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Abstract  

In today’s regulatory environment, banks must set aside capital and adjust their booked asset value in 

accordance with their counterparty credit risk in order to comply with regulatory requirements. This 

has encouraged banks to actively hedge this risk to decrease exposure and thereby gain capital relief. 

Further, as a consequence of regulatory actions, banks are increasingly considering how costs 

associated with credit-value-adjustments (CVA) may be minimized. Such measures commonly involve 

mitigating counterparty risk by e.g. hedging the exposure. Banks have also begun to manage CVA on 

trade level, by allocating CVA of new trades to the dealers’ books. This is the so-called incremental CVA, 

which depends on how the value of a new trade correlates with the existing portfolio. Nowadays, 

international banks have started to link incremental CVA with the performance-based compensation for 

their dealers, with the intention to align the interests of the bank and their dealers more accurately.  

The objective of this thesis is to study the composition of CVA and analyze its dynamics associated with 

new transactions entering a netting set via incremental CVA calculations. The results of the numerical 

analysis highlight that the incremental CVA of trades depends on its interplay with existing trades. Those 

findings demonstrate that the incremental CVA for a transaction can be different for different banks 

depending on their existing portfolio. Furthermore, the importance of credit quality in over-the-counter 

(OTC) transactions is manifested as two counterparties of different credit quality are benchmarked 

together. 
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1 Introduction 

Billions of civilians around the globe were hit hard by the severe crash of global financial markets in the 

global financial crisis (GFC) in 2007-2008. The crisis acted as a painful warning signal, highlighting that 

policies and standard practices in financial markets were inadequate. Prior to the events, triple-A rated 

entities, global financial institutions and sovereigns had been considered default-risk-free (Gregory, 

2012). This assumption is what is commonly known as the “too-big-to-fail” concept. The idea was that 

global financial institutions could not fail. However, with the fall of Lehman brothers in 2008, Bank of 

America rescuing Merrill Lynch, Bear Sterns being rescued by JP Morgan and AIG receiving 85 billion 

USD loan from the US government, the industry realized that the too-big-to-fail assumption did not hold 

(Cunliffe, 2016). Furthermore, the downgrading of government debt in Euro countries such as Greece, 

Portugal, Ireland and Spain led to the same realization for sovereigns. Counterparty risk towards these 

and similar entities had been considered extremely low and the events demonstrated that a risk-free 

rate was a weak assumption. The fact that sovereigns were generally not required to post collateral 

prior the crisis reflects the trust in those entities at the time (Gregory, 2012). 

The Basel II regulatory framework, which was launched prior to the crisis, did address the risk of 

counterparty default within OTC derivatives markets. However, it did not account for mark-to-market1 

(MtM) losses due to decreased fair values of portfolios. This turned out to be a great loophole in the 

regulatory framework as the counterparty risk damage suffered during the crisis was to a large extent 

caused by MtM losses (BIS, 2011). 

Counterparty credit risk, also known as counterparty risk, which previously was hidden by bogus credit 

ratings, collateral and legal assumptions prior the GFC got an increased focus from regulators when the 

crisis hit. CVA, the MtM value of counterparty risk, went from a rarely applied term to an industry 

buzzword and banks charging clients for CVA became a standard following the introduction of Basel III 

in 2010 (BIS, 2019) (Gregory, 2012).  

The consequences of the GFC, which were partly caused by inadequate counterparty risk management 

leading to defaults and great MtM losses, landed to a large extent on the shoulders of taxpayers. The 

taxpayers suffered from a severe economic recession following the crisis, as well as higher taxes to 

finance bailouts of financial institutions. Citizens lost their homes, jobs and savings (Ferguson, 2010). 

Consequently, serious political instability presented itself, shaping the political scene in many countries. 

                                                             
1 Mark-to-market is a fair value measure reflecting the current market value of the asset/liability in scope. 
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Driven by increased unemployment, the trust on politicians has fallen in Europe parallel with a rise of 

populism (Algan, Guriev, Papaioannou, & Passari, 2017).  

In recent years, financial institutions and banks, have completely transformed the way they handle 

counterparty risk. This development has to a large extend been driven by regulators. It is now a standard 

practice to conduct fair valuations on OTC derivatives portfolios via value adjustments, accounting for 

factors like counterparty risk. Regulators have increased the requirements they put on participants in 

financial markets, by imposing tightened requirements on for example, reporting to authorities and 

capital requirements (Gregory, 2012).  

1.1 Research Question 

The objective of this thesis is to analyze CVA associated with OTC derivatives transactions and how the 

incremental exposure from new trades affects the total CVA for a netting set2. Since different exposure 

correlations may lead to different incremental CVA results, the counterparty risk associated with new 

deals cannot simply be added together. To reach the thesis objectives, the components of CVA as well as 

methods for quantifying them will be presented and compared. To get an understanding of the impact 

of CVA on banks, the regulatory background will be discussed to explain, considering how capital 

requirements and accounting standards have driven banks towards managing their counterparty risk 

more effectively in order to free up capital.  

The core of the thesis, the  

Quantitative analysis in chapter 5, will present CVA calculations for two counterparties and assess how 

different credit qualities lead to different default probabilities and thereby different CVA figures. 

Furthermore, the exposure profiles of three trades will be assessed, and the incremental exposure of 

new trades being added to a netting set will be examined.  

The research question of the thesis is:  

• How is the CVA of a trade composed and how does it interplay with existing trades? 

To be able to answer the research question the following questions will furthermore be addressed: 

o Why do banks apply CVA? 

o How are the components of CVA quantified? 

o How does the credit quality of counterparties affect CVA? 

                                                             
2 A netting set is a set of trades for which the exposure may be netted together 
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o How do existing trades affect the incremental CVA associated with new trades? 

1.2 Methodology 

To answer the research questions the author will describe counterparty risk, its components and main 

related topics both from an intuitive, mathematical and regulatory perspective. A CVA model will be 

presented and applied for three interest rate swaps in order to examine CVA and its dynamic 

development by setting up a sequence of the three trades and assessing how they contribute 

incrementally to the total netted CVA. These analyses will be based on a case study approach providing 

in-depth insights to the properties and dynamics of CVA.  

To facilitate the case study, a CVA model was established and applied. The model was built under 

inspiration of Gregory (2012) and Vasicek (1977). Additionally, the author received valuable inputs to 

the modelling process from former colleagues, derivatives valuation experts from Nordea Banks CVA 

valuation team. The model input was a combination of secondary market data retrieved from Bloomberg 

(2019) and The Federal Reserve Bank of St. Louis (2019) and hypothetical inputs for the trades 

characteristics. Furthermore, secondary non-numerical data was used from books, reports, websites 

and other papers. The most important source of the thesis was Counterparty Credit Risk and Credit 

Valuation Adjustment by Jon Gregory (2012). 

1.3 Delimitations 

For complex financial modelling such as CVA modelling, choosing the level of compromise between 

simplicity and operational convenience versus accuracy of results is a constant concern. The 

possibilities of improving the sophistication of a CVA model are endless. The author tried to find a 

balance between operational efficiency and accuracy of results, so the model applied would serve the 

purpose of the thesis adequately. In this section, some aspects related to CVA which are not included in 

the analysis, simplifying assumptions and uncovered topics will be discussed briefly. 

CVA is generally bilateral as exposure can turn negative and positive. When calculating unilateral CVA, 

a bank would only consider the counterparties credit risk towards the bank, and thereby assume that 

the bank is default risk free, or that the counterparty is not facing risk of the bank defaulting. This 

unilateral assumption will be applied for practical purposes in this thesis as it simplifies the calculations. 

For bilateral calculations, the counterparty’s credit risk towards the bank is taken into consideration. 

Thus, the bilateral CVA is a more accurate valuation of fair value. Ignoring this nature of CVA should not 
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compromise the results of the analysis as the dynamics and effects should not be shifted by assuming 

unilaterality.  

The neglecting of the bilateral profile of counterparty risk in the applied CVA model means that the bank 

itself is risk-free and thereby not subject to default risk. According to accounting standards, banks are 

allowed to adjust the valuation adjustment for the probability of their own default. This introduces the 

opposite of CVA; the debt-value-adjustment (DVA). This valuation adjustment will not be included in the 

CVA model. As the goal of the analysis is to answer questions on CVA only, the neglecting of DVA is easily 

justifiable. However, DVA will be briefly discussed in section 3.3.4.  

The CVA model applied in the analysis section assumes the strict assumption of independence between 

the exposure and the probability of the counterparty default. This assumption is not always justifiable, 

but arguably it can be justified for the products and counterparties in scope for this thesis. Modelling 

this correlation is a challenging task which even some global banks have yet to incorporate into their 

models. Under some circumstances, the scenario that when exposure is high, the probability of the 

counterparty defaulting is also high, may present itself. This problem is commonly referred to as wrong-

way-risk3 and it is particularly common for credit derivatives. This correlation is a toxic cocktail for 

banks as it can lead to underestimated counterparty risk if it is not modelled. However, for the interest 

rate swaps products analyzed in this thesis, this should not be a great concern as the interest rates and 

the survival of the companies in scope should not be strongly correlated.  

CVA calculations presented in this thesis do not account for collateral posted between market 

participants. This is not a very realistic assumption as the hypothetical transactions in the analysis are 

between two banks, which would likely be subject to an ISDA master agreement4. However, 

collateralization will be discussed in section 3.2 providing a brief description of how collateral is applied 

as counterparty risk mitigate in practice.  

The underlying asset for all three trades in the calculations will be the 3-month USD London Interbank 

Offered Rate (LIBOR)5 rates. The rates will be applied as an underlying asset for the trades as well as for 

simulation of a discount curve. Hence, the same interest rate will be modelled as an underlying asset as 

well as a risk-free rate. This simplifies the numerical analysis without affecting the results dramatically. 

Applying LIBOR as an underlying asset and a risk free rate is not an unrealistic example as the LIBOR 

                                                             
3 Wrong-way-risk arises when the credit exposure for a given counterparty is negatively correlated to the 
counterparty's credit quality. 
4 An ISDA master agreement is a master service agreement for OTC derivatives transactions published by the 
International Swaps and Derivatives Association. ISDA master agreements govern the method of transferring 
collateral.  
5 The London Interbank Office Rate (LIBOR) is the rate at which AA rated banks can borrow from one another.  
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rate is commonly applied as an underlying asset for OTC derivatives and also as a risk-free rate (Hull, 

2012).  

1.4 Structure of thesis 

To address the research question and its sub questions, this thesis will provide a review of counterparty 

risk, its components and value adjustment; CVA. Different product types and properties of derivatives 

will be explored in chapter 2 as well as information asymmetries and regulatory framework associated 

with the derivatives market.  

Chapter 3 will be devoted to exploring and discussing counterparty risk. Firstly, the market risk 

component of counterparty risk, credit exposure, will be discussed. Different approaches for quantifying 

credit exposure will be explored and compared, providing an overview of how credit exposure can be 

estimated. The Monte Carlo simulation approach will be given special attention as it will be applied for 

exposure estimations in the CVA model presented in chapter 5. Secondly, the credit risk components, 

the probability of counterparty default, as well as the recovery will be discussed. The former one, default 

likelihood, will be explored more extensively than the latter one, as modelling it is associated with more 

sophisticated methods worth discussing while the latter is commonly assumed to be fixed (Gregory, 

2012). Thirdly, important mitigates of counterparty risk will be discussed, providing an intuitive insight 

for interpreting the results of the analysis presented later in the thesis. Additionally, mitigates which are 

not included in the analysis, such as collateralization and hedging, will be discussed as these are 

important subjects for understanding how counterparty risk is dealt with in the financial industry. 

Finally, CVA will be derived and discussed, providing mathematical and intuitive descriptions of the 

topic. After formally deriving CVA mathematically, different purposes for applying CVA calculations will 

be discussed, including incremental CVA.  

In chapter 4, interest rate swaps and their underlying asset, interest rates, will be explored. Interest rate 

swaps are given special attention in this thesis as they will serve as inputs for the CVA model. In section 

4.2, these products and how they are valued will be discussed. In section 4.3, interest rate modelling will 

be explored. Firstly, modelling and predicting the development of interest rates will be discussed. 

Secondly, the Vasicek one factor model will be discussed and derived. The Vasicek model will be applied 

for exposure estimation and discount factor simulations in the quantitative analysis in chapter 5. 

The CVA calculations aimed to provide evidence for answering the research questions will be presented 

in chapter 5. Calculations of CVA for different counterparties with different credit quality will be 

presented serving as evidence for how credit worthiness affects CVA. Furthermore, sequential CVA 
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calculations will be presented were trades are added one by one into a netting set such that the 

incremental CVA can be analyzed.  

Finally, the results from the analysis and their implications towards the research questions will be 

discussed in chapter 6. Furthermore, potential points of further research will be proposed, and the 

conclusion of the thesis will be summarized in chapter 7. 
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2 Background: Derivatives and Regulative Environment 

In this chapter, a core topic in this thesis, derivatives, will be discussed. The distinction between OTC 

and exchange traded derivatives will be explained along with an introduction of some of the main 

derivatives product types. Following the discussion of the nature and characteristics of derivatives, the 

risks associated with these products are discussed. To approach the risk types from their roots, 

asymmetric information in the derivatives market will be explained and the threats arising from 

asymmetries will be put in context by taking examples of specific product types. Having highlighted the 

risks associated with derivatives, the regulatory framework intended to address those risks will be 

described. Accounting standards for fair valuation via valuation adjustments is reviewed as well as the 

Basel accords and their importance and implications.  

2.1 Derivatives 

Derivatives are financial contracts which value is derived from the performance of an underlying 

variable. These agreements usually involve obligations to make payments or to buy or sell an underlying 

contract at a time or times in the future. The horizon of such contracts can range from days up to multiple 

years. As derivatives are extremely flexible products, their value can depend on almost any variable. The 

underlying variables can be anything from oil market prices to the amount of rain falling in a farming 

field (Hull, 2012). However, usually the underlying asset, often referred to as “the underlying”, is a 

traded asset, index, exchange rate or interest rate.  

Typically, derivatives executions involve relatively low cash payments with respect to the notional value 

of the contract meaning that these transactions commonly involve great leverage. A core divergence 

between derivatives and other financial instruments is the separation of ownership and exposure. It 

enables an investor who expects a stock to outperform to set up long position on that stock without 

acquiring any shares (Hull, 2012). Without derivatives, the investor would be constrained by his ability 

to raise cash to buy the stock. However, by entering into an OTC derivatives agreement with a bank, he 

could take the long position without making any initial investment (Pykhtin & Rosen, 2009). Critics may 

say that the severe damage caused by derivatives in the past justify outlawing these products despite 

their great advantages. However, there seems to be a consensus within the industry that instead of 

banning them, they should be used with caution and regulated with care and pessimism (Gregory, 2010). 

