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Abstract
A credit default swap (CDS) is an agreement between a protection buyer and a
protection seller. The value at risk model is a method to measure the market risk of
portfolios of financial assets by the way of specifying the size of a potential loss under
a given probability. The value at risk is the largest potential changes in value of an
investment product in portfolio in a specific period of time. In this paper, we focus on
computing VaR for CDS’s based on the CreditMetrics method. In order to do this in
practice, we take a single CDS contract from nine American companies as examples
to make the simulation. In contrast to some other methods, this method not only
considers the market risk, but it also takes the credit risk into account.
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Finding the Value at Risk for Credit Default Swaps
Chapter 1 Introduction
【 】

In order to solve the liquidity problem of a credit risk 9 , JP.Morgan Chase & Co.
created the first credit default swap (CDS) in 1995. Thus, they transferred the secured
party risks and reduced the difficulty and the cost of the issuance of bonds.
International Swaps and Derivatives Association (ISDA) created the standard of the
credit default swap contracts. According to the British Board of Agreement (BBA)
and ISDA statistics, the size of the CDS market grew from 400,000 million dollars in
1996 to 62.2 trillion dollars in 2007. The growth rate kept over 100% a year. At the
end of 2007, the sum of global GDP was 54.3 trillion dollars and the trading of the
New York Stock Exchange was 50.5 trillion dollars. From these data, we can see that
the CDS market has been an important component in the global financial market.
With the development of the financial crisis, the potential risk of the credit default
crisis and CDS contract, people pay more attention to the safety of the CDS product
and realize the importance of risk management of the CDS product. A CDS contract
just transfers the risk to the third party, but it hasn’t been eliminated. The trading lacks
government regulation. The central clearing system hasn’t been established. All these
reasons make the global credit default swaps market in the status of asymmetric
information. US financial market started to get in credit default crisis in June, 2008. It
means that CDS and other financial derivatives market faced a huge credit risk crisis.
From this point, we can also know the importance of effective risk assessment on the
credit default swaps【7 】.
In modern financial institutions, they often use the value at risk 【3 】 (VaR) model to
manage the risk of the financial product. However, VaR model has some shortages.
The main shortage is that it considers the financial product’s market risk rather than
the default risk【12 】. In this paper, we mainly focus on the credit default swaps. The
notable feature of the CDS has huge default risk. J.P Morgan Co. opened up
CreditMetrics model to estimate the financial product’s default risk in 2007. However,
the CreditMetrics model was designed for the traditional financial product, such as
bonds, bank loans and so on. Credit default swaps is a new financial product. The
theories of risk management are mostly from the macro-regulatory perspective. From
the point of microeconomic, mathematical model is still lacking. Therefore, we try to
establish the measure of CDS risk model.
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Chapter 2 General Information about Credit Default Swaps
2.1 Credit default swaps
Financial derivatives are financial products which are characterized as leverage credit
transactions and based on currencies, bonds, stocks and other traditional financial
products. There are many kinds of financial derivatives, such as futures contracts,
forward contracts and credit default swaps. In this paper, we focus on credit default
swaps. Credit default swaps (CDS) are agreements between a protection buyer and a
protection seller, i.e the buyer pays a series of premiums to the seller and the seller
makes a promise that seller will pay under the case of reference entity default
occurring. The event of default can be corporate restructuring, bankruptcy and lower
credit rating. CDS can be looked as derivatives, which transfers the underlying asset
credit risk from the protection buyer to the seller by the way of swaps. The
construction of a CDS can be illustrated as follows:
No default
Pay premiums to the maturity time
CDS
protection
buyer
Reference entity

