
V. Greeks of CDO Tranches and Hedging Approaches 

 In this chapter, we discuss how the implied copula model can be used to 

calculate deltas as index market spread shifts widen and as the credit spread of any 

one CDS name shifts widen. We then discuss how the dynamic hedging can be done 

more precisely under the implied copula model than under the Gaussian copula model. 

The risks managed by correlation investors and traders are as Exhibit 9. 

 

Exhibit 9 
Risks Managed by Correlation Investors and Traders 

 
 

 Correlation investors typically consist of fundamental credit investors who are 

looking to acquire cheap synthetic assets in an effort to enhance yield. These investors 

are long-term investors, that is, these investors have the strategy of “buy and hold”. 

The main risk they take is the credit risk. On the other hand, correlation traders are 

mainly relative value investors looking to acquire cheep convexity, volatility, or 

correlation. Moreover, issuers are like investors but take the opposite risk to investors, 

in other words, deltas of investors and issuers is different in sign. In this chapter, we 

mainly discuss deltas and correlations.  

 In section 5.1, we discuss deltas with two different methods, the implied copula 

approach and the flat term structure model. Then, we discuss the delta sensitivity of 

these two methods in section 5.2. In section 5.3, we talk about the delta of the five 

tranches when only the credit spread of any one CDS name shifts. 
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5.1 Comparison of Flat Term Structure Model and Implied Copula Model 

 In this section, we first calculate deltas of the five tranches with implied copula 

approach and also with the flat term structure model for CDX data on June 8, 2007. 

We calculate the deltas by two different methods. In our study, we calculate the deltas 

by the model which assumes a flat term structure of CDS quotes (Kakodkar, Martin 

and Galiani, 2003), and we also calculate the deltas by the implied copula approach. 

We then compare the results of the two method. 

 In the flat term structure model, we assume that the index can be computed to get 

an average hazard rate, which is homogeneous to all the underlying and CDO tranches. 

By assuming a flat term structure of credit swap quotes, the average hazard rate is  

 
  

(  )averge
Index Credit Spread

1- Recovery Rate
λ =                     (26) 

 

 In our case, the credit spread of the index is 35.5 bps, so the average hazard rate 

is about 0.0087. We use this value to calculate in the flat term structure model for the 

deltas. In the other hand, we use the result we have from the implied copula approach 

to compute the deltas of the five CDO tranches. Moreover, we assume that average 

credit spread shifts 10 basis points wider. The delta is calculate by the following 

equation, 

 

  - -     
  - -    

Change in Mark To Market of TrancheDelta of Credit
Change in Mark To market of CDS index

=         (27) 

 

 In the flat term structure model, as the index spread shifts wider, it means that the 

whole economy is going to be worse which cause a worse default environment. In 

contrast, as the index spread shifts narrower, it means that the whole economy is 

going to be better which cause a better default environment. Similarly, in the implied 

copula approach, as the probability distribution moves to the right in parallel, it means 

that the whole economy is going to be worse which cause a worse default 
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environment. In contrast, as the probability distribution moves to the left in parallel, it 

means that the whole economy is going to be better which cause a better default 

environment. Thus, we measure the value of CDO tranches changed caused by system 

risk by assuming index spread shifts wider or narrower in the flat term structure 

model, and by assuming probability distribution moves to the right or the left in 

parallel in the implied copula model. 

 As using the flat term structure model, we calculate the average hazard rate with 

Equation (26). The original index spread is 35.5 basis points, so we have the average 

hazard rate equals to 0.00355/0.41 or 0.0087 where recovery rate is set to be 0.59 

from Equation (17). As spread shifts widen for 10 basis points, the new average 

hazard rate equals to 0.00455/0.41 or 0.0111. We then use these two values to 

calculate the deltas of the CDO tranches of CDX IG on June 8, 2007. Exhibit 10 

shows how the probability distribution moves to the right as spread shifts widen in 

parallel for 10 basis points. 