The purpose of taking on the exposure associated with a derivative is primarily either for hedging 

purposes or speculation investing (Hull, 2012). By hedging via a derivative contract, the risk faced by 

the underlying can be reduced by limiting the uncertainty for future cash flows. For example, airlines 
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might want to decrease uncertainty for oil purchasing prices a couple of months into the future and 

could do so by buying oil futures from a dealer, and thereby decrease the uncertainty for its future 

payments. Using derivatives for speculation basically means placing a financial bet on the performance 

of the underlying. Note that these two purposes for the use of derivatives affect the risk of the economy 

very differently. Hedging via derivatives is effectively a risk management measure which limits 

uncertainty for example in firms’ budgets. On the contrary, speculation investing via derivatives is a 

risky bet with associated up and downside for the agreement parties. 

As derivatives carry risk, they have been labelled as “financial weapons of mass destruction”, having 

shown capabilities to create significant disturbances (Gregory, 2010). The role of derivatives in the GFC 

which led to the worst recession for many decades, acted as a red flag indicating that market practice 

and regulatory frameworks needed to be transformed. At a summit in 2009, the G-20 leaders agreed on 

the following statement (2016): 

“All standardized OTC derivative contracts should be traded on exchanges or electronic trading 

platforms, where appropriate, and cleared through central counterparties.” 

During the last two decades, the derivatives market has grown significantly, driving more efficiency in 

global financial markets as effective and flexible financial instruments (Gregory, 2010). The value of the 

market is much bigger than the stock market measured in terms of notional underlying assets (Hull, 

2012). As seen in Figure 1, the market grew substantially during the upswing from 2002-2007 but has 

since then remained rather stable in terms of notional amounts outstanding.  

  

Figure 1: The size of the OTC market in trillion USD   

Source: (BIS, 2019) 



17 

2.1.1 Derivatives products 

In this section, the most common types of derivatives will be described. As derivatives are flexible 

customized contracts, the variety of products is broad. The most common product types are: 

1. Forwards 

A forward is a contract for which an exchange of payments takes place at a pre-determined date and 

price. Forwards are locked such that both participants are bound to execute the deal at the agreed date. 

This means that both parties get bilaterally exposed to the underlying (Hull, 2012). The one that agrees 

to sell (short position) the asset will benefit if the underlying performs below expectations. On the other 

hand, the one agreeing to buy (long position) will make a profit if the asset performs above expectations.  

Forward contracts are commonly used for foreign exchange (FX) trading and hedging. For example; a 

corporate European client expecting to receive a payment in dollars in one year may (given the size and 

importance of transaction) decide to enter into a FX forward agreement with a financial institution to 

hedge against currency fluctuations and agree to buy EUR for USD in one year. In this transaction, the 

forward rate would be agreed upon and both parties commit to buy and sell EUR for USD at the pre-

determined rate in one year. Depending on the EUR/USD FX rate, the deals payoff can turn both negative 

and positive for both parties as illustrated in Figure 2. 

 

Figure 2: Forward payoff profiles  

Source: (Hull, 2012, p. 6) 

As the figure above demonstrates, forwards are rather simple instruments resulting with simple payoff 

profiles. In Figure 2, K is the agreed delivery price, 𝑆𝑇 is the price of the underlying asset at time of 
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maturity and the payoff is simply the difference between the two times the notional value of the contract. 

In the example, K would be the agreed EUR/USD rate, and S would be the actual FX rate. The payoff 

profile of the client would be the one on the left (long position) and the banks payoff off would be the 

one on the right (short position).  

2. Futures 

Similar but not to be confused with forwards, futures are contracts where both parties agree to either 

buy or sell the underlying on a determined date in the future for a price determined today. However, 

futures are standardized contracts written by a central clearing party6 (CCP) and traded on public 

exchanges. Hence, the difference between a forward and a future is that the former product is an OTC 

product and the latter is exchange traded. The distinction between OTC and exchange traded will be 

discussed in more detail in section 2.1.2.  

Futures are popular for trading off commodities e.g. sugar, wool, lumber, copper, aluminum, gold and 

also financial assets such as stock indices, currencies and bonds (Hull, 2012). As futures are publicly 

traded, their value simply depends on supply and demand on the exchange. 

3. Options 

Options can be both over the counter and exchange traded. An option to buy an asset is called a call 

option, while an option to sell is called a put option. For the one holding the right to exercise an option, 

a call option would indicate a long position for the underlying asset and the put option a short position. 

Unlike forwards and futures, options offer the right but not the obligation to sell or buy an asset at a 

predetermined exercise price in the future. The party selling the option, typically a bank, is obligated to 

perform the transaction if the option holder decides to exercise his right to do so. Hence, the seller of 

the option faces the downside risk while the buyer gets the upside potential. In order to make this a fair 

deal, the buyer pays the seller a premium for taking that risk (Hull, 2012).  

The price of the option, commonly referred to as the strike price, is the price which the one holding the 

right to exercise a call/put is able buy/sell at. Options have an agreed expiration date, meaning that the 

option cannot be exercised after that date.  

                                                             
6 A central clearing party, also known as a central clearing house, is a financial institution which takes on the 
counterparty risk of both sides of a transaction and provides clearing and settlement services.  
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Options are commonly grouped into either European options or American options. European options 

include the right to exercise the option at the date of maturity while American options include the right 

to exercise the option from the settlement date until the date of maturity.  

Consider a corporate European client of an international bank who is expecting a cash flow of USD in 

one year. The client wants to reduce uncertainty around this cash flow as he is sensitive to how many 

euros he gets out of his dollar cash flow. He might however not be willing to take the downside risk 

associated with the forward associated with the locked obligation to buy EUR for USD at the pre-

determined rate. The client could instead consider buying a call option to buy EUR for USD in one years’ 

time. By doing this, he limits his downside exposure while keeping the upside exposure to a large extent. 

However, the client must pay the premium to compensate the bank for taking the downside risk. A 

payoff profile for such a transaction for the client is illustrated in Figure 3.  

 

Figure 3: EUR/USD Call payoff 

Source: Own creation 

In the figure above, the strike price is equal to the EUR/USD rate at the settlement date which is assumed 

to be 0,885, the premium paid by the client is assumed to be 0,05 resulting with a -0,05 payoff for all 

scenarios where the underlying price is below the strike price.  

4. Swaps 

From the first swap contracts negotiated in the early 1980’s, the popularity of the product has grown 

significantly. Swaps are contracts between two parties which agree to exchange cash flows on or before 

a pre-determined date in the future based on the value of an underlying asset. For swaps, the underlying 
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asset can be FX rates, interest rates, commodities, stocks, bonds or other assets (Hull, 2012). The most 

popular of those products are the ones subject to interest rates as underlying assets.  

Other derivatives often involve a single exchange of payments during or at the end of the contract period. 

Swaps on the other hand usually include multiple payments taking place throughout the horizon of the 

trade. Usually both legs of a swap are subject to the same notional principal amount. The notional is only 

applied as a base for determining the swap payments but is not actually exchanged.  

Swaps subject to interest rates as an underlying asset are commonly referred to as interest rate swaps 

(IRS). For calculation purposes in this thesis, IRS will be applied as the products in scope. Therefore, a 

more thorough description of the valuation and properties of IRS will be presented in section 4.2.  

5. Credit derivatives 

Introduced in the early 1990’s, credit derivatives grew substantially until the GFC. In 2000, the notional 

outstanding value of credit derivatives was around 800 billion USD. Less than a decade later, it had 

reached 32 trillion USD in December 2009 (Hull, 2012).  

Credit derivatives are derivatives for which the underlying asset is the credit worthiness of an entity or 

multiple entities. In the case of a single underlying entity, the product is called a “single-name” product, 

while contracts subject to multiple underlying entities are commonly referred to as “multi-name” 

products. Credit derivatives enable market participants to trade credit risk such that exposure can be 

managed and hedged. For banks, which are by nature exposed to credit risk from their clients, buying 

protection via credit derivatives is an effective risk management tool. Therefore, banks have historically 

been the biggest buyers of credit derivative while insurance companies have been the biggest sellers 

(Hull, 2012).  

The most popular amongst credit derivatives is the credit default swap (CDS). CDSs are single-name 

credit derivatives which provide insurance against the risk of default by the underlying entity commonly 

referred to as the reference entity (Hull, 2012). The contractual obligation involved in a CDS can be 

described as follows: the buyer of the CDS has the right to sell bonds issued by the underlying entity at 

face value in case of the entities default while the seller is obligated to buy the bonds for that value 

(O'Kane, 2008).  

CDSs played a critical role in the GFC. The fall of AIG, the American insurance company, was blamed on 

companies’ aggressive CDS dealings in the years before the GFC. AIG sold CDSs for tens of billions of 

dollars while not posting any collateral nor hedging their exposure associated with the dealings. AIG had 

an AAA rating when the transactions were negotiated and was therefore not required to post collateral 
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to its counterparties. (Greenberg & Cunningham, 2013). In 2008, AIG was bailed out by the US 

government for 85 billion USD. Some of the regulatory reforms, like mandatory collateralization of 

nonstandard OTC derivatives contracts, were introduced after the GFC aimed to prevent events like the 

AIG bailout from reoccurring (Hull, 2012). 

2.1.2 Over the counter and exchange-traded markets 

The derivatives market can be divided into OTC and exchange traded OTC derivatives which will be the 

primary focus of this thesis, are privately agreed contracts between two market participants without an 

intermediary. The OTC part of the market is much larger than the exchange traded part measured in 

total volume of trading (Hull, 2012). As the name indicates, the trades are agreed on through the 

telephone or computer-linked systems directly between market participants. Most often the parties to 

a deal are either both financial institutions or one financial institution and its client. In the latter case, 

the financial institution acts as a market maker for their client. This setup facilitates the great flexibility 

of derivatives as financial instruments. As OTC derivatives are agreed on over the phone, they can be 

customized to fit the needs of the agreement parties. However, the OTC setup also introduces the risk of 

losses associated with counterparty defaulting and not meeting its obligations.  

The exchange derivatives market allows market participants to trade standardized contracts pre-

defined by the exchange. As the contracts have been written beforehand, these products do not have the 

same flexibility as the OTC traded ones. For products on exchanges the underlying is usually foreign 

currencies, futures, stocks and stock indices (Hull, 2012). Unlike the OTC market, the exchange traded 

market is not subject to counterparty risk and will therefore not be explored further in this thesis.  

2.1.3 The global financial crisis and the need for value adjustments 

Following the GFC, the derivatives market was to some extent blamed for the severe crash of the global 

economy (Hull, 2018). Subsequently, when regulators attempted to strengthen the financial systems 

regulatory framework, the derivatives market was given special attention. The outcome were three 

major changes affecting the OTC derivatives market: 

1. All standardized OTC derivatives should be cleared through central clearing houses. The aim with this 

change is to reduce systematic risk by reducing banks derivatives credit exposure towards each other.  

2. Standardized OTC derivatives should be traded on electronic platforms to improve the transparency of 

the market. These systems are called swap execution facilities in the USA and organized trading facilities 

in the EU. Once standardized products have been traded on these platforms, they are automatically 

passed on to a CCP.  
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3. All trades should be reported to a central trade repository. This requirement is aimed at providing 

regulators with a more transparent stream of information on the risks being taken in the market. This 

requirement has been viewed as a response to the AIG event7, when the insurance company asked to be 

bailed-out after its subsidiaries had taken substantial risks in the OTC market without the regulators 

being informed (Hull, 2018). 

2.2 Derivatives and asymmetric information 

In this section, information asymmetries and how they affect the OTC derivatives market will be 

discussed. Firstly, the main problems associated with asymmetric information such as moral hazard and 

adverse selection will be explored. Secondly, the principal-agent dilemma will be discussed and put in 

context with the relationship between a bank and its trading staff.  

2.2.1 Information asymmetries between market participants 

Information in a financial contract is considered asymmetric when one party has greater material 

knowledge than its counterparty. The presence of such asymmetries can lead to problems such as 

adverse selection and moral hazard. For markets and sectors of great complexity, like the financial 

sector, asymmetric information in transactions is considered more likely to occur as it is more difficult 

to understand and/or obtain material information. For OTC derivatives, the information advantage and 

its corresponding cost gets greater as the instrument gets more complex (Pirrojng, 2009). Hence, 

transactions subject to a lack of transparency and/or great complexity are more likely to be subject to 

information asymmetries.  

Adverse selection refers to a situation in which a seller has greater material information than the buyer, 

or vice versa. This can lead to deals being accepted which would not be accepted if both parties were 

equally informed. Because of adverse selection problems, overall prices are likely to be higher as firms 

insure themselves against the cost of adverse selection (Bolton & Dewatripont, 2005). On the OTC 

derivatives market, a party with high credit quality may not want to enter into derivatives transactions 

due to a high CVA charge, leading to a missing market. On the other hand, a company with a high default 

probability, which is unknown to a dealer, might be more willing to enter into transactions with the 

dealer as the CVA charge does not fully reflect the counterparty risk associated with the deal. To address 

these issues, banks spend a lot of resources on credit evaluations of their counterparts. However, since 

most counterparties in OTC transactions do not have a traded credit default swap (CDS), the banks are 

                                                             
7 The AIG event refers to when the insurance company ran into a liquidity crisis and was bailed out by the US 
government in 2008.  
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forced to make a lot of assumptions when it comes to creditworthiness of its counterparties (Gregory, 

2012).  

Moral hazard may arise when a transaction has been processed and one party has information which 

the other does not have e.g. behavior and additional transactions entered by the firm. The firm might 

not be fully exposed to the risk of its own actions as the other party will incur a cost in case of a failure 

e.g. default (Mishkin & Eakins, 2009).   

Most OTC derivatives are dependent on interest rates, equities, exchange rates, commodities etc. These 

underlying assets offer transparency as they are publicly traded and are therefore not likely to be 

subject to information asymmetries. Credit default swaps are however fundamentally different from 

other OTC products for this matter. The value of a CDS depends on the probability of default by the 

underlying entity and some market participants may have grater material information about the entities 

default probability than others. For example, a bank working closely with a company as an advisor, 

creditor or stock underwriter, is likely to be better informed about that companies’ credit quality than 

other market participants. This problems makes the CDS market specially affected by information 

asymmetries which has led practitioners fearing that it might hinder further expansion of the CDS 

market going forward (Hull, 2012). 