CDS
Protection
seller

Case of default
CDS
protection
buyer

CDS
Protection
seller
Payment of compensation
Reference entity
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2.2 Main functions of CDS’s
Credit default swaps (CDS) have several kinds of functions. In this paper, we mainly
introduce three functions. The first one is a risk aversion function. Credit default
swaps， as one kind of financial asset’s default insurance, can peel the potential credit
risk【19 】 when creditors hold financial assets and transfer to a third party. Therefore,
due to the bankruptcy, reconstruction and other reasons, the borrower can’t pay the
bond interest and the principal, and these things will provide credit risk transfer
mechanisms which play an important role in risk swaps. Especially for commercial
banks, the credit risk can be taken away from the balance sheet through the CDS
contract. Thereby it will decrease the systemic risk and improve capital utilization.
The second one is the price discovery function. A CDS contract can be a collection of
default information which is divisively caught by the investors. It also provides a
dynamic, constantly changing the default information time sequence and gives
necessary information of discovering the price of the underlying assets. At the same
time, a CDS contract makes the default information combined with the credit risk
insurance; it also makes the default information supported by the real transaction. The
CDS market participants will express their true demand in order to promote the
discovery of the market price. Otherwise, a CDS gives the price which is related to
the credit risk, it also makes the risk clear. The third one is financing function. The
issue of a CDS contract has a great significance in solving the financing problems for
small and medium enterprises (SMES). SMES can reduce the threshold of the
issuance of bonds through the issuance of corporate bonds with a CDS and get rid of
the dependence of the bank guarantee. It can also improve the credit rating of
corporate bonds, issue the corporate bonds successfully and make the cost of
corporate finance lower. In addition, the development of the CDS market can promote
the active point of the bond financing market and effectively improve the financing
problem among the SMES.
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Chapter 3 Risk Evaluation Model
3.1 Value at risk model
As we know, the value at risk (VaR) model has been the international standard to
evaluate the risk of financial products. In this paper, we focus on introducing the VaR
model. The value at risk model is a method to measure the market risk of portfolios of
financial assets by the way of specific digits. This model is applied in risk assessment
process among corporate financial, fund’s risk management and financial institution.
Most central banks also uses VaR model to calculate the amount of capital responding
to market risk.
Value at risk is the largest potential changes in value of an investment product in
portfolio in a specific period of time. In a simple word, value at risk is to compute the
percentile distribution of P / L ( P means profit, L means loss ) for the portfolio in the
special period of time. In order to build a VaR model, we need two basic elements
which are confidence interval and holding period. Here, we take VaR is 98% for
example. It means that the maximum loss【1 】 with the probability is 98% . Moreover,
we often take one day or ten days as the holding period.
3.2 Computational methods
There are some methods to compute value at risk. In this paper, we mainly introduce
the four most common computational methods.
3.2.1 Variance-covariance method
The Variance-covariance method is a parametric approach【15 】. It assumes that the
changes in value of portfolio can be computed by multivariate normal distribution. It
means that getting the overall distribution function of the asset changes in risk factors
through the historical data. In this paper, we assume that the return is normally
distributed. If the relationship between the market price changes of a portfolio and its
risk factors is linear, P / L follows normal distribution. Therefore, value at risk can
be looked as a function of the normal distribution parameters. Assuming that a
portfolio is composing of a single asset, it is affected by only one risk factor. When
we compute the value at risk, we can take the income distribution of assets instead
of P / L . In the variance-covariance method, we assume P / L is normal distribution
of a single factor. The mean is  and the standard deviation is  . So value at risk is to
compute the percentage of the standard distribution’s 1   . We take it as Z1 :
V

Z1    ( x)dx .


4

We can calculate V  Z1   .

 ( x ) is a normal distribution function of P / L (the mean is  , the standard
deviation is  ). Z (.) is the inverse function of the standard normal cumulative
distribution. x is portfolio loss. V is the largest loss in the given confidence
interval( 1   ). The value of VaR can be calculated by

VaR  PV
 P0 (Z1   ) ,
0
where P0 is the initial portfolio value.
In this case, the value at risk means that the largest loss is P0 (Z1   ) when the
given confidence interval is 1   .
At the beginning of this method, we suppose that the risk factors of financial assets
are normal distribution. However, the real financial market is not in this case. It will
make simulation results less accurate and it is difficult to meet the requirements of
risk management.
3.2.2 Historical simulation method
【

】

The historical simulation method is a non-parametric 11 method which uses historical
data to construct P / L distribution in the portfolio. The important distinction of this
method is that this method doesn’t require any distribution assumptions and estimated
parameters. The historical simulation method assumes that the state of changes in
future is consistent with the changes in historical. Moreover, the occurred probability
of each vector ’s observed value in P / L is same. We can get the value at time
t  t by the way of using the changes value P in historical portfolio and the value
of portfolio Pt . We can know that

Pt t  Pt  P
The historical simulation method can also be seen as historical changes in market risk
factors to simulate the P / L distribution of the portfolio at a future time. It means that
simulating the P / L distribution in the way of using the current portfolio combined
with the changes in market elements in the past N days. When we calculate N
market risk elements, we use the current value and the changes value in the past
N days. Therefore, we use the N assumed risk elements and can get the P / L
distribution and the portfolio value according to the market value pricing.
There are three ways of historical simulation methods to calculate P / L which are full
revaluation approach method, delta method and EWHS method.
5

The full revaluation approach[20] is to revaluate the assumed value of the portfolio
according to the market pricing, and by contrast with the current portfolio value in
order to derive the assumed P / L . We assume that the portfolio is composing of
n assets. That’s say that there are n risk elements. We introduce the
notation R  ( R1 , R2 ...Rn )T , Ri represents risk of the asset i. The vector of risk is
represented by R . Here, we must point out that the main potential risk factors are the
stock price, the premium of CDS , the exchange rate and the interest rate.
We introduce the following definitions.
the changes in market risk factor Ri in the time interval t in

Ri

past N days
the portfolio current value relating to the i ' s asset at time t

Pi ( R)

n

P(R)

the whole portfolio current value at time t , P ( R )   Pi ( R)
i 1

the portfolio value at time t  t

P ( R  R )

Now we can express the full revaluation approach as:
 P ( R )  P ( R  R )  P ( R ) .