 

Exhibit 10 
Probability Distribution of CDX IG on June 8, 2007, Moving to the Right 
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 By using the new probability distribution of hazard rates, we then compute the 

new value of the CDO tranches and the CDS index. From Equation (27), we therefore 

have the deltas of the CDO tranches. Exhibit 11 shows the comparison of the deltas 

(%) with the two methods, and Exhibit 12 shows the result considering notional 

principal of each tranche and CDS index.  
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Exhibit 11 
Delta (%) of the Equity Tranches as 1 Basis Point Spread Shifted Wider of 5-year 
CDX IG on June 8, 2007  
 

CDX IG 
 0% to 3% 3% to 7% 7% to 10% 10% to 15% 15% to 30% 

Implied Copula 105.04 51.36 1.45 0.83 0.30 

Adjusted Implied Copula   59.74 35.09 7.58 5.44 4.79 

Flat Term Structure Model  66.18 29.74 5.68 4.00 3.52 

 
 
Exhibit 12 
Delta per Dollar of Principal of Each Tranche and CDS Index as 1 Basis Point 
Spread Shifted Wider of 5-year CDX IG on June 8, 2007  
The delta per dollar of principal is the delta (%) divided by (DP - AP) for each tranche. The market-quote 

deltas refer to the research by Deutsche bank. 

CDX IG 
 0% to 3% 3% to 7% 7% to 10% 10% to 15% 15% to 30% 

Implied Copula   35.01 12.84 0.48 0.17 0.02 

Adjusted Implied Copula 19.91 8.77 2.53 1.09 0.32 

Flat Term Structure Model 22.06 7.44 1.89 0.80 0.23 

Market Quotes 21 5.25 1.5 0.7 0.2 

 

 From Exhibit 11, we find that as the credit spread shift wider, the adjusted 

implied copula method (the implied copula model we improved in chapter III) reflects 

the value of the CDO tranches related to the CDS index better than the flat term 

structure model, especially for high mezzanine tranches and senior tranche. The flat 

term structure model can not consider the extreme situation of hazard rate term 

structure, and it’s only a point of hazard rate moved. However, the adjusted implied 

copula approach considers a range of hazard rate term structure and truly reflects the 

extreme situations to the five tranches. Moreover, from Exhibit 12, we find that the 

delta risk per dollar of notional principal of each tranche is down forward from the 

equity tranche to the senior tranche. 

 Moreover, from Exhibit 11 and 12, we find that the implied copula method 

without adjustment is not able to match the market data because its use a simple 
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estimation of cumulative default probability, Q. Here, in our study, we suggest that 

using probability bucketing to have a precise estimation of cumulative default 

probability, Q, is very crucial to our hedging models. Thus, we adjust the implied 

copula method by taking probability bucketing into account when we calculate the 

value of each tranche so we call this method as the adjusted implied copula method. 

 Consequently, we conclude that the flat term structure model over estimates the 

delta risk of the equity tranche and under estimates the delta risk of the mezzanine 

tranches and the senior tranche. In the other hand, the adjusted implied copula 

approach reflects the relationship between CDO tranches and CDS index more 

precisely than the flat term structure model. Hence, we suggest that the adjusted 

implied copula approach should be used while hedging is considered. 

 

5.2 Sensitivity Analysis of Greeks for Dynamic Hedging 

 In this section, we vary the credit spread from its original value to a large one. 

The amount we vary is from 1 to 60 bps. We discuss how the deltas of implied copula 

approach are different from ones of the flat term structure model. Here, we also use 

Equation (26) and (27) to compute the deltas. The results are showed as Exhibit 13 to 

15 for the five tranches in the CDX. 

 

Exhibit 13 
Deltas of the Equity Tranche (0% to 3%) of 5-year CDX IG on June 8, 2007 
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 From Exhibit 13, it shows that the two delta curves of the equity tranche have 

similar shape but different values. The result shows that the adjusted implied copula 

method considers more situations, especially extreme default environment. Generally 

speaking, the equity tranche has lower premium as default environment is bad because 

we expect the portfolio to have a higher probability of a lot of defaults because of high 

default correlation; in other words, extreme situations do good to the equity tranche. As 

the adjusted implied copula method considers more extreme default environment, the 

impact cause by spread moving for a basis point is smaller than the flat term structure 

method.  

 

Exhibit 14 
Deltas of the Mezzanine Tranche (3% to 7%) of 5-year CDX IG on June 8, 2007 
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 From Exhibit 14, contrast to the equity tranche, the 3% to 7% mezzanine tranche 

has a higher delta as the adjusted implied copula is used. The result is just opposite to 

the equity tranche because the characteristic of the 3% to 7% mezzanine tranche is 

opposite to that of the equity tranche. Hence, the delta of the 3% to 7% mezzanine 

behaves differently from the delta of the equity tranche. 