2.2.2 The agency-dilemma 

When a person or entity (the principal) hires or agrees with another person or entity (the agent) to take 

actions and make decisions on behalf of the principal, the so-called agency-dilemma, also known as the 

principal-agent problem, can arise. This dilemma is an example of moral hazard where the agent has 

been granted a certain authority to make decisions and actions on behalf of the principal, while the 

principal is the one primarily taking the responsibility for the actions of the agent. The dilemma is 

present in circumstances where the interests of the agent are not fully aligned with the interests of the 

principal, leading to a moral-hazard problem. A key element in this dilemma is that the principal has 

less material information about the actions of the agent. This leads to the principal not being able to 

ensure that the agent acts according to his interests. This problem gets particularly bad in cases where 

the interests of the agent are costly for the principal. The difference between the interests of the agent 

and principal leads to what is commonly referred to as agency costs (Bebchuk & Fried, 2004).  

To react to agency costs, principals use various measures aimed to limit them. Most commonly, these 

measures include aligning the compensation for the agent with measures attached to the interests of the 

principal. Such performance indictors could for example be profit, sales figures, number of operational 

accidents or other performance indicators of importance to the principal. By establishing an incentive 



24 

based bonus system linked to performance indicators, the interests of the agent and the principal are 

likely to be better aligned (Bebchuk & Fried, 2004). 

In the case of a bank and its dealer, the dealer has the authority to enter into transactions on behalf of 

the bank, while the dealer is not, or to a small extent, personally exposed to the risks associated with the 

deal. A bank is likely to want to set up a compensation scheme such that a dealer is incentivized to 

generate as much profit as possible. However, designing such frameworks can be complicated as too 

much aggressiveness by the dealer might also be a concern from a risk management perspective. Thus, 

setting up a solid and prudent compensation scheme that aligns the interests of both the agent and 

principal can be a challenging task.  

2.3 Regulation 

In this section, the regulatory landscape for the OTC derivatives market is described including its 

evolution through the past decades. Further, accounting standards governing fair valuation principles 

and capital requirements subject to counterparty risk will be explored.   

The GFC has already been mentioned a few times in the thesis as it certainly shaped the environment of 

the OTC market dramatically. After the crisis, politicians and regulators faced a substantial amount of 

pressure from the public urging them to react and prevent such disastrous events from reoccurring. In 

Iceland, which was badly hit by the crisis, a special prosecutor was established by the government solely 

to investigate potential illegal misconduct within the Icelandic banks during the years before the crisis 

(Johnsen, 2014). In most other countries however, government reaction was mainly in terms of heavily 

increased regulation.  

The increased regulation has led to a transformation of the regulatory environment of the financial 

industry on a global scale. Rules have been introduced and improved, aiming for greater stability and 

robustness of the financial system and preventing it from causing severe consequences such as those 

suffered by the GFC. The spotlight of regulators was specially directed towards the OTC market after the 

crisis as many argued that risky OTC products and associated leverage had been a root cause of the crash 

of the financial markets according to the Financial Stability Board (2016). In the upcoming sections, this 

transformation will be reviewed in more detail. 

2.3.1 Accounting standards 

The International Account Standards Board (IASB) operates under the International Financial 

Accounting Standards Foundation (IFRS) as its standard-setting board. The IFRS standards are aimed 
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to be globally accepted financial reporting standards requiring quality, transparency and international 

standardization of financial statements (IFRS, 2019). The standards provide international guidance 

which authorities commonly adopt into local regulation.  

In May 2011, the IASB introduced IFRS 13, a global accounting standard for the measurement of fair 

value. The IFRS 13 defines fair value as “the price that would be received to sell an asset or paid to 

transfer a liability in an orderly transaction between market participants at the measurement date” 

(2012). The standard applies to financial and non-financial assets and liabilities and is intended to 

improve alignment of the balance sheet and the income statement. 

Requiring banks to report their assets and liabilities at fair value means that they need to adjust the 

value of their OTC derivatives portfolio for factors such as counterparty risk. Traditional derivatives 

valuation methods do not account for the fact that counterparties might default, which decreases the 

value of the transaction (EY, 2014). This is where the need for the credit value adjustment comes in, as 

an adjustment to reflect the fair value of the derivative portfolio.  

2.3.2 Capital requirements 

In this section an important tool applied by regulators to control risk in the financial system, capital 

requirements, will be discussed. As CVA is subject to capital requirements, they must be considered in 

order to grasp the implications of CVA faced by banks. Reserving capital to comply with these 

requirements comes at a cost as the capital would otherwise be available for something more profitable 

if it hadn’t been reserved. Consequently, banks try minimize their required capital holdings as it restricts 

them from a business point of view and inhibits their risks taking which affects their value generation 

(Gregory, 2012). 

Required amount of capital that a bank must hold according to capital requirements is supposed to act 

as a buffer to tolerate financial losses during stressed scenarios. The capital requirements effective prior 

to the crisis did not sufficiently cover the losses absorbed by financial institutions (Gregory, 2012). 

Regulators had to redefine these requirements after the GFC and find a balance between reducing risk 

and keeping the banks profitable so they can serve the economy efficiently. 

To understand capital requirements from a high-level perspective, consider a bank’s balance sheet. On 

the assets side, the bank has its physical and financial assets along with its loan portfolio. On the liability 

side, the bank has its customers’ deposits including loans from other banks or central banks. The 

difference between the assets and liabilities is the equity of the bank as shown in equation 2.1 below. 

 𝐸𝑞𝑢𝑖𝑡𝑦 = 𝐴𝑠𝑠𝑒𝑡𝑠 − 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 2.1 
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If the bank is in financial distress, a higher amount of capital will reduce the likelihood of default. 

Consequently, regulators require capital set aside such that banks can absorb losses and ensure business 

continuity under distressed circumstances. 

As mentioned, the risk mitigation achieved by imposing capital requirements comes at a cost. Increasing 

capital restricts the banks’ ability to lend, resulting with higher borrowing costs and less lending (Cline, 

2015). Historically, banks have utilized great leverage on their balance sheet for tax advantages of debt 

financing to increase their return on equity and supporting their competitiveness (Juks, 2010). Capital 

requirements restrict banks from utilizing too much leverage, and thereby restrict their ability to 

produce returns.  

The financial system is greatly characterized by international entities operating across multiple borders 

which complicates the industry from a regulators perspective. To reduce conflicting regulatory practices 

in different jurisdictions, the Basel Committee on Banking Supervision (BCBS) was established in 1974 

as a response to serious disturbances in FX and banking markets at the time by the central banks of the 

G10 countries (Gregory, 2012). Since the launch of the committee, its members have grown from the 

initial G10 to 45 institutions from 28 jurisdictions. Furthermore, the committee has launched series of 

international standards for bank regulation, such as the accords for capital adequacy commonly known 

as Basel I, II, and III (BIS, 2018). 

Basel I 

In the 1980’s, a consensus amongst regulators around the globe for the need of a practical standard for 

capturing the various risks associated with the banking system led to the first capital accord, Basel I, 

being approved by the G10 in July 1988 (BIS, 2018). The accord was introduced with the intention to 

strengthen capital adequacy and protect creditors in the event of bank defaults. It acted as a disincentive 

for extreme risk taking in the industry with a special focus on credit risk. The accord set a minimum 

requirement for a ratio of capital to risk-weighted-assets (RWA)8 of 8%. The banks’ assets would be 

grouped into one of five risk categories and assigned a risk weight depending on the riskiness of the 

asset. The total risk weight would correspond to the bank’s RWA which would determine the bank’s 

capital requirement.  

Capital reserves were grouped as either Tier 1 or Tier 2, based on the ability to absorb losses in case of 

distress. Tier 1 capital had to be at least 4% of RWA and a bank had to reserve liquid assets such as stock, 

disclosed reserves or non-redeemable preferred stocks. For the Tier 2 capital, banks could reserve 

                                                             
8 RWA is a bank’s exposure weighted according to risk. 
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hybrid capital instruments, subordinated debt and undisclosed reserves (Tarullo, 2008). The total 

minimum capital for a bank under Basel I is defined as: 

 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 = 0,08 ∗ (𝑐𝑟𝑒𝑑𝑖𝑡 𝑟𝑖𝑠𝑘 𝑅𝑊𝐴 + 𝑚𝑎𝑟𝑘𝑒𝑡 𝑟𝑖𝑠𝑘 𝑅𝑊𝐴). 2.2 

From the launch of this accord, it evolved and grew over the next decade but had some limitations and 

shortcomings which had to be addressed. For example, Basel I lacked risk sensitives, which led to banks 

working around the system allowing them to reduce capital requirements without decreasing risk. This 

workaround was commonly referred to as “regulatory arbitrage”9. The evolution of the accord included 

the loan loss reserve provisions being standardized more precisely in 1991, the effect of bilateral netting 

of bank’s credit exposure being recognized in 1995 and a special market risk amendment being added 

in 1996, designed to incorporate a capital requirement for market risk (BIS, 2018).  

The Cooke Ratio 

One of the most important innovation in the 1988 accord was the Cooke Ratio, a method for measuring 

total credit risk exposure both on and off the balance sheet (Hull, 2018). The total credit exposure is 

divided into three categories: 

1. Exposure from on-balance sheet assets (excluding derivatives) 

2. Exposure from off-balance sheet items (excluding derivatives) 

3. Exposure from OTC derivatives 

For the first category, the risk weights for asset categories was defined such as illustrated in Table 1 . As 

the table shows, the risk weighting scheme was not very sophisticated. For example, credit exposure 

arising from any bank counterparty in an OECD country would be given a 20% risk weight regardless of 

its credit rating. However, credit exposure arising from a loan to a corporation would be given a 100% 

risk weight regardless of the counterparty’s credit rating. The total RWA for on-balance sheet assets 

(category 1) would equal: 

 ∑ 𝑤𝑖 ∗  𝐿𝑖
𝑁
𝑖=1 . 2.3 

Where 𝐿𝑖 is the principal amount of the 𝑖th asset and 𝑤𝑖 is that assets risk weight.  

                                                             
9 Regulatory arbitrage is the practice of capitalizing on loopholes in regulations. 
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Table 1: Risk weights for on-balance sheet items  

 

Source: (Hull, 2018, p. 351) 

The second category includes items such as bank acceptances, guarantees and loans. The credit 

equivalent amount is found as a conversion ratio relative to the principal value of the item. The 

conversion factor depends on the type of asset, such that for example banks acceptances have a 100% 

ratio while other items such as issuance facilities have a lower ratio.  

For the third category, the credit equivalent for OTC derivatives was defined as:  

 max(𝑉, 0) +  𝛼𝐿. 2.4 

Where V is the current value of the derivative for the bank, 𝛼 is an add-on factor, and L is the principal 

amount of the derivative. Notice that max(𝑉, 0) is the current exposure, such that if the counterparty 

defaults today, the exposure is equal to  𝑉 if 𝑉 > 0, hence the derivative is an asset to the bank. The add-

on factor, 𝛼𝐿, should reflect the possibility of the exposure growing in the future. The add-on framework 

is quite simple and easy to use as it does not distinguish between products very accurately. The 

approach will be discussed in more detail later in this chapter. 

Basel II 

Despite some updates of the initial Basel I Accord, the problem of banks seeking regulatory arbitrage 

remained. It lacked sophistication and accuracy as loans by a bank to corporations were all given the 

same risk weight regardless of that corporation’s credit rating (Hull, 2018). To improve the instructions, 

the Basel committee developed a more risk-sensitive second capital adequacy framework commonly 

referred to as Basel II. At the time of its launch, financial markets had become more and more complex, 

resulting with the standardized way of measuring risk being no longer sufficiently reflecting the true 

risk profile of banks. The accord included a revised approach for capital requirements and added a new 

risk category, operational risk (BIS, 2018). Basel II was officially published in 2004 and its 

implementation began in 2007. The accord consisted of three pillars: 
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• Pillar 1: minimum capital requirements 

• Pillar 2: supervisory review 

• Pillar 3: market discipline 

Pillar 1 instructed banks how to compute regulatory capital by a more sophisticated approach than the 

one from the first accord. The improvements were intended to assure that the new framework could 

cope with risk sensitivities and the complexity of the banking system. As before, the committee 

suggested a minimum of 8% capital reserves relative to RWA and at least 4% of tier 1 capital. Three risk 

categories were subject to capital requirements, credit risk, market risk and operational risk. An 

improved approach for calculating credit risk capital requirements was presented, such that the credit 

worthiness of counterparts would be reflected in the numbers. The market risk method remained the 

same and the operational risk method was introduced. The total minimum capital for a bank was defined 

as: 

 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 = 0,08 ∗ (𝑐𝑟𝑒𝑑𝑖𝑡 𝑟𝑖𝑠𝑘 𝑅𝑊𝐴 + 𝑚𝑎𝑟𝑘𝑒𝑡 𝑟𝑖𝑠𝑘 𝑅𝑊𝐴 +

𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑟𝑖𝑠𝑘 𝑅𝑊𝐴). 

2.5 

For credit risk measuring, three approaches for capital calculations were accepted, varying in terms 

sophistication: 

1. The standardized approach 

2. The foundation internal ratings based (IRB) approach  

3. The advanced IRB approach  

By the standardized approach, an evolved version of the credit measure approach from Basel I, banks 

would assess the risk of their credit exposures using external ratings. However, the IRB approaches 

presented banks with the opportunity to make their own estimates of counterparty risk. More precisely 

they could make their own estimates of probability of default, loss given default and estimated exposure 

at default (Gregory, 2012).   

Pillar 2 addressed concerns regarding the supervisory review process within banks. The pillar covered 

both quantitative and qualitative risk management practices within banks, making sure that banks have 

adequate processes ensuring that regulatory capital standards were followed. Supervisors should 

evaluate whether the bank should holder higher levels of capital than the minimum amount considering 

the banks risk profile (BIS, 2018). 
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Pillar 3 required disclosure of how banks allocate capital. The intention was that more transparency 

around these matters will incentives the banks to ensure sound risk management practices as investors 

are better informed about the banks risk management (BIS, 2018). 

Basel III  

The GFC highlighted many shortcomings of the Basel II framework and following the crisis, the BCBS 

introduced many improvements of its regulation instructions. These improvements composed Basel III, 

which is especially relevant for this thesis as it formed the basis of the CVA outbreak which occurred 

after the GFC. The changes of the framework which Basel III presented were to a large extent focused 

on the OTC market and CVA in particular (Gregory, 2012).   

For counterparty credit risk, Basel III introduced several regulatory innovations such as: 

1. Stressed EPE: Expected positive exposure (EPE)10 should be calculated using stressed data to address 

the cyclical issues associated with historical data. As previously, periods of low volatility had led to too 

low capital requirements.  

2. Back testing11: Performed to validate the EPE models. 

3. Stress testing12: Increased requirements on stress testing counterparty risk exposures. 

4. Wrong-way risk: Requiring procedures to identify and mitigate wrong-way risk.  

5. Central counterparties: Creating incentives for the use of CCPs. 

6. CVA capital charge: Charging capital for CVA value-at-risk (VaR)13 in addition to existing counterparty 

risk capital requirements. Perhaps the most revolutionary introduction in the Basel III framework, 

intended to address issues identified in the GFC (Gregory, 2012).  