Here P ( R ) is the gain or loss of the portfolio according to the market pricing at
time t . The key of this method revaluate P ( R  R ) ,
n

P( R  R)   Pi ( R  R) .
i 1

Therefore, we can get that
n

n

n

i 1

i 1

i 1

P( R)   Pi ( R  R)   Pi ( R)   [ Pi ( R  R )  Pi ( R )] .

From this formula, we can see that we just need to know Pi ( R) , and then we can
estimate P / L distribution.
The full revaluation approach method contains the case of nonlinear condition. To
some extent, its accuracy is higher. However, it also requires a lot of calculations to
complete including a large number of random variables in the whole portfolio value.
The key of delta method is looking for the potential risk factors of a portfolio and
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their corresponding sensitivity. We use the first-order Taylor expansion and we
get: P( R  R)  P( R) 

P
2 P
R 
R 2  ...
2
R
2!R

P
R .
R
P
Then we can get P ( R ) 
R .
R
P
Here,
represents sensitivity of the risk factor R .
R
 P( R) 

We assume the changes in value ( P ( R ) ) in portfolio is the P / L distribution. When
there is a linear relationship between the value of the portfolio and the risk factors, the
accuracy is as high as the Full Revaluation Approach method. When the relationship
is non-linear, we need to use higher order approximations.
Now we will introduce the third method which is exponentially weighted historical
simulation method (EWHS)【11 】. This method is the improvement of the historical
simulation method. We assume each value of P / L is the same proportion in historical
simulation method. However, it doesn’t exist in reality as the volatility changes with
time. In exponentially weighted historical simulation method, we make the proportion
of past observations discount into the proportion of new observations. We provide an
example here. T he proportion of probability 1 day ago is D1 . The proportion of
probability 2 days ago is D2 and it is  D1 . Continuing this way, we deduce
that D3   2 D1 ,

n

D
i 1

i

 1 . We choose  between 0 and 1 and  represent the

proportion of decay index ratio. When  is close to 0, it means that the proportion of
the decay rate is relatively slow. When  is close to 1, it represents that the
proportion of the decay rate is relatively fast.
We assume that the parameters value in this form.
Confidence interval Q

Q  1    99%

Decay index 

  0.995

The number of the observed values
in P / L vector N
The vector of P / L

N  400
P / L(t0 )  ( PL(i ))i 1,2,... N
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 P / L(t0 , t1 ) 
 P / L(t , t ) 
0 2 
We point that P / L(t0 )  
.


......


 P / L(t0 , t N ) 
Here PL (i ) ( i  1, 2...N ) is the assumed value in the time interval [t0 , ti ] . We also
assume that the absolute or relative change in risk factors at t0 is the same with the
changes in the interval[ti , ti 1 ] .
The calculation steps are the following:
(1) Construct the specific gravity value
We need to construct the exponentially decaying gravity according to  0.995 .
From D  [ D1 , D2 ...DN ]T , Di 1   Di ,

N

D
i 1

i

 1 , we can derive that D1 

1 
.
1  N

The weight of observations in P / L is following.
The weight D
Observe value Pi

1 
1  N

PL1

D1 

PL2

D2  .D1

……

……

PLN

DN  .DN 1

(2) Sequence
We make the ascending order to the vector P / L(t0 ) and its specific weight, and then
we will get a new vector P of new P / L and a new specific weight vector W .
We take P  [ P1 , P2 ,...PN ] , where P1  min( P / L(t0 )) , PN  max(P / L (t0 )).
T

We also take W  [W1 , W2 ,...WN ] , where W1 is the specific weight to P1 , WN is the
T

specific weight to PN .
(3) Construction of the discrete distribution
We can make a new discrete distribution ( x, F ( x)) of the new P / L responding to
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the new order of the vector P and vector W . We can derive x from P (i ) . We also
construct F ( x ) according to cumulative specific gravity.
P P
P  PN 1
P1  P2
, P2 , 2 3 ,..., N
, PN , PN  y N ] .
2
2
2
P  PN 1
P P
Here y1  1 2  P1 , y N  PN  N
.
2
2
[ x]  [ P1  y1 , P1 ,

For F ( x ) , we assume the proportion of P (i ) is not concentrated and it is discrete in
the observe interval.
The constructed discrete distribution
Observe value x

Cumulative specific gravity F ( x )

