below this threshold, there is a default result. However, if future
assets are between the CCC and BB thresholds, bank analysts may downgrade the company's
stock to a BB rating. In this case, you can easily map relatives in the credit rating category to
asset values if you have specific numbers on both the horizontal and vertical axes. Therefore,
all we need to do is measure changes in the value of an asset and explain its changes in its credit
rating. To do this, we need to determine the other two parameters: the mean value of the asset
value u and the standard deviation o of the asset return. This is because the probability
distribution of future asset returns is normal. Merton model. Later, it became possible to
establish a connection between the asset threshold and the company's migration probability.
Use Zdef, ZCCC, ZBBB, etc. to represent the asset's revenue threshold. For example, you can
calculate the probability of each of these events that occur in the BB rating and is associated

with the probability of migration. Tab. 3.7,

Tab 3.7: Transition probabilities and thresholds for a BB-rated company

Rating Probability from the transition | Cumulative | Threshold
matrix (%) Probability

Default & (Zger/0)=1.06 1.06 230

CCC $(Zccc/0)- d(Zger/0)=1 2.06 -2.04c

B $(Zg/0)- d(Zccc/0)=8.84 10.90 -1.23c

BB &(Zgg/0)- d(Zg/0)=80.53 91.43 1.37c

BBB $(Zppp/0)- ¢(Zpp/0)=7.73 99.16 2.39c

A $(Za/0)- d(Zppp/0)=0.67 99.83 2.93c

AA $(Zaa/0)- &(Zs/0)=0.14 99.97 3.43c

AAA 1-p(Zpa/0)=0.03 100

As shown in Tab 3.7, if the future asset value is between -1.236 (ZB) and 2.396 (ZBBB), the
change is not enough to justify the rating change and the company stays in the BB. I will. If the
asset value is higher than 2.39c, the debtor will upgrade to a BBB rating.
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We can use the same method to calculate the A bond threshold, and the results are shown

in the following table.

Tab 3.8: Transition probabilities and thresholds for a A-rated company

Rating Probability from the transition | Cumulative | Threshold
matrix (%) Probability

Default & (Zger/0)=0.06 0.06 -3.240

CCC $(Zcee/0)- ©(Zger/0)=0.01 0.07 -3.190

B $(Zp/0)- d(Zccc/0)=0.26 0.33 2726

BB $(Zpg/0)- $(Zg/0)=0.74 1.07 230

BBB $(ZgpB/0)- ¢(Zpp/0)=5.52 6.59 -1.51c

A $(Za/0)- &(Zppp/0)=91.05 97.64 1.98c

AA $(Zan/0)- (Za/0)=2.27 99.91 3.120

AAA 1-d(Zpa/0)=0.09 100

The evolution of the two credit ratings is based on the following assumptions: The returns
on the two assets are related, normally distributed, and there is only a specific correlation
between the returns on the two assets. Therefore, the covariance matrix of the bivariate normal
distribution can be calculated as follows:

s=(7 )

poc’ o (3.20)

Then, assuming that the correlation coefficient p of the two asset returns is not equal to
zero, the likelihood rate for the two companies to maintain their current credit rating is between

Zgand Zgg, while the asset return for the A-rated company falls between Zggg and Z,.

Pr{Zg < R < Zgp, Zgpp < R < Zp}= fZZBBB szQBB f(r,r; ) (dr) (dr), (3.21)
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where f(r,r;2)) denotes the density function for the bivariate normal distribution with

covariance matrix ) and r and 1 denote the values that the two asset returns may take on in

the specific intervals.

3.4 Regulation of capital requirements

In this chapter, the capital requirements of some banks are developed in accordance with
the Basel Agreement. Focuses on the calculation of capital requirements under Basel
Agreement I, an extended version of the calculation of capital requirements under Basel
Agreement II in several ways, and measures to enhance bank supervision, supervision and risk

management after the financial crisis. Guess. Basel II1.

The Basel Agreement was first proposed by the Basel Committee in 1988. The original
name of the Basel Committee was the Banking Supervisory Commission, which was
established at the end of 1974 by the Governor of the Central Bank of Group 10. Oversight of
the Basel Agreement. A banking system that improves financial stability by improving the
quality of global banking supervision. This set of international standards for banking
supervision is the most notable and is a groundbreaking publication on capital adequacy
agreements, commonly referred to as "Basel I", "Basel II" and more recently "Basel Agreement

II". These three protocols are introduced in the next section.