2.4 Criticism  

As the GFC was a sign of serious misconduct and quandary within the industry, there was and still seems 

to be a relatively strong consensus behind the justification of the regulatory reforms implemented after 

the crisis. However, the cost of regulating is great as the reforms have resulted in increasing government 

budgets for regulators and a substantial amount of workload within banks and other financial 

institutions to comply with law and regulations.  

                                                             
10 EPE is the weighted average of the expected exposure over time. 
11 Back testing refers to testing a predictive model using historical data. 
12 Stress testing refers to testing a model under extreme circumstances in order to observe how it performs. 
13 VaR is a risk statistic that quantifies expected losses for a given probability. 
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This cost of complying with regulation has in recent years led to more than a 60% increase in operational 

cost spent on compliance within the retail and corporate banking industry in the US (Deloitte, 2017). 

According to Goldman Sachs (2014), the regulation acts as increased taxes on banks by changing relative 

pricing. This is because the regulation affects some products and services more than other and thereby 

makes them more costly compared to alternatives. In the Goldman Sachs report, it is argued that this 

affects low-income and small businesses most as they have less access to the alternatives compared to 

high-income and large businesses.  

Critics of increasing regulation have pointed out some potential unintended consequences associated 

by the government intervention. One of which was seen in 2010, when the Bank of England stated that 

CVA hedging activities from banks’ CVA desks were widening sovereign spreads in Europe (Gregory, 

2012). The bank argued that this led to the CDS spreads not accurately reflecting the default 

probabilities of those sovereigns. 

Despite some criticism, the need to ensure that investment banks are well enough capitalized in 

accordance with their risk-taking is undebated. However, to what extend they should be regulated, and 

which risk measures should be applied remains a controversial issue.   

In this chapter, the derivatives markets, information asymmetries within them and the government 

intervention via regulation have been discussed. The regulation for the market acts as rules which 

market participants are obligated to follow. And just like in any other field, the rules of the game are 

what defines the game. When regulators change the rules, the agents competing will surely change their 

behavior trying to maximize their benefits within the frame of rules. In the case of counterparty risk 

regulation, banks utilize various methods to mitigate their risks to minimize the burden of capital 

requirements and value adjustment losses. These methods will be discussed in the next chapter.  
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3 Counterparty Credit Risk 

This chapter will cover core aspects and main components of counterparty credit risk (here after 

counterparty risk) such as exposure, default risk and loss given default. Additionally, different 

approaches accepted by regulators for modelling these factors will be explored along with possible 

methods for mitigating the risk. The concept of netting exposure will be explained as well as a closely 

related term, incremental exposure. Lastly, CVA is explained and derived mathematically.  

For an entity that has entered into a financial contract, counterparty risk is the risk of the counterparty 

in the contract not being able to meet its contractual obligations. The risk arises in the financial system 

first and foremost from OTC derivatives transactions but is also associated with other products e.g. 

repurchase agreements, securities borrowing and lending (Gregory, 2012). The scope of this thesis will 

however be limited to the counterparty risk associated with OTC derivatives.  

Counterparty risk should not be confused with credit risk, despite the two risk categories being closely 

related. Credit risk is associated with all types of lending e.g. loans, bonds, credit cards and mortgages 

(Gregory, 2012). For these products, the notional amount is usually known with a relatively high degree 

of certainty and therefore the party exposed to the risk will face a certain limit of how much the exposure 

could be in case of a default.  For example, if one buys a bond with a par value of 100,000 USD, that 

investor knows that he cannot lose more than that notional amount in a worst-case scenario. Another 

key distinction is that the risk is unilateral such that only one party in a transaction is faced with credit 

risk. As in the case of the bond the investor is the one faced with credit risk while the issuer of the bond 

is not.  

Both credit risk and counterparty credit risk arise from the risk of an obligor not being able to meet 

contractual obligations. The primary difference is however, that counterparty risk is bilateral since the 

value of an OTC derivative can turn both positive and negative. This means that both parties in a 

transaction faced the risk of the counterparty defaulting as the transaction could become an asset or a 

liability for both. From a pricing perspective, this means that both parties to transaction need to 

negotiate and agree on their own and the counterpart’s riskiness since it will affect the pricing of the 

deal. Another difference is that the future exposure is unknown and can be subject to great volatility. 

Unlike traditional lending products, OTC derivatives can theoretically become infinitely positive or 

negative in value as the underlying stock, commodity or other asset can technically increase infinitely 

in value (Gregory, 2010). Hence, for counterparty risk, market participants are not only uncertain 

whether the transaction will become an asset or a liability but also how high or low it will go in value.  



33 

3.1 Components of counterparty risk 

Counterparty risk can be divided into three main components; exposure, probability of default and loss 

given default. Exploring and deriving these components is essential in order to model counterparty risk 

and CVA. To explore the components of the CVA model applied in the analysis section and to get a deeper 

overview of counterparty risk, these components will be reviewed in the following sections 

3.1.1 Credit Exposure 

Credit exposure is the market risk component of counterparty risk as it dependent on market factors 

such as interest rates and the underlying asset price. The credit exposure is the immediate loss realized 

in case of counterparty default and arises since a derivative will have a positive value indicating a claim 

on the defaulted counterparty.  If the derivative has a negative value, one must still meet its obligation 

towards the defaulted counterparty and can therefore not gain from a counterparty default. This means 

that a bank is not affected by a counterparties default unless the exposure towards the counterparty is 

positive (Gregory, 2012). 

As already discussed, an important element of derivatives exposure is that it can increase or decrease 

infinitely in theory (Hull, 2012). This characteristic is derived in equation 3.1 below, where a derivatives’ 

exposure at a time 𝑡, maturing at time 𝑇, with a value of 𝑉(𝑡, 𝑇) is given by: 

 𝐸𝑥𝑠𝑝𝑜𝑠𝑢𝑟𝑒(𝑡) = 𝑀𝑎𝑥(𝑉(𝑡, 𝑇), 0) = 𝑉(𝑡, 𝑇)+. 3.1 

The zero floor of the exposure makes intuitive sense as a bank cannot gain from a counterparty default 

despite the exposure being negative. Total exposure for individual trades is usually allocated in 

chronological order i.e. when a trade is executed, and exposure arises. This is called incremental 

exposure allocation as it depends on the incremental effect of each trade on the total exposure. 

Allocating incrementally is considered most relevant as it matches the sequential nature of trading 

(Gregory, 2012). Incremental exposure and incremental CVA will be discussed further later in this 

chapter. 

Quantifying credit exposure 

There are two main determinants affecting the development of credit exposure throughout the 

derivatives life period. Firstly, risk increases as predictions look further into the future as uncertainty 

about the market variables increases with time. Secondly, many derivatives involve cash flows that are 

paid out over time causing the outstanding principal to decrease through the derivatives horizon. The 

former effect causes exposure to increase with time, while the latter one has the reverse effect. Often, 

the combination of these effects will result with the exposure peaking somewhere close to the middle of 
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the contractual period (Gregory, 2012). The combination of these two effects is illustrated for a 5-year 

interest rate swap in Figure 4, where the exposure peaks on year 2 and then falls until reaching zero at 

year 5.  

 

Figure 4: Interest rate swap exposure profile 

Source: Own creation 

Various methods can be applied to quantify credit exposures, which vary in terms of sophistication, 

operational efficiency and accuracy. In the upcoming sections, three approaches accepted by regulators 

will be outlined.  

The add-on approach 

The simplest approach for exposure approximation is the add-on approach which forms the basis of the 

Basel I capital rules. The add-on is done by taking the exposure prior to a transaction and adding a 

component representing the uncertainty of the PFE in the future. The add-on component should include:  

1. The time horizon of the trade → the larger the time horizon, the larger the add-on 

2. The volatility of the underlying asset class → the more volatile asset classes in question, the larger the 

add-on 

3. The nature of the transaction 

The add-on approach is summarized in equation 3.2. 

 𝐸𝐴𝐷 = 𝐶𝐸 + 𝑎𝑑𝑑 − 𝑜𝑛. 3.2 

Where CE is the current exposure and EAD stands for exposure at default. EAD is similar to estimated 

exposure (EE) which will be described further later in this chapter. The add-on factor is determined as 

a percentage of the CE and as summarized in Table 2, the add-ons depend on the time-to-maturity and 
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the asset class of the underlying (Gregory, 2012). The add-ons are determined such that they reflect the 

risk associated with the product type as well as the risk associated with higher uncertainty due to higher 

remaining maturities. According to the table, derivatives subject to commodities other than precious 

metals are the riskiest product type, while interest rate products are the least risky ones.  

REMAINING 
MATURITY 

INTEREST  
RATES 

FX 
AND 

GOLD 

EQUITIES PRECIOUS 
METALS 
(EXCEPT 

GOLD) 

OTHER  
COMMODITIES 

<1 YEAR 0,0% 1,0% 6,0% 7,0% 10,0% 

1-5 YEARS 0,5% 5,0% 8,0% 7,0% 12,0% 

>5 YEARS 1,5% 7,0% 10,0% 8,0% 15,0% 

 
Table 2: Add-on factors of CE 

Source: (Gregory, 2012, p. 376) 

This approach lacks sophistication and accuracy due to its simplicity, but it is operationally efficient as 

it allows for quick look ups of the incremental impact of a new trade. As discussed above, the exposure 

increases with time, and so does the add-on percentage.  

This simple method does not account for specific properties of the trade such as cash flows, netting and 

collateralization. Neglecting these factors leads to inaccurate results as the approach does not model the 

properties of the products adequately. To account for the inaccuracy, regulators set the add-on 

percentages high to get a conservative add-on figure. Despite its shortcomings, the add-on approach 

suits small institutions well as it is easy and simple to apply.  

The semi-analytical approach 

As OTC derivatives are flexible in terms of underlying assets, time to maturity, product types and 

contractual properties, the add-on exposure allocation may seem a bit too simplistic to model the risks 

associated with these products. A more sophisticated alternative is the semi-analytical approach. 

Despite being more sophisticated, it is relatively easy from an operational perspective as it is based on 

simplifying approximations. Those assumptions include the assumption that the exposure is dependent 

on some determined risk factors and approximating the distribution of the exposure as defined by those 

factors. A semi-analytical approximation is calculated to these risk metrics and an approximated 

distribution for the metrics (Gregory, 2012). Having established the distribution of the derivatives value 

with regards to the risk metrics, exposure measures such as EE and EPE can be extracted from the 

distribution. 
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The semi-analytical approach is of limited use in practice as it does not account for netting nor collateral, 

which both very common measures for dealing with counterparty risk. The assumptions made 

regarding the risk factors cannot incorporate complicated distributional relationships, which limits this 

approach to simplistic distributions only. Modelling path dependent factors such as exercise rights in 

options is hard using the approach, further limiting it to a stricter range of products. Finally, arguably 

the most important shortfall of the semi-analytical approach is that it does not capture netting effects, 

indicating that it does not serve well for measuring CVA of a netting set including multiple trades 

(Gregory, 2012). Despite these shortcomings, the semi-analytical approach is a neat method for ad-hoc 

analyzes and for establishing an intuitive understanding of the subject.  

The Monte Carlo simulation approach 

Although the semi-analytical approach is fast and easy to implement, standard practice amongst 

international banks is to build models which require much more computational power and more 

complex modelling. The models include Monte Carlo simulations and address most of the problems 

neglected by the add-on and semi-analytical, such as netting, collateral, transaction properties and path 

dependency (Gregory, 2012). Further, it can cope with many risk factors as well as the correlation 

between them. From an operational perspective, it is more comprehensive to use and more time 

consuming than the alternatives. But for institutions with OTC portfolios worth billions of dollars, the 

costs associated off establishing and maintaining such state-of-the-art exposure modelling approach are 

relatively low. 

To summarize the procedure of performing Monte Carlo simulations, the process is described briefly in 

the following six steps:  

1. Factor choice 

As for the semi-analytical approach, the risk factors which affect the credit exposure should be 

identified. A model can include from 1 up to multiple factors, depending on the product in scope and 

preference of simplicity versus sophistication of the model. A distribution for the risk factors must be 

assumed such that future scenarios can be calibrated.  

2. Scenario generation 

After determining the risk factor(s) of the model, scenarios are simulated. The scenarios will be 

generated such that they follow a certain time grid, e.g. monthly, weekly etc. The interval length can 

depend on the horizon of the product as well as simplicity preferences. 
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An example of output generated following the second step is illustrated in Figure 5 where 100 scenarios 

were simulated for the 3-month USD LIBOR rate. The interest rate at time zero is 2,6% and from that 

point the model simulates 100 scenarios of different interest rate paths for the 5 years horizon of the 

trade. 

 

Figure 5: Scenario generation for interest rates 

Source: Own creation 

3. Revaluation 

For each point in the time grid, the position will be revaluated such that an exposure can be estimated 

for each scenario. This step is summarized in Figure 6 where the exposure estimates for 100 scenarios 

of the interest rate simulated in Figure 5 are revaluated. 

 

Figure 6: Revaluation of 100 scenarios 

Source: Own creation 



38 

4. Aggregation 

After revaluating each scenario, a matrix of values with respect to each scenario for each step on the 

time grid is established for each derivative. Having established these matrixes, they can be aggregated 

together creating netting sets.  

5. Post-Processing 

Arriving with a netting set for each counterparty, things such as collateral can be taken into 

considerations. To account for collateral, one would go through each observation from the simulation 

paths and retrieve the exposure after accounting for collateralization decreasing the exposure.  

6. Extraction of statistics 

Finally, credit exposure for each counterparty can be extracted from the calculation. E.g., EE could be 

retrieved by taking the average of positive exposures for each time point through the horizon of the 

trade for all simulations.  

The grid points for the simulations need to be large enough to catch the main details of the exposure, 

but short enough to make the computations feasible. Typically, the number of grids selected is between 

50 and 200 (Gregory, 2012). Generally, the ability to change the number of grids for different 

counterparties is important to match different maturity dates, collateral terms and underlying assets.  

The accuracy of the result given by the calibration depends on the number of simulations calibrated. By 

increasing the number of simulations, the standard error of the EE can be decreased. The standard error 

of the estimate is 

 𝑆𝐸 =
𝜎

√𝑀
. 

 

3.3 

Where 𝑀 is the number of simulations and 𝜎 is the standard deviation.  

A 95% confidence interval for the EE is: 

 𝜇 −  
1.96∗ 𝜎

√𝑀
< 𝐸𝐸 <  𝜇 + 

1.96∗ 𝜎

√𝑀
. 