P1  y1

0

P1

0.5W1

P1  P2
2

W2

P2

0.5W2  W1

P3  P2
2
……
PN 1  PN
2

……



i 1

PN



i 1

PN  yN



i 1

W1  W2
N 1

Wi

N 1

N

Wi  0.5WN

Wi  1

(4) Calculating the value at risk (VaR)
The VaR is  F 1 (1  Q) . Assuming that we find the interval [ x0 , x1 ] and

(1  Q) [ F ( x0 ), F ( x1 )] , then we can get that:
VaR  [ x0  (Q  F ( x0 )).

x1  x0
].
F ( x1 )  F ( x0 )

The historical simulation method which is a non-parametric method is widely applied
in the field of estimating financial risk. This method is easy to operate in practice.
This method doesn’t need strictly distribute assumption and it is better than the
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parameter method. When the market condition is very stable, we can get a reasonable
result through this method. However, this method is completely relied on the
historical data. If a market crisis has occurred, the accuracy will become worse.
Moreover, we need to obtain the complete and accurate historical data and it is a very
huge obstacle for us.
3.2.3 The Monte-Carlo method
Monte-Carlo simulation【17 】 approach method is to simulate the behavior of changes in
the risk factors through the changes of generating thousands of hypothetical random
risk factors. We can understand the change as the difference between the premiums at
T  0 and the expected value at T  1 【14 】. This method assumes that the statistical
distribution of the simulation can fully reflect or approximate the trend of changes in
market factors. We use this distribution to construct the P / L distribution of a
portfolio and then get VaR. Using this method, there are three steps.
(1) Determine the joint distribution of changes in market risk factors and make

S1 , S2 ,...SN simulate

N 10 times.

In this step, it’s important to find a reasonable market risk factors and set the
distribute function for the changes in market risk factors. We also need to estimate the
parameters in this distribute function. Generally speaking, we can take the arbitrary
distribute function which can describe the trend of market risk changes in future, and
then this function can affect the final simulation result in some extent. Thus, we often
assume the trend of the market risk factors in future is the same with the past.
(2) Determine the P / L distribution of income and loss.
In this step, we can use the two ways of the Historical Simulation method. We can
estimate S  S1 , S  S2 ,...S  S N at time T  t in every scenario using the Full
Revaluation Approach method. Then we determine the P / L distribution by the way
of making the difference between the current values in portfolio and revalue in each
scenario. We can directly get the P / L distribution of portfolio through the delta
method to simulate the changes in risk factor in every scenario.
(3) Estimate the VaR
We use the exponentially weighted historical simulation method to calculate the
absolute value of P / L distribution 1% one day. That is the VaR at 99% one day.
The Monte-Carlo simulation approach method uses the statistic model which mostly
can represent changes in risk factors. On one hand, the advantage of this method is
that the result can be used to predict the trend of economics and we also get higher
accuracy through lots of scenarios. On the other hand, the disadvantage of this method
10

is that it needs a huge computation and the reasonable result depends on choosing the
distribution model. Thus, using this method requires the experience of mathematical
analysis.
3.2.4 Calculation of VaR based on the CreditMetrics model [21]
With the increasing of the generation and trading volume of credit derivatives in the
modern financial markets, estimating the credit risk【18 】 of these financial products has
become an important topic. The Variance-Covariance method and the historical
simulation method just focus on the market risk and get the value at risk when the
default has occurred. The CreditMetrics model is a risk management product which
was invented by J.P.Morgan Co. in order to calculate the credit risk. Comparing to
Variance-Covariance method and historical simulation method, this method not only
consider the market risk, but also take the credit risk into this method. On one hand,
CreditMetrics model considers the expected loss of assets. On the other hand, it also
estimates the changes in value caused by the changing of the credit rating in the
assets.
We can summarize the calculation steps of CreditMetrics model into three steps [21].
Step 1: Estimate the exposure distribution of a portfolio which is caused by market
volatility or market risk.
Step 2: Calculate the changes in portfolio value due to the credit rating increasing or
decreasing.
Step 3: Estimate of the correlation among the default case of each asset in portfolio.
The structure of the CreditMetrics model is following.
Exposure