 The same result goes to the 7% to 10%, 10% to 15% mezzanine tranches and the 

senior tranche as Exhibit 15 shows. The deltas in the adjusted implied copula method 

are all higher than in the flat term structure method for three tranches. The reason for 

the result is the same as we illustrate for the 3% to 7% mezzanine tranche.  
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Exhibit 15 
Deltas of the 7% to 10% Mezzanine Tranche and the Senior Tranche of 5-year 
CDX IG on June 8, 2007 
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 Consequently, the implied copula approach is more suitable for hedging. It has 

more precise deltas and better estimation for delta risk as considering extreme default 

environments. Thus, we suggest that using the adjusted implied copula approach to 

hedge is more appropriate than using the flat term structure model.  

 Furthermore, in this section, we discuss how the gammas are for CDO tranches. 

Gamma is the second-order risk measure. It represents the convexity biases of deltas, 

and should be adjusted if the credit spread of CDS index shifts more than several basis 

point. The Gamma is calculated by the Equation (28) in our study.  

Tranche

index

DeltaGamma
s

∂
=

∂
                       (28) 

:  the delta of the tranche
:  the CDS index spread 
Tranche

index

where
Delta
s

 

 Exhibit 16 shows the gamma of the equity tranche while Exhibit 17 shows the 

gammas of the 3% to 7% mezzanine tranche and the senior tranche of CDX IG on 

June 8, 2007. The gammas of 7% to 10% and 10% to 15% mezzanine tranche are 

likely to be between the 3% to 7% mezzanine and the senior tranche. 
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Exhibit 16 
Gammas of the Equity Tranche of 5-year CDX IG on June 8, 2007 
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Exhibit 17 
Gammas of the 3% to 7% Mezzanine and the Senior Tranche of 5-year CDX IG 
on June 8, 2007 
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 As Exhibit 16 and 17 show, gamma reduces the delta risk of the equity tranche, 

but increase the delta risk of the other four tranches. The absolute values of gammas in 

the adjusted implied copula are larger than those in the flat term structure method. This 

may indicate that we need more adjustment under the adjusted implied copula method 

for calculating the real delta risk. 

 Consequently, the deltas in the adjusted implied copula method needs to be 

adjusted more than those in the flat term structure. Furthermore, the deltas in the 

former method consider the extreme default environment. Thus, we suggest that the 

adjusted implied copula method should be better to fit the real-market delta risk.  
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5.3 Delta of One Single Name 

 In section 5.2, we have discussed how to hedge the systematic risk by the CDS 

index with the implied copula approach. However, hedging unsystematic risk is 

another task for us. Hedging unsystematic risk of each name is a very crucial issue 

when investing or issuing CDO tranches.  

 In this section, we construct a hedging approach by analyzing the characteristics 

of the delta of any single name. However, if we use every single CDS to hedge our 

CDO tranches, it will be costly. Hence, we classify the 125 names into 8 groups by 

their industries and average ratings.  

 The industries and average ratings of the 125 names of CDX IG on June 8, 2007, 

are as Exhibit 18.  

 

Exhibit 18  
The Number of Names by Industries and Average Ratings of the 125 Names for 
CDX IG on June 8, 2007 
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 In our study, we would like to find a CDS portfolio of some weight of the 8 

groups of the names to hedge the CDO tranches. In other words, we choose a name of 

each group to be the symbol of the group, where the choosing method is to be 

illustrated later in this section. After choosing the symbols of the 8 groups, we 

calculate their weights for hedging the CDO tranches and for the least cost we spend. 

In fact, our goal is to hedge the CDO tranches efficiently and also costlessly.  
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 Unfortunately, although the implied copula approach does great jobs when 

hedging the systematic risk, we can not find out the rules as only the credit spread of 

one single name shifts wider. Thus, we take the implied copula approach to be a great 

adjusted factor when we use the factor copula model to calculate the delta. Here, we 

have different credit spread of the CDSs of the 125 names, as Appendix 1 shows.  

 

5.3.1 The Nonhomogeneous Model 

With 125 different hazard rates, we take different hazard rates into the factor 

copula model when we construct the loss distribution with the probability bucketing 

approach. All  we need in the nonhomogeneous model for Equation (2) refer to 

Chow (2007). 