 

3.4 

Where 𝜇 is the simulations estimation of the value of the derivative. Demonstrating the importance of 

an adequate number of simulations, the formula above indicates how uncertainty about the EE will be 

decreased by increasing 𝑀. However, a large 𝑀 will require more computational power or time. 
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Monte Carlo simulations assume that the applied distribution represents the true distribution of the 

simulated variable. For example, the normal distribution can be used to simulate random paths of the 

variable for a given standard deviation and mean. For Monte Carlo simulations to be good estimates, it 

is vital that the applied probability distribution fits the variable in scope. 

3.1.2 Probability of default 

Counterparty risk can be divided into two components, the market risk component already discussed 

and the credit risk component. The latter one addresses the risk of possible counterparty defaults and 

the estimated loss associated with that event. In this section, the credit risk component will be further 

discussed along with its methods for its measurement.  

To understand how counterparty risk can contribute to the evolution of financial shocks, it is important 

to consider corporate defaults and their interconnectedness. Corporate defaults have historically shown 

to be subject to domino effects as they tend to come in waves. This characteristic of default rates is the 

root of systematic risk in the OTC market (Moody's, 2018). The systematic risk arises when the default 

of one entity has the potential to initiate a chain reaction of further defaults and such chain reactions 

can threaten financial and economic stability.  The interconnectedness of corporate defaults is 

illustrated in Figure 7. 

 

Figure 7: Global annual corporate default counts and loss volumes 1970-2017 

Source: (Moody's, 2018) 

To establish a CVA model, a mathematical definition of default probabilities is required. To derive the 

probabilities, a cumulative default probability function 𝐹(𝑢) can be applied. This function gives the 



40 

probability of default at any point between now and the maturity date 𝑢. Hence, the marginal probability 

of default can be defined as: 

 𝑞(𝑡1, 𝑡2) = 𝐹(𝑡1) − 𝐹(𝑡2)            (𝑡1 ≤ 𝑡2). 

 

3.5 

Where 𝑞(𝑡1, 𝑡2) is the probability of default from time 𝑡1 to 𝑡2, see Figure 8. This marginal probability 

will be an input in the CVA calculations later in the thesis. 

 

Figure 8: Marginal probability of default 

Source: (Gregory, 2012) 

Default probabilities play a critical role in assessing counterparty risk and thereby CVA as well. There 

are multiple methods and approaches towards the topic, all of which can be grouped into either real-

world (based on historical data) or risk-neutral (based on market data). Real-world probabilities are 

the actual estimates for the probability of default (O'Kane, 2008). The real-world parameter should 

reflect the true probability while risk-neutral probabilities are derived from market parameters. Risk-

neutral probabilities of default are not an estimate of the actual probability of default, but rather 

reflecting the market price of default risk (Gregory, 2012).  

To clarify the distinction between the real-world and risk-neutral measures, an intuitive example can 

be considered in which a hypothetical transaction with a counterparty is made with a 50% chance of 

paying 100 𝑈𝑆𝐷 and a 50% chance of paying 0 𝑈𝑆𝐷. One might argue that an investor should be willing 

to pay 50 USD for the product; 

 [100 𝑈𝑆𝐷 ∗ 0,5] + [0 𝑈𝑆𝐷 ∗ 0,5] = 50 𝑈𝑆𝐷. 3.6 

However, a risk averse investor would require a risk premium for carrying the high counterparty risk 

associated with this transaction. Now assume that the investor would be willing to pay 47 𝑈𝑆𝐷 for the 

transaction. Then the difference of 3 𝑈𝑆𝐷 would represent the default risk premium which the investor 
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requires as a compensation for carrying the counterparty risk. The market implied probability of default 

would then be 

 𝐹(𝑢) = 1 −
47

100
= 53%. 

 

3.7 

Note that the probability above is not the actual default probability. This is simply an artificial 

probability which reflects the price of the counterparty risk associated with the transaction. The actual 

probability of default (real-world) probability is  

 𝐹(𝑢) = 1 −
50

100
= 50%. 

 

3.8 

The probability in equation 3.7 would represent the risk-neutral default probability of the counterparty, 

while the probability in equation 3.8 represents the real-world default probability. 

Estimating real-world default probabilities 

Credit ratings represent evaluations of the credit worthiness of debtors such as individuals, 

corporations and sovereigns. The ratings predict the entities ability to fulfill financial obligations and 

thereby implicitly the entities’ probability of default (Kronwald, 2009). Credit ratings are assigned by 

credit rating agencies such as Standard & Poor’s and Moody’s and Fitch. However, for modelling 

counterparty risk, banks commonly develop their own credit rating estimations as external ratings are 

commonly limited to publicly traded entities only.  

To assess real-world default probabilities, credit ratings are usually applied as an indicator of credit 

quality. To account for the fact that credit ratings are not fixed for counterparties, historical default 

probabilities as well as the likelihood of transition between rating categories can be applied to estimate 

the default likelihood. This is done by utilizing the so-called transition matrix as presented with a 

hypothetical example in Table 3. Note that the probability of an AAA rated entity moving to an AA rating 

is 5,94% in this case and its 1-year probability of default is 0,01%.  
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Table 3: 1-year transition matrix & associated default probabilities 

 

Source: Own creation with hypothetical numbers inspired by Jon Gregory (2012) 

After establishing a transition matrix from historical data, a cumulative probability function can be 

derived for each credit rating in the transition matrixes. Doing this involves assuming that the transition 

matrix is fixed over time. Which is not true as default probabilities evolve through the economic cycle 

but should not be far off for long term estimation (Gregory, 2012). Having accepted this assumption, the 

1-year matrix can be multiplied 𝑛 − 1 times to derive an 𝑛-year matrix. Arriving with a cumulative 

version of the matrix in Table 4. 

Table 4: Cumulative default probabilities matrix for 1-10 years 

 

Source: Own creation 

It should not come as surprise to see that the probability of default is higher for lower rated entities. 

However, an interesting point here is how the probability increases from year 1 to 10. For investment-

grade credits14, the triple A rated entities move from a 0,01% to a 0,2% probability from year 1-10, 

which means that a triple A rated counterparty is 20 times more likely to default in year 10 than in the 

first year. On the other hand, the non-investment grade credits have a different probability profile. A 

triple C rated entity is 41% likely to default in year 2, and only 81,61% likely to default in year 10, only 

2 times more likely. This demonstrates that firms with low ratings have default probabilities 

                                                             
14 Investment grade credits refer to entities with low or medium risk credit risk. 
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concentrated in the short term as defaults further into the future can only be achieved by surviving until 

that point, which explains the lower relative marginal default probabilities (Gregory, 2012). 

Estimating risk-neutral default probabilities 

As real-world default probabilities represent the actual probability of default, it might seem obvious that 

they should be applied for counterparty risk and CVA modelling purposes. However, common practice 

in the financial industry is to use risk-neutral probabilities when pricing counterparty risk, while real-

world probabilities are more suitable for risk management purposes (Gregory, 2012).  

As risk-neutral default probabilities are market implied parameters, the default probabilities are 

derived from market quotes such as credit spreads which are commonly applied as a measure of credit 

risk. Credit spreads can be defined in various ways, such as premiums on single-name CDS’s, from bond 

prices or measured by a proxy or mapping method (Gregory, 2012). There are two unknown parameters 

that need to be estimated from the spread, the recovery rate 𝑅 and the hazard rate ℎ which is the 

conditional default probability in an infinitesimally short period. Common practice is to assume a fixed 

recovery rate based on historical data and to derive the corresponding hazard rate accordingly 

(Gregory, 2012). 

To derive a default probability profile with market data, describing the process which companies’ 

survival or default depends on as described in is the first step (O'Kane, 2008). Consider a Poisson15 

process driven by a constant hazard rate (ℎ) of default, describing the cumulative probability of default 

for a future period (𝑢), as 

 𝐹(𝑢) = 1 − exp(−ℎ𝑢). 3.9 

Then the instant default probability for 𝑢 is 

 𝑑𝐹(𝑢)

𝑑𝑢
= ℎ exp [−ℎ𝑢]. 3.10 

Where exp [−ℎ𝑢] is the probability of survival up to period 𝑢, and ℎ is the probability of default in the 

infinitely short period at 𝑢. Now for the purpose of deriving the relationship between CDS spreads and 

probability of default, let’s assume all cash flows are paid continuously for simplicity. Then the value of 

a cash flow can be written as  

 ∫ 𝐵(𝑢)𝑆(𝑢)𝑑𝑢
𝑇

0
. 3.11 

                                                             
15 A Poisson process is a random statistical process that follows points randomly located on a mathematical space. 
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Where 𝐵(𝑢) represents the discount factor and 𝑆(𝑢) the survival probability such that  

 𝑆(𝑢) = 1 − 𝐹(𝑢). 3.12 

Thus, the value of protection from a CDS can be written as 

 (1 − 𝑅) ∫ 𝐵(𝑢)𝑑𝐹(𝑢) = (1 − 𝑅)ℎ ∫ 𝐵(𝑢)𝑆(𝑢)𝑑𝑢
𝑇

0

𝑇

0
. 3.13 

With (1 − 𝑅) representing the loss given default. The CDS spread should be the ratio between equation 

3.11 and equation 3.13, or the difference between the risky cash flow and the protected (risk-free) cash 

flow. The spread is approximately  

 𝑆𝑝𝑟𝑒𝑎𝑑 = (1 − 𝑅)ℎ  3.14 

or 

 
ℎ =

𝑆𝑝𝑟𝑒𝑎𝑑

(1 − 𝑅)
  

3.15 

Equation 3.15 is an approximation for the relationship between CDS spreads and default probabilities. 

Combining equation 3.15 and 3.9, the relationship may be written as: 

 
𝐹(𝑢) = 1 − exp [−

𝑠𝑝𝑟𝑒𝑎𝑑

(1 − 𝑅)
𝑢] 

3.16 

Which is an expression of the risk-neutral probability of default up to time 𝑢. To derive the marginal 

default probability, it is approximated as the difference of the above equation between dates 𝑡𝑖−1, 𝑡𝑖. 

Arriving with the marginal default probabilities as defined under the Basel III accord (Gregory, 2012):  

 
𝑞(𝑡𝑖−1, 𝑡𝑖) ≈ exp [−

𝑠𝑝𝑟𝑒𝑎𝑑𝑡𝑖−𝑖

(1 − 𝑅)
𝑡𝑖−1] − exp [−

𝑠𝑝𝑟𝑒𝑎𝑑𝑡𝑖

(1 − 𝑅)
𝑡𝑖] 

3.17 

Equation 3.17 is a practical approximation based on the assumption that the spread is constant. The 

steeper the CDS curve, the less accurate this approximation will be (Gregory, 2012). However, this 

approximation is commonly applied by international financial institutions and approved by the Basel 

committee.  

3.1.3 Recovery rates 

In case of counterparty default, the recovery rate represents the percentage of the outstanding claim 

that recovers. A commonly associated term, loss given default (LGD), is simply the other side of that 

percentage calculation or 𝐿𝐷𝐺 = (1 − 𝑅), where 𝑅 represents the recovery ratio. Predicting LGD is a 

challenging task, partly due to information asymmetries as the counterparty has more information 
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about its obligations and ability to meet them partly in case of own default. Unlike default probabilities, 

LGD cannot be derived from market variables, and since defaults are relatively rare, historical data is 

not sufficient as input for such predictions.  

When a counterpart goes bankrupt, claims can be recovered fully, not at all or anything between. Hence, 

the recovery ratio is a percentage describing the recovered claims as 𝑅 ∈ [0,1]. The recovery ratio can 

vary a lot. When a company defaults, those owed money by the company can file claims against the 

assets of that firm as they are legally entitled to. The proceeds realized following the default, typically 

following a liquidation process or a re-organization, are used to meet the claims. The recovery of a given 

claim will depend on its priority relative to other claims. Holders of OTC derivatives with a defaulted 

counterparty are usually given the same priority as senior bondholders (Hull, 2012). Hence, OTC 

derivatives and senior bonds are both subject to senior unsecured credit risk and have the same 

expected recovery.  

Recovery is hard to estimate but has a large impact on calculation outcome. For example, the CVA of a 

trade with a counterparty with an estimated recovery ratio of 40% would be twice as high as if it was 

70%. Traditionally, credit exposure has been calculated gross of any recovery and thereby calculated as 

the worst-case scenario. But as will be discussed later in this chapter, CVA valuation requires a recovery 

estimate. 

For the fixed LGD ratio usually applied for CVA calculations, standard practice is to assume a 40% 

recovery rate corresponding to a 60% LGD which will be applied in the analysis section. The 40% 

assumption is supported by historical averages as studies have shown historical recovery ratios across 

sectors to be around that percentage level as shown by Altman and Kishore (1996).  

The LGD term is generally the least sophisticatedly derived input in CVA models, and probably will 

remain as such. As it affects the outcome of CVA calculations critically, the assumption of a fixed LGD 

ratio is a big assumption indicating that CVA for netting sets cannot be accurately determined due to the 

lack of predictability for the recovery. However, the 40% recovery rate assumption seems justifiable 

and should lead to approximately correct CVA estimates. 

3.2 Mitigating Counterparty Credit Risk 

In this section the most common ways to mitigate counterparty risk are explored. The importance and 

implications of netting will be discussed as well as an associated term; incremental exposure. 

Furthermore, collateralization and hedging as counterparty risk mitigates will be considered.   
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3.2.1 Netting 

In most business relations, transaction relationships are unilateral such that one party is typically a 

buyer and the other is a seller. Thus, in the event of default, netting is not applicable to offset losses. On 

the derivatives market however, bilateral transactions between counterparties are common which 

enables market participants to mitigate counterparty credit risk by netting the exposure towards a 

counterparty (Gregory, 2010). 

Netting as a contractual clause means that if a company defaults on one transaction towards a 

counterparty, it must default on all outstanding transaction with that counterparty (Hull, 2012). 

Assuming a derivative portfolio including 𝑁 contracts with the same counterparty. The value of the ith 

transaction conditional that the counterparty does not default is 𝑉𝑖 and the recovery in case of default 

can be described as 𝑅 ∈  [0,1]. Without the netting clause, the potential loss of the portfolio would be 

 (1 − 𝑅) ∑ max (𝑉𝑖, 0)
𝑁

𝑖=1
. 3.18 

While, if the netting clause would be included the loss would be 

 (1 − 𝑅)max (∑ 𝑉𝑖, 0)
𝑁

𝑖=1
. 3.19 

 

Figure 9: The impact of netting  

Source: (Fransén, 2018) 

An example of netting effects is illustrated in Figure 9, where the exposure of two hypothetical contracts 

is illustrated as netted and without netting. The example is quite extreme as the netted exposure is zero, 

but it is a good intuitive example portraying how netting can mitigate credit exposure. 
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A netting set is simply a set of trades that may be legally netted together in the event of counterparty 

default such as the one presented in Figure 9. A netting set can be composed by a single trade or multiple 

trades with the same counterparty. Exposure netting only applies within netting sets such that the 

exposure of multiple netting sets is simply aggregated to derive the total CVA of a portfolio of netting 

sets. Including netting effects in exposure estimations does introduce a bit of complexity to the 

modelling process. This is due to the interplay between individual trades and the other trades in the 

same netting set. The interplay between the trades means that independent transactions must be 

assessed with respect to the rest of the netting set (Gregory, 2012)  

 

Figure 10: Netting benefit on the OTC derivatives market  

Source: (Gregory, 2012, p. 50) 

The growth of the OTC derivative market has to a great extent been facilitated by netting. Without 

netting, the size and liquidity of the OTC derivatives market would most likely not be anything near what 

it has been in recent years (Gregory, 2012). Netting decreases the total credit exposure in the market 

and more importantly, ensures that the credit exposure grows at a lower rate than the total notional 

value of the market itself. The imbalance between the exposure and the notional value is what enables 

dealers to build large books on a limited capital base. The total netting benefit of the OTC derivatives 

market has been around 85-95% of the gross market value as illustrated in Figure 10.  