Value at risk due to
credit

Portfolio

Credit rating

Seniority

Credit Spreads

Market
volatility

Rating
migration

Recovery
rate in

Present value
Bond

likelihoods

default

revaluation

Correlations

Rating series

Models e.g.
correlations

Exposure

Standard Deviation of value due to credit quality

Joint credit

distributions

Changes for a single exposure

Rating changes

Portfolio Value at Risk due to Credit
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We often use the Index Weights method to estimate the probability of change in the
assets value, when we use the Historical Simulation method to calculate the VaR.
However, the probability which we use in CreditMetrics model is the probability of
the credit transition matrix. It will make the VaR estimated value more and more
reasonable accuracy.
In this method, we just consider market risk and credit risk and ignore the liquidity
risk of the assets. Basel II has proposed a new venture capital model which takes the
market risk, credit risk and liquidity risk into consideration, and then calculated the
capital amount of risk provision in 2008. However, the new venture capital model is
very difficult to operate in practice. Nowadays we often use the CreditMetrics model
to get asset’s VaR.
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Chapter 4 Pricing Model of Credit Default Swaps
The basic idea of the CDS product pricing is the net present value of the CDS contract
which is zero at the beginning of the transaction. It means that the set of CDS
【
】
premiums must make the present value of the premium leg and default leg equal 13 .
4.1 Assumption
The assumptions according to the pricing model of credit default swaps are as below:
1. The hazard rate is segmented fixed. It means that the rate is changed with the time
period and it is fixed during a period.
2. The recovery rate (R) is fixed.
3. The counterparty risk is ignored.
4. The interest rate is independent of the default process.
5. The cumulative premium is ignored from last pay day to the breach of contract
date.
4.2 Parameter settings and several concepts
hazard rate at time t

 (t )

the distribution function of the default
at time t
recovery rate
the premium of the Credit Default
Swaps
the survive rate at time t ,

Q (t )

R
S
SR (t )

SR (t )  1  Q (t )

the probability of default from time

DP(ti )

ti 1 to time ti , DP(ti )  Q(ti )  Q(ti 1 )

T

the default probability density function
under the risk-neutral at time t
the maturity time

ti

ti  ti  ti 1

N

the number of the CDS premium

q (t )

payments, N 

T
ti

the number of default

M
13

the discount rate, it means the present
value of zero coupon bonds at
time t
the present value of the premium leg

D (0, t )

PL

In practical operation, the time of handing PL is regular. The period is one year
or one season. The case of the default is random. The present value of the
premium leg is determined by these factors.
·The premium for each period multiplied by the survival of that time.
·Expected premium discount to the present value.
·The cumulative premium is ignored from last pay day to the breach of contract
date.
When we have N premium cash flow, the present value of premium leg can
be expressed as:
N

. )t
P L  S i t (D0 , i t) S (R
i
i 1

DL is the present value of the default leg.
The present value of the default leg is determined by the factors which are
following.
·The default for each period multiplied by the default probability of that time.
·The expected default payment discount to the present value through the risk-free
rate.
【 】
We need to consider that the case of the default can happen at random time 4 . We
assume that the payment happen when the case of the default happen. The
present value of the default leg is in the form of:
T

D L  ( 1 R ) D( 0 ,t )q (t. )d t
0

We use V to express the value of the Credit Default Swaps,

V  D L P L
T

N

0

i 1

  (1  R) D(0, t )q(t )dt   S .ti D(0, ti ) SR(ti ) .

Obviously, the premium of Credit Default Swaps makes the value V equal to zero.
V  D L P L0 ,



T

0

N

(1  R) D(0, t )q(t )dt   S ti D(0, ti ) SR(ti )  0 .
i 1

Solve it and we can get:
T

S*

 (1  R) D(0, t )q(t )dt .

 t D(0, t )SR(t )
0

N

i 1

i

i

i

In this paper, we take the expected value of DL as discrete value:
14

m

DL   (1  R) D(0, ti ) DP(ti ) .
i 1

Therefore, the premium can be approximated as

 (1  R) D(0, t ) DP(t ) .

 t D(0, t )SR(t )
m

S

*

i 1

i

i

N

i 1

i

i

i

In fact, the difference of calculating DL value of using the continuous and discrete
is very small【6 】.
In the pricing model of Credit Default Swaps, we treat the case of default is as a
Poisson Process.
t

P (No default until time t )  SR (t )  exp{ 0  ( s )ds} .

The function of the default distribution is:
t

Q (t )  1  SR (t )  1  exp{   ( s )ds} .
0

The density function of the default is:
t

q (t )   (t ) exp{   ( s) ds} .
0

When the hazard rate is a straight line at some time (  (t )   ) ,
S   .(1  R ) .

The survival rate can simply be written as
t

SR (t )  exp{   ( s )ds}  e  t .
0

The function of the default distribution can simply transfer to the form of:
t

Q(t )  1  exp{   ( s) ds}  1  e  t .
0

Now the density function of the default is:

q(t )  et .

When the hazard rate is a straight line at some time (  (t )   ), the simplify process of
the credit default swaps pricing formula is following.
The simplified process:
The hazard rate  (t )   , then the survive rate is SR  (1  R ) .
N

PL   S ti D(0, ti )SR(ti )
i 1
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T

  SD(0, t ) SR(t )dt
0

T

 S  e  t e  rt dt
0

T

 S  e  (   r )t dt
0



S
[1  e (   r )T ]
(r   )
T

DL   (1  R )q (t ) D (0, t )dt
0

T

  (1  R ) e  t e  rt dt
0



(1  R)
[1  e (   r )T ] .
(r   )

When the trade is starting, the net present value of the CDS contract is zero. That’s
to say that PL  DL .