'ja s

The index price is below the average spread of the 125 CDSs, this shows the 

diversification of the risk of the portfolio of 125 CDSs. In the market, the basis of the 

CDS index spread, call index basis, is calculate as the DV01 (Dollar Value of 1 basis 

point) weighted average of CDS spreads of the underlying index names with equal 

maturity to the CDS index, which is 5 years in our study. However, the trading CDS 

index quote sometimes differs from the index basis because of the expected future 

default environment like the relationship between futures and stock index. 

In following sections, we use the nonhomogeneous model to calculate for the 

deltas of the five tranches. Furthermore, we construct hedging models through the 

nonhomogeneous model and the adjusted implied copula. 

 

5.3.2 Deltas of a Single Name in the Nonhomogeneous Model 

 In section 5.3.1, we discuss how the deltas are as all credit spread shift parallelly. 

In this section, we discuss the deltas as only one spread of any name is shifted in the 

nonhomogeneous model.  

 To classify the 125 names into 8 groups, we first calculate the delta as any one 

credit spread of a name is shifted wider for 25 bps. In our study, we would like to 
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develop a hedging approach by choosing a symbol of each group and use its CDS to 

hedge the unsystematic risk of CDO tranches. To do this, we need to examine the 

relationship between the CDS spreads and value of CDO tranches.  

 To examine the relationship between the CDS spreads and value of CDO 

tranches, as others being equal, we add 25 bps to one CDS spread each time when we 

use the changed CDS spread to compute the CDO tranche credit spreads for the five 

tranches of CDX IG on June 8, 2007. Exhibit 19 shows the relationship between the 

CDO equity tranche spreads and the credit spreads of the 125 names on June 8, 2007. 

Exhibit 20 shows the relationship between spreads of the other four tranches and the 

credit spreads of the 125 names on June 8, 2007. 

 

Exhibit 19 
Shift of Equity Tranche Spread as a Function of Credit Spread of CDSs Shifting 
for 25 bps for CDX IG Data on June 8, 2007 
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 From Exhibit 19, we conclude that as CDS spread gets larger for 25 bps, the 

CDSs with high credit spread affect the spread of the equity tranche more than the 

CDSs with lower credit spread. The reason why this is true is that the CDSs with 

higher credit spread more likely will default. Since the equity tranche is responsible 

for defaults happened first in five years, the defaults are most likely contributed by the 

high credit spread CDSs. In other words, CDSs with higher credit spreads are 

expected to default before CDSs with low credit spreads. Thus, we need to buy more 

CDSs with high credit spread for hedging the equity tranche. 
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Exhibit 20 
Shift of Spreads of the Other Four Tranches as a Function of Credit Spread of 
CDSs Shifting for 25 bps for CDX IG Data on June 8, 2007 
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 In contrast, as mezzanine tranches are considered to be hedged, its weight of 

CDSs should be determined case by case because every mezzanine tranche has 

different delta curve depending on its attachment and detachment points. From 

Exhibit 20, we can see that the deltas of credit spread shifting wider for 25 bps of a 

single name get smaller as original CDS spread is larger. Actually, this makes sense 

that the CDSs with higher credit spreads affect equity tranche much but affect 

mezzanine tranches and senior tranches less. 

 As the mezzanine tranches, when the senior tranche is needed to be hedged, the 

weight of CDSs with higher credit spread should be lower, and the weight of the 

CDSs with lower credit spread should be higher. This is contrary to the equity tranche 

since the senior tranche is responsible to defaults happened much later in five years. 

 Consequently, we use the result in this section to classify the 125 CDS names of 

the CDX IG into 8 groups. After classifying, we calculate the weights of CDSs we 

have to hold to hedge the CDO tranches. This is illustrated in the next section. 

 

5.4 Hedging Models 

 In this chapter, we develop two models to hedge CDO tranches and then 

compare the two models with hedging by equal-weighted CDS index.  

 We construct the hedging models in two ways. First, we construct a hedging 
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model with 8 CDS names chosen by the rules we mention in section 5.3. We then 

determine the non-equal weights of the 8 CDSs for each tranche by their deltas. 

Second, we classify the 125 CDS names into eight groups, and choose a CDS symbol 

of each group. In our study, we would like to construct a hedging model which is able 

to be used to hedge not only the systematic risk but also the unsystematic risk. 