3.2.2 Incremental exposure 

When evaluating a potential deal with an existing counterparty, a bank can measure the CVA effect 

which the trade will have on the netting set. An important point here is that the incremental effect of 

adding the ith transaction can be either positive or negative depending on the underlying correlations 
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between the netting set and the ith transaction. Without the netting clause, the incremental effect could 

not be negative.  

In recent years, banks have increasingly begun to use the incremental exposure measure as a risk 

mitigate. This will be discussed in more detail in section 3.3.3, 

3.2.3 Collateralization 

Another effective and common tool for counterparty credit risk mitigation is collateralization, which is 

a contract clause included in a collateralization agreement. A collateralization agreement specifies how 

when a certain exposure threshold is reached, the exposed party may demand capital posted by its 

counterparty. The capital is usually in the form of cash or other liquid assets. The value of required 

capital posted should equal the difference between the transaction value and the threshold and thereby 

keep the exposure below the threshold (Hull, 2012). 

Consider a swap transaction between two parties, A and B. A MtM valuation indicates that A makes a 

profit while B suffers a loss of the same amount. Now A is exposed to the risk of default by B, 

corresponding to the MtM profit. Then B posts collateral to A to mitigate A’s credit exposure. Now let’s 

assume B defaults, then A holds the collateral to at least partly make up for the loss incurred by the 

default. If neither party defaults, this process will continue towards the maturity of the contract (Hull, 

2012).  

The credit exposure with collateral 𝐶(𝑡) can be derived as: 

 𝐸𝑐𝑜𝑙(𝑡) = max (𝑉(𝑡, 𝑇) − 𝐶(𝑡), 0). 3.20 

Where 𝑉(𝑡, 𝑇) is the value of the trade. But as described above, collateralization is usually dependent on 

a certain threshold 𝐵. The exposure where collateral is posted if the exposure reaches 𝐵 can be 

characterized as 

 𝐸𝑡𝑐𝑜𝑙(𝑡) = max (min (𝑉(𝑡), 𝐵),0). 3.21 

This measure works as a protection against counterparty risk. However, this is much more complicated 

in practice than presented in equation 3.21. While the exposure is continuously changing, collateral is 

posted discretely e.g. daily or weekly (Hull, 2012). Thus, even though a counterparty posts collateral, 

the exposure could still exceed the threshold and the counterparty could default before more collateral 

is posted.  
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3.2.4 Hedging 

Credit derivatives are effective tools for hedging counterparty risk and one of the primary products for 

such purposes is CDS used as a protection for counterparty default. In practice however, most 

counterparties cannot be directly hedged via single-name CDS instruments as the USD denominated CDS 

market only contain around 1.600 names which is a relatively small fraction of the OTC market (Kenyon 

& Green, 2015). Consequently, instead of CDSs banks commonly use multi-name credit derivatives for 

hedging purposes which are mapped by characteristics such as ratings, regions and sectors. By utilizing 

multi-name credit derivatives, financial institutions can decrease counterparty risk on portfolio level 

e.g. a bank exposed to counterparty risk from real estate developers could buy multi-name credit 

protection for that sector.  

The methods discussed in this section can be interpreted as reactions from banks to both address the 

risk they face, and the regulation directed towards those risks. By effectively hedging counterparty risk, 

not only is risk decreased but a part of the capital reserves associated with the risk is also relieved. 

Additionally, losses from value adjustments may be limited by hedging the risk and thereby decreasing 

the CVA of the portfolio.  

3.2.5 Clearing in OTC markets 

In this section, two ways in which OTC derivatives transactions can be cleared will be discussed. Firstly, 

devoting attention to bilateral clearing and how it interplays with counterparty risk. Secondly, 

discussing central clearing and the role of central clearing houses.  

Bilateral clearing 

After the GFC governments all over the globe passed legislations with the intention of increasing central 

clearing in the OTC derivatives markets. Traditionally, the OTC market has been cleared via bilateral 

agreements between market participants such that both parties to a transaction face counterparty risk. 

All aspects of a contract such as legal obligations, credit risk, market risk and operational risk are 

addressed directly between the parties entering into a transaction (ISDA, 2012). Bilaterally cleared 

transactions are subject to capital reserve requirements opposed by regulators as discussed in section 

2.3.  
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Figure 11: Bilaterally vs centrally cleared OTC markets 

Source: (Hull, 2012, p. 32) 

In Figure 11, a simple example of an OTC derivatives market is illustrated. The market on the left is 

bilaterally cleared, as each participant in that market deals directly with the other participants and faces 

the counterparty risk associated with each agreement. The market on the right on the other hand is a 

centrally cleared market where all market participants clear their trades through a single CCP. Although 

some products are legally enforced to be cleared, this is not the case for all products. Hence, the OTC 

market nowadays is a combination of the two scenarios illustrated in Figure 11 (Hull, 2012). 

Central clearing 

Centrally cleared transactions are those were a CCP handles the clearing. The role of a CCP in such 

transactions is similar to an exchange clearing house. The process can be described as follows:  

1. Two parties (most likely a client and a bank) agree on contractual terms for a trade 

2. A CCP is approached by the two parties who request that the CCP clears the transaction 

3. If the CCP agrees to clear the transaction, it takes the role of being a counterparty for both parties to the 

transaction 

4. The CCP manages its counterparty risk by requiring an initial margin and re-balances the margin 

position through the contract period 

The benefits of centrally clearing markets compared to bilaterally are argued to be that collateral is 

posted automatically as described above. Counterparty risk should as a result be reduced and trades in 

the OTC market will be more transparent (Hull, 2012). Banks entering into cleared transactions will not 

face capital requirements towards those trades. However, they will face charges for counterparty risk 

from the CCP as the CCP has to set aside capital in accordance with the counterparty risk it overtakes.   

In this section, the subject of clearing in OTC markets has been presented briefly as it is a topic associated 

with counterparty risk and CVA. However, this thesis and its analysis is structured and focused around 

the bilaterally cleared market only.  
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3.3 Credit Valuation Adjustment 

In previous chapters counterparty risk and its components were reviewed and discussed. Valuing 

counterparty risk via CVA, will be introduced and derived mathematically in this section. 

As CVA is an accounting measure, it is calculated on a routine basis and applied into fair valuations of 

OTC derivatives portfolios in financial statements to reflect the fair value of the assets at a given point 

in time. By continuously re-calculating fair valuations, the profits and losses arising from the portfolio 

increasing or decreasing in value are continuously realized facilitating transparency of the balance 

sheet. This is further assured with other valuation adjustments for fair value such as funding value 

adjustment (FVA), capital value adjustment (KVA) and debt value adjustment (DVA). CVA in this context 

is commonly referred to as accounting CVA, while CVA calculated in order to assess and meet capital 

requirements is commonly referred to as capital CVA. In theory accounting and capital CVA are the same 

thing used for different purposes and will both types be discussed in this section. Additionally, DVA, a 

term closely related to CVA, will be briefly touched upon.  

When calculating a risk-free net present value (NPV) of an OTC derivative contract, the difference 

between credit qualities of counterparties is not reflected in the valuation, hence the risk-free value does 

not reflect the true fair value of a derivative.  

CVA is the quantified MtM value of counterparty credit risk. Hence, it should reflect the cost of closing 

out the counterparty risk exposure of the trades in scope in the market reflecting the cost of hedging the 

counterparty risk. Typically, CVA is a positive number which from a valuation perspective is subtracted 

from the portfolio value, or as: 

𝑓𝑎𝑖𝑟 𝑣𝑎𝑙𝑢𝑒 = 𝑟𝑖𝑠𝑘 𝑓𝑟𝑒𝑒 𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 − 𝐶𝑉𝐴. 

Indicating that the risk-free portfolio and CVA can be valued separately (Gregory, 2012). Implying that 

from an operational perspective, the components of CVA can be handled separately by separate units 

within a bank. For example, a bank may have a unit responsible for the risk-free valuation and another 

responsible for the CVA valuation. Indicating that a swap trader in a bank does not necessarily need to 

be able to calculate the CVA which he generates, as it can be handled by a specific unit which charges 

the dealer for the CVA. This is especially beneficial from an incentives and risk management point of 

view, as information asymmetries associated with a dealer performing his own value adjustments could 

lead to a biased valuation (Gregory, 2012). If a trader is penalized for the CVA he generates, 

underestimating CVA would lead to a biased valuation overestimating the trader’s performance. 
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The CVA described in this section and applied in chapter 5 is built on a couple of important assumptions. 

The calculations are for unilateral CVA meaning that the probability of the banks own default is ignored. 

Wrong-way risk is ignored meaning that probability of default and EE are assumed to be non-correlated. 

And finally, the LIBOR rate is assumed to be a risk-free rate enabling a risk-free valuation. 

3.3.1 Deriving CVA 

In this section, CVA will be formally derived and described mathematically forming a basis for the 

valuation of CVA presented in chapter 5. The standard CVA formula can be expressed as: 

 𝐶𝑉𝐴(𝑡, 𝑇) = (1 − 𝑅)𝐸𝑄[𝐼(𝑢 ≤ 𝑇)𝑉∗(𝑢, 𝑇)+. 3.22 

Where R is a fixed assumed recovery ratio and 𝑉∗(𝑢, 𝑇) is defined as: 

 𝑉∗(𝑢, 𝑇) = 𝑉(𝑢, 𝑇)|𝜏 = 𝑢. 3.23 

Representing exposure at future dates 𝑉(𝑢, 𝑇) given that a default has occurred (𝜏 = 𝑢).  Following the 

assumption of no wrong-way risk 𝑉∗(𝑢, 𝑇) = 𝑉(𝑢, 𝑇) which simplifies the subsequent calculations. 

To obtain CVA for the whole transaction period, integrate over the contract period and obtain: 

 𝐶𝑉𝐴(𝑡, 𝑇) = −(1 − 𝑅)𝐸𝑄[∫ 𝐵(𝑡, 𝑢)𝑉(𝑢, 𝑇)+𝑑𝐹(𝑡, 𝑢)]
𝑇

𝑡
. 3.24 

Where 𝐵(𝑡, 𝑢) is the risk-free discount factor and 𝐹(𝑡, 𝑢) is the cumulative default probability as 

described in section 3.1.2.  

The discounted expected exposure can be written as: 

 𝐸𝐸𝑑(𝑢, 𝑇) =  𝐸𝑄[𝐵(𝑡, 𝑢)𝑉(𝑢, 𝑇)+]. 3.25 

Assuming the default probabilities are deterministic, CVA can be written as follows: 

 𝐶𝑉𝐴(𝑡, 𝑇) = (1 − 𝑅) [∫ 𝐸𝐸𝑑(𝑢, 𝑇)
𝑇

𝑡
𝑑𝐹(𝑡, 𝑢)]. 3.26 

Arriving with the approximation of: 

 𝐶𝑉𝐴(𝑡, 𝑇) ≈ (1 − 𝑅) ∑ 𝐸𝐸𝑑(𝑡, 𝑡𝑖)[𝐹(𝑡, 𝑡𝑖) − 𝐹(𝑡, 𝑡𝑖)]𝑚
𝑖=1 . 3.27 

Where the transaction periods have been divided into 𝑚 periods. The higher the number of 𝑚, the more 

accurate the approximation. This approximation will serve as an input for the CVA calculations 

presented later in the thesis. The equation can be interpreted as a sum of the product of the loss given 

default multiplied by discounted estimate exposure and marginal default probability fir each step in the 

model (i).  
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3.3.2 Accounting CVA 

CVA is a value adjustment adjusting the valuation of OTC derivatives portfolios to reflect their fair value 

at a given point in time. This is sometimes referred to as accounting CVA as it is simply an accounting 

figure adjusting the asset value of portfolios with corresponding impact on income. The CVA value is 

calculated on a regular basis e.g. daily, weekly, monthly etc. and the portfolio book value is adjusted and 

updated accordingly. A change in the value of a portfolio is reflected as a profit in case of a decreased 

value and profit in case of a decrease.  

CVA profit/Loss (P/L) at time t is derived as:  

 𝐶𝑉𝐴 𝑃/𝐿 =  −[𝐶𝑉𝐴𝑡 − 𝐶𝑉𝐴𝑡−1]. 3.28 

Which is a positive value (profit) if the CVA at time 𝑡 is lower than it was at time 𝑡 − 1. The profit reflects 

that the CVA has decreased and thereby the asset value has risen which leads to a profit. On the contrary 

if the CVA at time 𝑡 would be higher than at 𝑡 − 1, that would indicate an increase in CVA, lower asset 

valuation and thereby a loss on the income statement. 

The other primary objective of CVA calculations is to manage capital and meet capital requirements 

associated with CVA. Hence, capital CVA is simply CVA in the context of the capital requirements. 

3.3.3 Incremental CVA 

In this section, incremental CVA will be derived and discussed. Although it is mathematically rather 

simple to explain on top of the CVA derivation, it has a critical impact on the dynamic of CVA for a netting 

set. This incremental effect will be a key consideration when analyzing the impact of new trades in the 

analysis in chapter 5.  

Defining incremental CVA mathematically is straightforward as it can be expressed simply as the 

difference between the CVA of a netting set before and after a transaction is added, see equation 3.29. 

 𝐶𝑉𝐴𝑁𝑆+𝑖(𝑡, 𝑇) − 𝐶𝑉𝐴𝑁𝑆(𝑡, 𝑇). 

 

3.29 

Which can be written as: 
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= (1 − 𝑅) ∑ 𝐸𝐸𝑁𝑆+𝑖(𝑡, 𝑡𝑖)[𝐹(𝑡, 𝑡𝑖) − 𝐹(𝑡, 𝑡𝑖−1)]

𝑚

𝑖=1

− (1 − 𝑅) ∑ 𝐸𝐸𝑁𝑆(𝑡, 𝑡𝑖)[𝐹(𝑡, 𝑡𝑖) − 𝐹(𝑡, 𝑡𝑖−1)]

𝑚

𝑖=1

. 