S
(1  R)
[1  e (   r )T ] 
[1  e (   r )T ] .
(r   )
(r   )
So the pricing formula of the credit default swaps can be simplified into:

S *  (1  R) .
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Chapter 5 Computing the VaR for CDS’s Based on the CreditMetrics Model
In this paper, we just consider a single CDS contract. In other words, we only
consider the case of the asset in the portfolio. We focus on building CreditMetrics【2 】【5 】
【 】【
】
model to compute that VaR 8 10 for CDS contract. In this model, we make two
assumptions. One is the interest rate is fixed during the whole time domain. It mea ns
that the market is stable with lower volatility. Thus, the asset exposure is fixed. The
other is that we don’t consider the correlation of the assets in the portfolio. This is
because we just consider a single CDS contract. According to the structure of the
CreditMetrics model, we just need to consider the changes in assets caused by
changes in credit rating. The three key factors in this model are the credit rating level
of the sample assets, the transition probability between the level of credit rating and
the re-assess of the CDS contracts value.
The specific calculation steps are as follows.
1. The classification of crediting rating
We need to find specific level of credit rating of each company and classification. We
can get it from S&P【16 】 500, and then we acquire the default probability DP
corresponding to each rating level.
2. Calculate the hazard rates and the survival rates corresponding to different credit
rating
According to the formula SR (t )  1  DP  exp( t ) , we can get the relationship
among the default probability DP , the hazard rates  and the survive rates SR (t ) .
From the step 1, we get the default probability DP . Using the relationship among
these three factors, we can get the hazard rates  and the survive rates SR (t ) .
3. Calculate the transition matrix corresponding to credit interval
From the S&P rating agencies statistical data, we can get the credit transition matrix
in 1 year. According to the square root of time rule, we can calculate the transition
matrix corresponding to the credit interval. In this paper, we calculate the new
transition matrix one week.
4. Estimate the distribution of the changes in CDS value in credit interval
According to the CDS contract pricing model, we can calculate the premium leg and
the default leg corresponding to the credit rating.
T

N

0

i 1

FromV  DL  PL   (1  R) D(0, t )q (t )dt   S ti D(0, ti )SR (ti ) , we can calculate
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the new value of the CDS contract within the credit interval. Therefore, we can get the
changes in CDS value V ( V  Vt 1  Vt ) in credit interval. We combine V with
the credit transition matrix. At last, we can get the distribution of the changes in the
CDS contract value V and the value of VaR. Now we show how to get V and
VaR. We can get the new P / L with weight ( V ) from [credit transition
matrix][ P / L ] = [ new P / L with weight( V )]. We sort the P / L in order from small
to large. We also can get the new credit transition matrix (weight) in order
corresponding to the P / L . Now we need to construct the new sequence of credit
transition matrix (weight). We define that the i ' s new weight is calculated by

Wi  W1  W2  W3  ...  Wi . When new weight Wi  0.95 and Wi  0.99 , we can get
the new P / L . The new P / L is the VaR. Here we use the interpolation method.
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Chapter 6 An Example
In this chapter, we will give the example to compute the value of the single CDS
contract at risk. We also will analyze the results. For the CreditMetrics method, we
take the holding horizon as 1 week. It means that we need to calculate 99% VaR and
95% VaR for 1 week. In this paper, we take the sample companies from the same
country to analyze. It is because that we need to avoid the exchange risk and the
influence from different economic conditions. The sample companies come from the
following areas finance, industry, retail, electronics, materials and constructions. The
rating is from A to B .
The list of Companies is the following.
Company Name
Goldman Sachs
Bank of America
Wells Fargo
Aig Group
Alcoa Inc.
Caterpillar
Wal-Mart stores
Dow Chemical
Hewlett-Packard

5-year contract BP
3-year contract BP
228.6275
216.4376
273.3807
259.9577
115.1233
87.0887
320.2020
262.1059
282.5502
187.2249
92.5854
59.9340
50.0979
31.7227
149.6915
100.1444
99.6533
64.3174
Form 1: the data is form Bloomberg.