 

5.4.1 The First Model for Hedging 

 In the first model, we choose 8 CDS names as the symbol of the collateral pool. 

The way to choose is classify the 125 names into 8 groups by the deltas. We first sort 

the deltas from small value to large value. Then, we divided all CDSs into 8 groups by 

8 ranges of deltas from minimum delta to the maximum delta.  

 

max min

min min

                     
  

[ ( 1) ,  ]i

Delta DeltaDelta
Number of Groups

Range Delta i Delta Delta i Delta

−
Δ =

= + − ×Δ + ×Δ
        (29) 

 

 Last, we choose the symbol of the group as the one whose delta is most close to 

the average delta of the group or the mid names of the group.  

 By the steps above, we choose the 8 symbols for the 8 groups as the symbol 

portfolio of the CDS index. In other words, we would like to replicate the CDS index 

in the first model as index’, which is 

 
8
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i
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 Therefore, we may have a cheaper way to hedge our CDO tranches. There may 

be other choosing methods to have cheaper hedging approach. However, the portfolio 

is efficient if we minimize  
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2( 'DD index index= − )                          (31) 

 Moreover, to examine if the CDS index is well replicated by index’, we calculate 

the delta of the five tranches for CDX IG data on June 8, 2007, to see if the delta of 

index’ is similar to CDS index. If the deltas are almost the same, we can say that we 

successfully replicate the CDS index by a cheaper portfolio, index’. We can also 

construct many different ways and choose a best one by the examination.  

 Choosing the symbol is crucial in the model. In our study, there are two ways to 

choose the symbol; first, we choose the CDS with the average delta in each group, 

and second, we choose the CDS with the medium delta in each group. Exhibit 21 

shows the result of the deltas and hedging costs of the CDS index and the index’. 

Different tranches have different characteristics of delta; here, we put our emphasis on 

the equity tranche. 

 

Exhibit 21 
Deltas and Hedging Costs of the Five Tranches for CDX Data of CDS Index, 
Index’ and CDSs 
The cost of CDS hedging is the CDS spreads time the delta of each single name, and then sum them up. 

Transaction cost is about 4*125 or 500 basis points. 

CDX IG 
Deltas / Hedging Cost (bps)  

Ave Spread 
0% to 3% 3% to 7% 7% to 10% 10% to 15% 15% to 30%

21 5.25 1.5 0.7 0.2 
Market 35.5 

745.50 186.38 53.25 24.85 7.10 

9.88 -- -- -- -- 
Index’ 70.7256 

698.63 -- -- -- -- 

-- -- -- -- -- 
CDS Hedging 38.5728 

745.67 414.46 88.31 35.53 8.90 

 

 From Exhibit 21, we find that if we want to hedge all systematic and 

unsystematic risks by buying each CDS according to its delta, the cost will be similar 

to that of buying the CDS index. However, the transaction cost is much higher for 

buying 125 CDSs than buying CDS index. If we divide the 125 CDS names into eight 
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groups, the cost is lower accompanying with lower hedging effect, and the transaction 

cost can be also lower than buying 125 CDSs. Hence, the unsystematic will not be 

fully hedged if we want to reduce the hedging cost.  

 Consequently, we can hedge the CDO tranches better by using CDSs, and the 

systematic and unsystematic risk is both hedged. If our goal is to hedge the 

unsystematic and systematic risk for a suitable ratio, α , where α  is between zero 

and one, the hedging cost can be limited. Our job is to determine the importance of 

full hedging relative to the hedging cost. 

 

5.4.2 The Second Model for Hedging 

 Like the idea in the first model, we also divided the 125 CDS names into 8 

groups by taking industry and credit rating into consideration in the second model. 

The groups are as Exhibit 22. Here, we construct the second hedging model like the 

first hedging model in 5.4.1. The only different is the way of grouping the 125 

underlying CDS. As section 5.3 mentioned, we classify the 125 CDS names into 8 

groups by their average credit rating and industries. We make this as Exhibit 22. 

 
Exhibit 22 
The Number of Companies in the Eight Groups of the 125 CDS Names of CDX 
IG on June 8, 2007 
 

 Industry 1 Industry 2 Industry 3 Industry 4

A class 16 (A1) 16 (A2) 22 (A3)  5 (A4) 

B class 26 (B1) 26 (B2)  3 (B3) 11 (B4) 

  

 As Exhibit 22 shows, A class and B class are classified by average credit rating 

so that A class includes AAA, AA and A where B class includes BBB, and BB. 