3.30 

Indicating that: 

 
= (1 − 𝑅) ∑[𝐸𝐸𝑁𝑆+𝑖(𝑡, 𝑡𝑖) − 𝐸𝐸𝑁𝑆(𝑡, 𝑡𝑖)][𝐹(𝑡, 𝑡𝑖) − 𝐹(𝑡, 𝑡𝑖−1)].

𝑚

𝑖=1

 
3.31 

Where NS simply represents a netting set. Equation 3.31 can be summarized as the difference between 

the CVA before and after the incremental exposure, 𝐸𝐸𝑁𝑆+𝑖(𝑡, 𝑡𝑖) − 𝐸𝐸𝑁𝑆(𝑡, 𝑡𝑖), of the new trade added 

to the netting set. An important factor in equation 3.31 is the netting. The netting implies that the 

difference of the EE with and without the new trade is not the same as the independent exposure of the 

trade. As discussed in section 3.2.1, the netted exposure will depend on how the exposure of a new trade 

is correlated with the existing trades. This relationship is illustrated in Figure 12, where the sequential 

development of three trades is presented with incremental and independent CVA figures. As Figure 12 

demonstrates, the incremental CVA for the first trade in a netting set is simply equal to the independent 

CVA as there is no netting benefit associated with a negative correlation with existing trades. For trades 

2 and 3, the difference presents itself. Firstly, the incremental effect for the second trade is 

approximately 300 lower than the independent CVA. Secondly, the incremental CVA for the third trade 

is both lower than the independent CVA, but also negative. This indicates that for the third trade, the 

CVA would not be a negative incremental value adjustment but a positive one.  

 

Figure 12: Incremental CVA compared to independent CVA 

Source: Own creation 
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As discussed in section 3.2.2, banks have begun to take the initiative to implement an incremental CVA 

framework to allocate CVA on trade level. This is done by calculating the effect from equation 3.31 for a 

new trade and linking it with the dealer’s books and performance-based compensation. Without such a 

framework, a dealer can join a bank, generate a lot of CVA and then leave with his bonuses which would 

be unaffected by the counterparty risk which he generated. This is a typical example of misalignment 

between the interests of a principal and its agent. Without an incremental CVA framework, the dealer is 

not affected by the downside of his actions associated with the counterparty risk which he generates by 

his dealings.  

Notice how, when banks have existing trades and exposure with a counterparty, the incremental CVA of 

a trade can be different for different banks. Meaning that the incremental CVA that a bank would realize 

from a trade with a given counterparty may be different from the incremental CVA for other banks for 

that same deal. Incremental CVA could even have different signs (+/-) for different banks, all depending 

on correlation with existing trades (Hull, 2012). Some trades will match the existing trades more 

favorably, meaning that they have a risk reducing effect on the portfolio. Dealers working under an 

incremental CVA incentive framework would be eager to make such trades because they are 

incentivized to do so. Without such a framework, dealers would not be incentivized to consider 

counterparty risk generated by their dealings leading to misalignment between the stakes of the dealers 

and the bank. This could easily lead to moral hazard problems and associated agency costs.  

As incremental CVA is a P/L term, trades with incremental CVA profits can justify entering into a 

transaction with a negative risk-free NPV, if the incremental CVA profit outweighs the negative NPV. In 

addition to the profit realized by the negative CVA impact, a bank would also benefit capital relief 

associated with lowered CVA for the portfolio.  

In the negotiation phase of a deal, the impact of incremental CVA may impact the terms offered by the 

dealer to the counterparty (Hull, 2018). The fact that incremental CVA from deals can vary between 

banks indicates that those banks would presumably be able to offer a customer varying prices 

depending on the incremental CVA. If a trade were to increase total exposure for a bank, the client will 

presumably get the most favorable terms from a bank which it has no existing trades with (Hull, 2018).  

3.3.4 DVA 

A term closely related to CVA is DVA, which is, from a bank’s perspective, the valuation of the 

counterparties’ risk of the bank defaulting i.e. the CVA from the counterparties’ perspective. As DVA is 

booked as a cost to the counterparty, it is booked as a profit for the bank. Meaning that in this context, 

the bank will be better off if its own credit quality worsens. The rationale behind this is that in case if 
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the bank defaults, it will avoid payments to the counterparty which it otherwise would have been 

obligated to honor. The accounting standards governing CVA also take DVA into account (Hull, 2018). 

By adjusting for both credit and debt value, the fair value of a transaction is written as: 

 𝑉𝑓𝑎𝑖𝑟 𝑣𝑎𝑙𝑢𝑒 = 𝑉𝑟𝑖𝑠𝑘−𝑓𝑟𝑒𝑒 − 𝐶𝑉𝐴 + 𝐷𝑉𝐴. 3.32 

Which indicates that DVA counters CVA as a mitigating contribution.  

The fact that a higher credit spread of a bank may result in actual profits through asset appreciation due 

to increased DVA is controversial as it may incentivize banks away from protecting a robust credit 

profile. This controversial issue led regulators to exclude DVA profit and losses from the definition of 

common equity for deriving regulatory capital. Nevertheless, banks can profit from DVA, which was 

demonstrated when a few international banks reported several billions of dollars of profit from DVA in 

the third quarter of 2011 (Hull, 2018). 

Although DVA is closely related to CVA, it will not be given much focus in this thesis. The purpose of the 

thesis is to assess CVA and its dynamics and therefore the numerical analysis presented will solely 

consist of CVA calculations. 
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4 Interest Rate Swaps and Interest Rate Modelling 

The scope of the quantitative analysis presented in chapter 5 will be limited to interest rate swaps as a 

product type. Furthermore, interest rates will also be the key input for constructing the discount curve 

and therefore serve as a critical topic in this thesis. This chapter explains the general characteristics of 

interest rate swaps, valuation methods and introduces interest rate modelling which will be used in the 

analysis.   

4.1 Interest Rates 

In this chapter, interest rates, interest rate swaps and interest rate modelling will be discussed, 

providing insights into the products as well as the Vasicek one factor short-rate model applied in the 

analysis. 

Interest rates are a portion of a principal amount deposited, lent or borrowed. This portion is the 

payment paid by a borrower to a lender. The size of the portion required as a means of payment for 

borrowed amount usually depends on the credit worthiness of the borrower. For a given currency, the 

entity with the best credit quality is the sovereign which issues the currency and should thereby always 

be able to meet its obligations nominated in that currency (Hull, 2012). Hence, the lowest interest rates 

are usually those paid by the government. These rates are the treasury rates, which are the rates earned 

by those who lend a government money in its currency. Other interest rates can be described as a 

combination of the treasury rate plus a risk premium reflecting the default risk of the borrowing entity. 

The risk premium is reflected by a spread between the treasury rate and the effective borrowing rate 

for a given entity, which represents the default risk associated with the entity. The spread reflecting the 

credit quality is added to the risk-free rate resulting with an interest rate applicable for the situation as 

illustrated in Table 5. 

Risk free rate 2%   

S&P Rating Spread (bps) Effective borrowing rate 
AAA 66 2,65% 
AA+ 84 2,85% 
AA 88 2,90% 
AA- 93 2,95% 
A+ 97 3,00% 
A 101 3,05% 
A- 115 3,15% 

BBB+ 144 3,65% 
BBB 166 3,95% 
BBB- 195 4,00% 

Table 5: Spreads and ratings hypothetical example 
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Source: Own creation 

A commonly used term in finance is the “risk-free rate”, which in theory is the interest rate which 

investors can get without taking on any risk. The risk-free rate is an important component of derivatives 

valuations, as it forms the basis of estimating and discounting future exposures. A common text-book 

measure of the risk-free rate is the treasury rate. However, in the USA the treasury rates are considered 

artificially low because financial institutions are forced to buy treasury bills to fulfil regulatory 

requirements (Hull, 2012). Consequently, the standard practice within the financial industry has been 

to apply either LIBOR or overnight indexed swap (OIS)16 rates as a proxy for risk-free rates for valuation 

and pricing in USD. 

4.2 Interest rate swaps  

IRS are derivatives involving an exchange of interest rate payments between two parties based on the 

contracts notional principal for a predetermined time period. Typically, an IRS has two legs, one floating 

and one fixed leg. The party paying the fixed will receive the floating leg and vice versa. 

 

Figure 13: Interest rate swap functionality 

Source: Own creation 

From the viewpoint of a market participant, an IRS is called a payer’s swap when the fixed leg is paid 

and the floating leg is received while, from the counterparty’s viewpoint, it would be called a receiver’s 

swap. In Figure 13 the relationship is illustrated with A being the payer and B the receiver.  

Companies may have various reasons for entering into an IRS agreement. For example, to reduce 

exposure to interest rates or to obtain a lower effective interest rate than without the swap (Hull, 2012). 

The former example being a risk management measure and the latter a way of finance accessing. The 

benefits of IRS’s is well demonstrated by the size of the IRS market illustrated in Figure 14, where the 

                                                             
16 OIS rates are geometric averages of overnight interbank rates 
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OTC market is illustrated in terms of nominal value split into product types, indicating a domination of 

interest rate products.   

 

Figure 14: Gross notional value of OTC derivatives by product categories  

Source: (BIS, 2019) 

4.2.1 Valuation of IRS 

IRS are approximately worth nothing at the date of initiation since the terms specified in the contract 

are usually set such that both legs are of equal value. As time goes, the MtM value of the swap will become 

either positive or negative as the underlying market variables change. 

A common way of valuing IRS is to value each leg as an individual bond. Even though principal payments 

are never exchanged in an IRS, it does not affect the valuation to assume that the principal is paid and 

received at the end of the agreement period (Hull, 2012). For the receiver, who pays the floating rate, 

the swap can be interpreted as a long position in a fixed-rate bond plus a short position in a floating-

rate bond and the contrary for the payer. From the viewpoint of the receiver, these positions can be 

written as: 

𝑉𝑠𝑤𝑎𝑝 = 𝐵𝑓𝑖𝑥𝑒𝑑 − 𝐵𝑓𝑙𝑜𝑎𝑡𝑖𝑛𝑔. 

Where 𝑉𝑠𝑤𝑎𝑝 is the value of the swap for the receiver and the value for the payer is: 
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𝑉𝑠𝑤𝑎𝑝 = 𝐵𝑓𝑙𝑜𝑎𝑡𝑖𝑛𝑔 − 𝐵𝑓𝑖𝑥𝑒𝑑 . 

The bond valuation method simply means valuing the two components individually and inserting the 

resulting MtM values into the above equations.  

The MtM value of 𝐵𝑓𝑖𝑥𝑒𝑑  is simply the sum of the discounted cash flow of the leg. Each cash flow is 

subsequently discounted by a discount factor for the given date of payment, resulting in the present 

value of the payment. This method is summarized in Table 6 using hypothetical inputs. The present 

value is simply calculated such that  

 
𝑃𝑉(𝐶𝐹𝑡) =

𝐶𝐹𝑡

(1 + 𝑟𝑡)𝑡
. 

4.1 

Where 𝐶𝐹𝑡 represents the cash flow at time t, 𝑟𝑡 the interest rate at time t, and the MtM value of the leg 

is simply the sum of all discounted cash flows such that 

𝑀𝑡𝑀(𝐵𝑓𝑖𝑥𝑒𝑑) = ∑ (
𝐶𝐹𝑡

(1+𝑟𝑡)𝑡)
𝑇

𝑡=0
. 

Table 6: Fixed leg valuation 

 

Source: Own creation 

The valuation of 𝐵𝑓𝑙𝑜𝑎𝑡𝑖𝑛𝑔 is equal to the principal amount immediately after an interest payment has 

been made. Right after the interest payment, the leg becomes a “fair deal” paying the floating rate for 

each subsequent accrual period (Hull, 2012).  

4.3 Interest Rate Modelling 

For valuation of the interest rate swaps in the analysis, the Vasicek short-rate model will be applied to 

model the stochastic process describing the interest rates’ short-term development. In this section, the 

Vasicek model will be explored.  
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4.3.1 The Vasicek Model 

It is a challenging practice to predict how interest develop as the rates are both subject to market 

variables as well as central bank decisions, but the model described in this section will not try to predict 

such effects. It is a model which assigns probabilities to different future scenarios for the interest rate 

based on historical data. 

The model applied is the Vasicek short-rate model described in Vasicek (1977). It is a relatively simple 

short rate model for interest rate predictions and convenient for pricing of various financial products 

and therefore a good fit for this thesis’s purpose. This model can easily incorporate negative interest 

rates which has shown to be a beneficial attribute in the low and sometimes negative interest rate 

environment presented after the GFC (Hull, 2012). 

The model specifies a stochastic process for the short rate in continuous time described by the below 

differential equation:  

 𝑑𝑟𝑡 = 𝑎(𝑏∗ − 𝑟𝑡)𝑑𝑡 + 𝜎𝑑𝑊𝑡,     𝑟0 = 𝑟(0)  4.2 

• Where 𝑟0, 𝑎, 𝑏∗, 𝜎 > 0 

• For a given initial value 𝑟0, the equation above can derive future interest rate values 

• The deterministic term 𝑎(𝑏∗ − 𝑟𝑡)𝑑𝑡 gravitates the process towards the long-term level  

• 𝑏∗represents the long-term mean level 

• 𝑎 Determines the strength of this gravity, or how much the process tends to converge towards the long-

term level 

• When 𝑟𝑡 <  𝑏∗, the interest rate will tend to increase over time as the deterministic term will be positive. 

On the contrary, if 𝑟𝑡 >  𝑏∗, the deterministic term will be negative, pulling the interest rate down over 

time 

• The noise term 𝜎𝑑𝑊𝑡 is the random variable in the equation, which strength will depend on the standard 

deviation 𝜎 

• Without the noise term, the rate would converge towards the long-term value and remain there 

𝑎, 𝑏∗and 𝜎 are required inputs before the Vasicek stochastic process can be simulated. To find these 

inputs, a discrete version of equation 4.2 can be applied as described by Hull (2012). This is 

demonstrated in equation 4.3. Equation 4.3 can be used to fit data on a short-term interest rate for a 

given period. To estimate the parameters, a regression of Δ𝑟 on 𝑟 can be applied, or alternatively a 

maximum-likelihood method can be used. For practical purposes in this thesis, the discrete regression 

method will be applied. 
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 Δ𝑟 = 𝑎(𝑏 − 𝑟)Δ𝑡 + 𝜎𝜖√Δ𝑡 4.3 

In the model described above, the interest rate follows a so-called Brownian motion17 with a mean-

reversion. The mean reversion simply indicates that there is a gravity constantly pulling the process 

towards the mean. If the rate is above the mean level, it will tend to go down until it reaches that level 

and vice versa. This model only includes one random market risk factor which controls the whole inflow 

of randomness into the model. That inflow is dependent on the standard deviation which dictates how 

volatile the simulated stochastic process is.  