The credit rating for all the companies is the following.
Company Name
Credit Rating
Goldman Sachs
A
Bank of America
A
Wells Fargo
A
Aig Group
A
Alcoa Inc.
BBB
Caterpillar
A
Wal-Mart Stores
AA
Dow Chemical
BBB
Hewlett-Packard
BBB
S
&
P
Form 2: the data is form <
>.
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We summarize all data into one form.
Data Group
Name
Numbers of
A
CDS
Finance
4
area
Material
2
area
Architecture
1
area
Retail
1
1
area
Electron
1
area
Sum up
9
1
Form 3

A

BBB

4
2
1

1
5

3

Here we need to point out something. Firstly, every CDS can choose two different
maturity times (3 years or 5 years). Secondly, we take the data from the time Mar 31 th ,
2011 to Mar 30th , 2012. The sum of trading days is 263. Thirdly, we gather the daily
premium market value of the single CDS from these ten sample companies. The time
horizons are 3-year and 5- year. Based on it, we can calculate the weekly average
premium. Fourthly, the currency is USD. Fifthly, the confidence intervals are 99% at
one side and 95% at one side. Lastly, the holding horizon is 1 week.
6.1 The assumptions and the model simplification
The risk-free interest rate is fixed until the maturity time is up. Moreover, the fixed
interest rate of 5-year CDS contract is r  3.31% and the fixed interest rate of a
3-year CDS contract is r  2.47% . The recovery rate R is fixed, and we set it equal
to 40% . The deferred premiums are ignored since the last payment date to the
occurrence of an event of default. The premium is paid continuously until the default
case is happening. We assume that in the CDS contract, there is no default event in the
historical data.
From the assumption, we can make the pricing model of CDS simplification.
Survival rate: SR (t )  exp(  t ) .
The default distribution function: Q (t )  1  SR (t ) .
T

Then, PL  0 S .SR (u ) D(0, u )du
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T

DL   (1  R ) D(0, u ) SR (u )du .
0

Thus, V  PL  DL
T

T

0

0

  SSR (u ) D(0, u )du   (1  R) D(0, u ) SR(u ) du
T

 [ S   (1  R )] SR (u ) D(0, u ) du
0

T

 [ S M   (1  R)] SR(u ) D(0, u )du
0

T

 [ S M   (1  R)] e  u e  ru du
0

1  exp((r   )T )
r 
1  exp((r   )T )
.
 [ S0  S M ]
r
We express the new characters as follows.
 [ (1  R)  S M ]

the observation value of the CDS
contract at time t
the price of the CDS contract at
time t  0
the maturity time
the fixed risk-free rate.

SM

S0
T
r

We can know that the value changes in CDS contract is Vh  V (h) . We can also
express it as P / L (0, h) .
6.2 Test data and results
The form is the default probability of credit rating for 1 year and it is following.
Rating Level
Default Probability
AAA
0.00
AA
0.0002
A
0.0008
BBB
0.0024
BB
0.0090
B
0.0448
CCC
0.2682
Form 4: the data is from <S&P Rating 1981-2011>
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From the relation between credit rating and hazard rate  , we can get another relation
form. The form is as follows.
Rating Level
AAA
AA
A
BBB
BB
B
CCC

Default Probability
Hazard Rate 
0.00
0
0.0002
0.00020002
0.0008
0.00080032
0.0024
0.00240288
0.0090
0.00904074
0.0448
0.04583454
0.2682
0.31224803
Form 5

SR(t)
1.00
0.9998
0.9992
0.9976
0.9910
0.9552
0.8318

The next form is the credit transition matrix for 1 year. We got it form S&P.

AAA
AA
A
BBB
BB
B
CCC

AAA
AA
A
BBB
0.8719 0.0869 0.0054 0.0005
0.0056 0.8632 0.0830 0.0054
0.0004 0.0191 0.8727 0.0544
0.0001 0.0012 0.0364 0.8487
0.0002 0.0004 0.0016 0.0524
0
0.0004 0.0013 0.0022
0
0
0.0017 0.0026
Form 6: the data is from<S&P credit

BB
0.0008
0.0006
0.0038
0.0391
0.7584
0.0557
0.0078
transition

B
CCC
0.0003 0.0005
0.0008 0.0002
0.0016 0.0002
0.0064 0.0015
0.0719 0.0075
0.7342 0.0442
0.1367 0.4393
matrix 1981-2011>.

DP
0
0.0002
0.0008
0.0024
0.0090
0.0448
0.2682

We use the time square method to make 1 year credit transition matrix to 1 week
credit transition matrix. The form of the credit transition matrix for 1 week is
following.