3.4.1 Basel I Accord

In the early 1980s, capital adequacy ratios of major international banks continued to
deteriorate, international risk continued to increase, and the outbreak of the Latin American
debt crisis also drew the Commission's attention. In 1988, with the support of the Governor of
Group 10, the Committee issued a standard for measuring capital adequacy ratios, including a
weighted risk measurement method. This standard is called "Integration of International Capital

Metrics and Capital Standards" and is commonly referred to as the "Basel Capital Agreement".

Under the Basel Capital Agreement, they first described the components of capital. There

are two types of regulated capital.
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Tier 1: Core capital (basic capital) includes permanent shareholders' equity and disclosure
reserve, and goodwill is deducted. Permanent shareholders' equity capital includes common
stock and permanent non-cumulative preferred stock, and disclosed reserves include retained
earnings or other surplus (stock premiums, retained earnings, general reserves, statutory

reserves). Includes budget increases due to (such as money).

Tier 2: Supplementary capital includes non-disclosure reserves, revaluation reserves,
general reserves, hybrid debt capital instruments and subordinated bonds. Non-disclosure
reserves include some of the after-tax surplus accumulated from undistributed profits and banks
in certain countries may be allowed to retain non-disclosure reserves. The revaluation reserve
includes, for example, the implicit value generated by the revaluation of a bank's fixed assets
according to legal requirements in a particular country / region, and the valuation of long-term
stocks on the balance sheet. Based on past acquisition costs. A hybrid-capitalized product is a
product that includes equity capital and liabilities. Subordinated debt includes capital
investment in traditional unsecured subordinated debt. The minimum initial fixed period is 5

years or more, and the period of redeemable preferred stock is limited.

There are some restrictions on Tier 1 and Tier 2 capital. First, Tier 1 capital must be greater
than or equal to Tier 2 capital. Second, subordinated debt must be less than half of Tier 1 capital.
Third, the revaluation reserve from subsequent unrealized securities returns will be offset by

55%.

Second, the Commission believes that different weighted risk ratios are needed when
capital is associated with different types of assets. You can use these weighted risk ratios to
calculate risk-weighted assets (RW A) and further calculate capital adequacy ratios through the
risk-weighted capital measurement method. Weighted risk ratios are divided into four
categories: 0%, 20%, 50% and 100%. The less weight you have, the lower your risk. For
example, cash is considered to be allocated as a non-risk asset with a weighted risk ratio of 0%.

Annex 1 shows a specific item for each weight. Annex 1

Then the risk-weighted assets form N items can be computed as follow:

RWA = YN, W, - EAD;, (3.22)
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where W is the risk weight ofthe item and EAD; is the exposure at default of the item.

At last, Committee presented a series of target standard ratio of capital adequacy, which

can be expressed as follows,

Tier 1 capital element
RWA

Tier 1 ratio = > 4% (3.23)

Tier 1 captital+Tier 2 capital
RWA

Capital adequacy ratio = > 8%, (3.24)

The capital adequacy ratio is expressed as a common minimum standard which
international banks in member countries would be expected to observe form the end of 1992.
However, this equation presented here only reflects credit risk and there was a modified version
of capital adequacy containing market risk by 1996 Market Risk Amendment. The modified

version of capital adequacy ratio can be given by,

Tier 1 captital+Tier 2 capital
RWA+(12.5¥CRp)

Capital adequacy ratio = > 8%. (3.25)

where CR,, is capital requirement for market risk.

3.4.2 Basel II Accord

In June 2004, the Commission issued a revised capital framework, commonly referred to
as "Basel II". Under Basel II, the Commission has improved the framework for addressing new
risks, operational risks, rather than credit or market risks. In addition, there are several ways to
measure credit risk, market risk, and operational risk. This avoids Basel I's significant weakness
of assigning the same risk weights to different grades of loans. The revised Basel Agreement

framework includes three pillars:

» First pillar: Minimum capital for credit risk, market risk and operational risk,
» Second Pillar: Venture Capital Supervision and Review,

» Third pillar: Market discipline.

Pillar 1: Minimum capital for credit risk, market risk and operational risk
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The first pillar of Basel II is to provide standardized credit risk, market risk, and
operational risk rules through regulated capital and risk-weighted assets. This is the first attempt
to allocate regulatory cost of capital to operational risk management. In Basel I, regulated
capital is divided into Level 1 and Level 2, and regulated capital expenditures are allocated to
credit risk management.