Industry 1 includes Consumer Cyclical and Consumer Stable, Industry 2 includes 

Communication, Industrial, and Material, Industry 3 includes Financial and 

Government, and Industry 4 includes Energy, Utilities and Others. 

 In section 5.3.2, we have noticed the importance to classify the 125 CDS names 

by their credit spreads. However, in practice, we use average credit rating to be a 
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substitution for credit spread since the two parameters are great positive related. 

Moreover, credit spread movement is not easy to be measured; on the other hand, 

credit rating changed can be anticipated with Credit Metrics by JP Morgan. Therefore, 

we suggest that credit rating is a great choice of substitutions for credit spread. Again, 

we put our emphasis on the equity tranche. 

  

Exhibit 23 
Deltas and Hedging Costs of the Five Tranches of CDS Index and Index’’ for 
CDX Data on June 8, 2007 
The transaction cost of Index’’ is about 4*125 or 500 basis points. 

CDX IG 
 Examination Deltas / Hedging Cost (bps) 

 Ave Spread 0% to 3% 3% to 7% 7% to 10% 10% to 15% 15% to 30%

21 5.25 1.5 0.7 0.2 
Market 35.5 

745.50 186.38 53.25 24.85 7.10 

14.49 -- -- -- -- 
Index’’ (Mean) 33.7625 

489.36 -- -- -- -- 

13.39 -- -- -- -- 
Index’’ (Medium) 29.15 

390.38 -- -- -- -- 

  

 From Exhibit 23, we find that the systematic and unsystematic risk can be 

hedged with cheaper portfolio (the transaction cost is not included) we construct here. 

Index’’ with choosing the medium of each group as the symbol is a cheaper portfolio 

for hedging the equity tranche than using the CDS index. Moreover, the overhedged 

problem of using the CDS index is solve by taking the wasting cost of the overhedged 

part into the underhedged part. Consequently, we suggest that the second hedging 

model is a better model than the one hedging by CDS index. 

 In order to examine the hedging effect for the unsystematic risk, we make eight 

scenarios. We increase 25 basis points to every CDS in one group each time, i.e., we 

add 25 basis points to the 16 CDS names in A1 for the first time, and to the 16 CDS 

names in A2 for the second time and continue to do this. We measure the value 

changed of the equity tranche, the index’’ with two kinds of symbol choosing, and the 

CDS index for the eight times. Exhibit 24 shows the comparison of the hedging effect. 
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Exhibit 24 
Comparison of the Hedging Effect for the Equity Tranche of the Second Hedging 
Model with that of the General Model Using CDS Index 
 

ΔValue * Delta A1 A2 A3 A4 B1 B2 B3 B4 

Equity Tranche -0.0115 -0.0184 -0.0184 -0.0054 -0.0265 -0.0195 -0.0020 -0.0097

Index’’(Mean) 0.0117 0.0129 0.0167 0.0032 0.0345 0.0315 0.0035 0.0105

Index’’(Medium) 0.0104 0.0116 0.0147 0.0032 0.0381 0.0252 0.0035 0.0084

CDS Index 0.0233 0.0245 0.0245 0.0078 0.0420 0.0377 0.0044 0.0170

  

 From Exhibit 24, we conclude that the hedging method with the closest value 

changed to the value changed of the equity tranche is the Index’’ (Mean). In eight 

times of examinations, the Index’’ (Mean) has closest value for seven times. Although 

the hedging cost of Index’’ (Mean) is higher than the Index’’ (Medium), the Index’’ 

(Mean) has better hedging effect. Moreover, no matter how the symbol is chosen, our 

second hedging model is better than the model using CDS index to hedge. The model 

using CDS index can be used to hedge the systematic risk, but for unsystematic risk, 

there is a problem of overhedging. Thus, we suggest that there is a better hedging 

model using CDSs, and the weight of each CDS can be determined in many different 

ways depending on what kind of tranche we need to hedge. 

 In this chapter, we construct two hedging models. The first hedging model 

considers the delta curve of tranches, and the second hedging model considers 

industries and credit ratings of companies. These two model both have higher hedging 

cost (include transaction cost), but we have proved that the second hedging model is 

more suitable to hedge the unsystematic risk than using the CDS index to hedge. 
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