AAA

AAA
0.997361

AA
0.001921

A
0.000029

BBB
0.000005

BB
0.000018

B
0.000004

CCC
0.000015

DP
0.00

AA
A

0.000123
0.000007

0.997149
0.000422

0.001834
0.997340

0.000064
0.001211

0.000008
0.000059

0.000016
0.000031

0.000005
0.000003

0.0002
0.0008

BBB

0.000002

0.000018

0.000811

0.996796

0.000929

0.000108

0.000036

0.0024

BB
B

0.000005
0.000000

0.000008
0.000009

0.000009
0.000028

0.001251
0.000005

0.994606
0.001430

0.001829
0.993861

0.000169
0.001467

0.0090
0.0448

CCC

0.000000

0.000000

0.000046

0.000071

0.000073

0.004555

0.984100

0.2682

Form 7: the credit transition matrix for 1 week.
We need to calculate the average weekly premiums. We will show them in appendix.
Then we can get the distribution P/L of the CDS contract for every company. We also
show them in appendix.
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Based on the CreditMetrics method, we can calculate the VaR. The VaR of different
companies is following.
Company
name
Goldman
Sachs
Bank of
America
Wells
Fargo
Aig
Group
Alcoa
Inc.
Caterpillar

3-year contract
95% VaR
-673.6683

3-year contract
99% VaR
-997.1151

5-year contract
95% VaR
-556.3872

5-yearcontract
99% VaR
-1.0209e+03

-847.7783

-1.2057e+03

-664.0983

-1.2205e+03

-223.0832

-391.2025

-169.2122

-490.9149

-684.7405

-1.1802e+03

-627.8265

-1.3982e+03

-603.2689

-807.8794

-794.7168

-1.2916e+03

-90.5544

-256.0868

-112.8263

-389.9554

Wal-Mart
Stores
Dow
Chemical
Hewlett
Packard

-16.7135

-124.3793

-17.6388

-194.3119

-294.6684

-460.3323

-396.2615

-679.4213

-191.1911

-296.0274

-288.0573

-457.0620

Form 13
From Form 13, we can see that the VaR of Wal-Mart Stores is the largest one. From
the credit rating form, we know that the credit rating of Wal-Mart Stores is the highest
one. It proves that crediting rating is getting better and the credit risk is lower, the VaR
value will become lower.
Now we will show the pictures of the different companies that CDS P/L goes over the
estimated VaR which is the test for VaR using the CreditMetrics model.
We will show them in different pictures.
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At last, we will show the VaR per week of the companies.

From this picture, we can see that the Wal-Mar Stores has the lowest VaR. It is further
evidence that the higher the credit rating, the lower the VaR.
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Chapter 7 Conclusion
Credit default swaps are agreements between a protection buyer and a protection
seller. The value at risk model is a method to measure the market risk of portfolios of
financial assets by the way of specifying the size of a potential loss under a given
probability. The value at risk is the largest potential changes in value of an investment
product in portfolio in a specific period of time. In this paper, we focus on computing
VaR for CDS’s. At first, we introduce the traditional risk valuation model. We mainly
introduce the value at risk model (VaR). Based on this model, we also show four
methods to calculate VaR (Variance-Covariance, Historical Simulation, EWHS and
CreditMetric method). The Variance-Covariance method is a parametric method and it
also assumes that the risk factors are normally distributed. All of these reasons made
the value different from the actual data. Historical simulation method is a
non-parametric method. This method treats the distribution of changes in asset future
price as the distribution of changes which we get from the historical data. Therefore,
we can simulate the P/L (P means profit, L means loss) distribution of assets and VaR.
In the historical simulation method, we often take the full revaluation approach and
delta method. When the value of portfolio is linear to the risk factors, both of methods
have the same accuracy. Obviously, the delta method can reduce the computational
complexity effectively and improve efficiency. At the same time we k now that the
assumption can not achieve. Another method that has been considered is the so-called
EWHS method. In order to get more accuracy, this method constructed a vector of
exponential decay probability. Monte-Carlo simulation method estimates the
distribution of factors by the way of simulating the changes in assumed risk factors.
This method strictly depends on the distribution model and it needs mathematical
experience. Finally, we focus on introducing the CreditMetrics method to compute
value using VaR model. We also introduce the pricing model of the credit default
swaps. We combined the pricing model of the credit default swaps and the
CreditMetrics method to calculate VaR for a single CDS contract. Using the
CreditMetrics method, the important steps are finding the credit rating, the transition
matrix between the rating level and the revaluation value of the CDS contract. In
order to make it in practice, we take the single CDS contract from nine American
companies for example to make the simulatio n. Compare to other methods, the
CreditMetrics method not only considers the market risk, but also considers the credit
risk. It gets the probability from the credit transition matrix and it makes the VaR
value more accurate. From the test, we can also know that VaR is getting bigger when
the credit rating is lower. It is consistent with the facts. Certainly, this model also has
some defects. We don’t consider the changing of hazard rate and the changes in CDS
contract premiums.
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Appendix
The average weekly premium of the companies is following. (For 3-year)

Form 9
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The average weekly premium of the companies is following. (For 5-year)

Form 10
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We show the distribution P/L of the CDS contract for every company. The
distribution for 3-year CDS contract:

Form 11
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The distribution for 5-year CDS contract:

Form 12
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