The mean reversion is a key characteristic of the model as it constrains the process such that it cannot 

increase or decrease indefinitely. This characteristic makes sense intuitively as high interest rates 

hinder economic activity which then leads to lower interest rates. On the other hand, low interest rates 

stimulate the economy which then leads to higher interest rates (Mankiw, 2013). Hence, in the model, 

the interest rate will fluctuate within a limited distance from the mean which is a realistic characteristic. 

In Figure 15, the interest rate data applied in the Quantitative analysis chapter is illustrated 

demonstrating how the Libor 3m rate has evolved in the datasets period. 

 

Figure 15: 3m Libor historical chart 

Source: (Federal Reserve Bank of St. Louis, 2019) 

Although the Vasicek model is and widely used for interest rate modelling within finance, it has its 

shortcomings. The fact that it only includes one random factor means that the model only captures 

parallel movements for the yield curve (Gregory, 2012). Arguably multifactor models which capture 

multiple market risk factors and more complex movements on the yield curve are better suitable for 

modelling interest rate exposure. However, such models are more complex to build and for practical 

                                                             
17 A Brownian motion is a continuous-time stochastic process. 
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purposes in this thesis, the one-factor Vasicek model is assumed suitable and adequate to address the 

research question of the thesis. 
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5 Quantitative analysis 

This chapter presents numerical analysis and results aimed to serve as evidence for answering the 

research questions. This includes deriving default probabilities from market data (risk-neutral), 

estimating exposure and calculating corresponding CVA. Analyzing the impact of default probabilities 

on CVA, two counterparties will be compared. Furthermore, a netting set will be established by 

sequentially adding trades with the same counterparty and the corresponding incremental effects of 

each trade will be assessed. 

The calculations are based on three hypothetical IRS’s subject to the 3-m USD LIBOR rate as an 

underlying asset. All cash flows are nominated in USD. The LIBOR is applied as the risk-free rate for all 

calculation purposes. The swaps are set up as at-the-money (ATM), implying that the swap rate is set 

such that the MtM valuation at time zero equals zero (Hull, 2012). The trades can be summarized as:  

Table 7: Swap properties 

 

Source: Own creation 

Analyzing the credit risk component, the credit profile of two different banks are applied and analyzed 

for the swaps. These two entities are Danske Bank and Deutsche Bank. Deutsche bank has struggled in 

recent years making it a good example of a bank with a relatively high CDS spread and weak credit 

profile. Danske Bank is applied as an alternative example, as a bank in a more robust financial condition. 

The intention is to get a contrast between entities with different credit worthiness to demonstrate how 

CDS spreads affect default probabilities.  

The market risk component, exposure, is estimated using a one factor Vasicek model for the 3-m LIBOR 

rates, both for estimating exposure and to discount the future cash flows of the swaps. Note that this 

risk-free rate proxy applied is not exactly risk-free but should be an adequate proxy for the analyses.  

Probability of default and the credit exposure are assumed to be independent and thereby wrong-way 

risk is completely ignored in this model. It is assumed that the credit worthiness of the counterparties 

in scope, Deutsche and Danske Bank, are not correlated with the LIBOR rate.  
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5.1 Assessing default probabilities 

In this section, the derivation of risk neutral default probabilities will be presented for the two 

counterparties as well as a comparison of the credit profiles. The CDS curves for the two banks are 

illustrated in Figure 16, portraing the difference between the credit worthiness of Danske Bank and 

Deutsche Bank. 

CDS curves generally tend to rise as the horizon increases. This is because the uncertainty around future 

survival of entities increases with time. Therefore, the marginal probability of default should generally 

be a positive number. 

 

Figure 16: CDS curves 

Source: Own creation 

Default probabilities can be approximated from CDS market data. As discussed in section 3.1.2, two 

model parameters must be implied from only one market parameter, the CDS spread. Deriving two 

unknown variables from one market variable is mathematically impossible and therefore a 40% 

recovery ratio, and thereby a 60% LGD, will be assumed for all calculation purposes. This results with 

only the default probabilities being left to be derived from market data. To derive the default 

probabilities from the CDS spreads, equation 3.17 from chapter 3, the approximation formula for 

marginal probability of default is applied:  

 𝑞(𝑡𝑖−1, 𝑡𝑖) ≈ exp [−
𝑠𝑝𝑟𝑒𝑎𝑑𝑡𝑖−𝑖

(1−𝑅)
𝑡𝑖−1] − exp [−

𝑠𝑝𝑟𝑒𝑎𝑑𝑡𝑖

(1−𝑅)
𝑡𝑖].  

Which is applied to derive the marginal default probability between 𝑡𝑖−1 and 𝑡𝑖.  
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Note that 
𝑠𝑝𝑟𝑒𝑎𝑑𝑡𝑖−𝑖

(1−𝑅)
  is simply the hazard rate as defined in section 3.1.2 as 𝑆𝑝𝑟𝑒𝑎𝑑 = (1 − 𝑅)ℎ and 

thereby ℎ =
𝑆𝑝𝑟𝑒𝑎𝑑

(1−𝑅)
 . By simply inserting the CDS spreads of Deutsche Bank into this equation assuming 

the 40% recovery rate, the hazard rates presented in Table 8 are derived. 

Table 8: Deutsche Bank Hazard Rates 

 

Source: Own creation 

 Having derived the hazard rates for each year, the marginal default probabilities for each tenor can be 

derived via equation 3.17. For Deutsche Bank, the results are summarized in Figure 17. 

 

Figure 17: Deutsche Bank’s default probability profile 

Source: Own creation 

As the uncertainty associated with a longer horizon leads to higher risk of default, the upwards slope of 

the probability of default makes perfect intuitive sense. The marginal probability of default is stable in 

this case, ranging from ca 0,33% and 0,31%. The cumulative probability of default reaches >10% by the 

end of the transaction period, demonstrating the high default risk associated with Deutsche Bank.  
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Figure 18: Danske Bank's default probability profile 

Source: Own creation 

As Figure 16 illustrated, the Deutsche spreads are higher than the Danske spreads, implying a lower 

probability of default for the Danish entity. To no surprise, this results with a more robust credit profile 

and thereby a lower probability of default for Danske Bank. The difference between the two Banks is 

summarized by the >10% cumulative probability of default at year 5 for Deutsche Bank vs <4% for 

Danske Bank. The marginal default probabilities are also quite different. In Deutsche Bank’s case, it 

increases a lot in year 1-2 and less afterwards. On the contrary, Danske Bank’s marginal default 

probability increases more year by year. 

5.2 Applying the Vasicek Model 

The dataset applied for the Vasicek model are time series of historical 3m LIBOR rates back in time. The 

dataset applied includes 8.652 observations of daily LIBOR rates from the 1st of February 1986 to the 

settlement date of the swaps, the 1st of March 2019. The stochastic process might have changed since 

the 1980’s making the earlier part of the dataset less relevant. However, the data was selected such that 

it would give a more historical perspective than by only including post GFC data representing the 

ongoing low-interest rate period. The LIBOR 3-month rate was selected as it has traditionally been 

applied by financial institutions as a risk-free proxy (Hull, 2012). As LIBOR 3-month rates are simply the 

rates at which AA rated banks can borrow and lend to one another at, it is not exactly risk-free. However, 

in normal market conditions, the 3-month LIBOR rate is close to risk-free and therefore commonly 

applied as a risk-free rate for financial modelling (Hull, 2012). An alternative could be to apply US 

treasury rates, which have shown to be lower than the LIBOR. However, tax and regulation issues 

related to the treasury rates have led to the treasury rates being considered non-relevant as a risk-free 

proxy (Hull, 2012).    
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Consider again the Vasicek stochastic differential from section 4.3.1 for constructing an interest rate 

path, equation 4.3: 

Δ𝑟 = 𝑎(𝑏 − 𝑟)Δ𝑡 + 𝜎𝜖√Δ𝑡 

As described in section 4.3.1, there are three unknown parameter inputs that need to be determined in 

order to calibrate the process. These parameters are alpha, beta and sigma. To determine their values 

for the dataset in scope, a least squares regression is applied.  

The regression for the Vasicek inputs can be described as follows: 

 𝑌𝑖= 𝛽0 +  𝛽1𝑋𝑖 + 𝜀𝑖  5.1 

Where: 

𝑌𝑖 =  ∆ 𝐼𝑅𝑖 is the change of the LIBOR in each period  

𝑋𝑖 =  𝐼𝑅𝑖 is the LIBOR rate 

𝛽0 = 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 

𝛽1 = 𝑆𝑙𝑜𝑝𝑒 

𝜀𝑖 = 𝑟𝑎𝑛𝑑𝑜𝑚 𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚 

 

Figure 19: Vasicek regression 

Source: Own creation 

The inputs are determined as: 

𝐴𝑙𝑝ℎ𝑎 =  −𝑥 ∗ (1,007𝐸 − 0,5) ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎𝑠𝑒𝑡 (260)  
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𝐵𝑒𝑡𝑎 =  −𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 / 𝑥 

𝑆𝑖𝑔𝑚𝑎 =  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐸𝑟𝑟𝑜𝑟 ∗  √260 

Having established the parameter inputs for the stochastic Vasicek differential equation, interest rate 

paths are simulated assuming a standard normal distribution of the state variable. This involves the 

assumption that the interest rates are normally distributed around the mean. 

5.3 Exposure calculations 

As described in section 3.1.1, there are a couple of methods available for estimating credit exposure, but 

the most sophisticated and widely used approach is the Monte Carlo simulation method. The results 

presented in this chapter are based on 104 Monte Carlo simulations for each MtM value. The model 

applied is inspired by Gregory (2012). 

 

Figure 20: 5 simulations of interest rate paths 

The exposure values are determined as the MtM of each leg for each time grid. The time grids are set as 

quarterly. In order to establish a MtM value, a yield curve is constructed for each simulation based on 

the underlying asset as well as an interest rate path for the contract period as illustrated in Figure 20. 

These paths determine the interest rate at the point in time of each revaluation. Then a forward curve 

is constructed from that time point towards the time of maturity of each trade. That curve is used to 

discount future cash flows of the swaps. An example of these discount curves from a one random 

simulation is illustrated in Figure 21. The curves are aligned in rows representing each time point in the 

simulations. The first column displays the simulated interest rate path for this simulation.  
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Figure 21: Discount curves example 

Source: Own creation 

For the floating leg, the Vasicek model output was applied for each simulation to determine the interest 

rate curve applied for the floating payments. The same interest rates were applied as the underlying 

asset and as the risk-free rate for all transactions in scope. The valuation works such that for a receiver 

swaps, the MtM value is equal to the value of the fixed leg minus the value of the floating leg and the 

opposite for the payers’ swap. The Monte Carlo simulations recalculated the interest rate path, the 

corresponding discount curve for each grid and then the corresponding MtM values 10.000 times. The 

results for trade 1 are illustrated in Figure 22.  

 

Figure 22 : Swap 1 simulations 

Source: Own creation 
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To calculate the EE from the above simulations, all positive exposure values for a given time point are 

aggregated and divided by the number of simulations. This can be interpreted as taking the average of 

all future values assuming all negative values are equal to zero. All negative exposure estimates are 

therefore neglected from the EE calculation as they represent the probability of the trade being having 

a negative value and thus not generating any counterparty risk at that point in time. Having filtered out 

the negative exposure values, and weighted the sum by the number of simulations, the EE has been 

established. The process described above is repeated for each trade establishing an EE curve through 

the horizon of each swap as illustrated in Figure 23.  

 

Figure 23: Estimated Exposure 

Source: Own creation 

Interpreting these results, it is important to consider the components contributing to the exposure 

calculations.  Firstly, obviously the difference in notional value between the trades is a great contributor 

to the exposure estimates in absolute USD terms. Secondly, the uncertainty around the underlying asset 

is greater the longer the predictions are into the future. Therefore, the uncertainty is higher in the latter 

part of the horizon, increasing the exposure in that part. On the contrary, the exposure for each trade 

will naturally decrease as the remaining payments get fewer each quarter. This effect leads to the 

exposure decreasing over time and reaching zero at the maturity date of each trade. The combination of 

the two effects leads to the exposures profiles of the trades peaking somewhere close to the middle of 

each trade’s horizon. This is in line with what was discussed in section 3.1.1.  
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5.3.1 The impact of netting exposure 

It is important to take interconnectedness between trades into consideration. As the underlying asset is 

the same for the three trades in scope, the netting impact is not as much as if the underlying assets were 

two or uncorrelated assets. But even though the underlying is the same, the properties of the trades 

differ by notional value and maturity dates. This means that for each simulation, the trades with a 

shorter horizon will not be subject to the predicted interest rate values beyond their maturity. 

Furthermore, the fact that swaps 1 and 2 are receiving and trade 3 is paying also shifts the exposure 

from [fixed leg – floating leg] to [floating leg – fixed leg], indicating that swap 3 is likely to have a negative 

MtM for each simulation where trades 1 and 2 have a positive MtM and vice versa. Therefore, netting 

benefits for this portfolio are strong and provides a solid example of how netting impacts CVA for netting 

sets as illustrated in Figure 24. 

 

Figure 24: The impact of netting 

Source: Own creation 

The exposure illustrated in Figure 24 represents the same portfolio of the three trades with and without 

netting. The difference between the netted and non-netted portfolios is highest at time 1, as the non-

netted exposure is 174.317 while the netted exposure is 114.224, implying a netting benefit of 60.093.  
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5.4 CVA calculations 

The aftermath is relatively simple as all the CVA components have been simulated. To compile CVA, 

utilize the CVA formula, equation 3.27 from chapter 3: 

𝐶𝑉𝐴(𝑡, 𝑇) ≈ (1 − 𝑅) ∑ 𝐸𝐸𝑑(𝑡, 𝑡𝑖)[𝐹(𝑡, 𝑡𝑖) − 𝐹(𝑡, 𝑡𝑖)]𝑚
𝑖=1 . 

The output of this formula, applying Deutsche Bank as the counterparty, corresponds to the following 

independent CVA figures: 

 

Figure 25: CVA for Deutsche Bank by trade 

Source: Own creation 

These CVA numbers can be interpreted as the difference between the risk-free value of the trades and 

their fair value. To put them in context, consider the figures as a percentage of the corresponding 

notional value: 

 
Swap 1 Swap 2 Swap 3 

CVA 2696 2879 449 

CVA % 0,054% 0,029% 0,009% 

Table 9: Deutsche Bank's CVA abs. and percentage 

Source: Own creation 

Interpreting this as a fair value adjustment, the fair value of swap 1 could be found by multiplying the 

notional value of the trade by (1-0,054%). Notice that the percentage is lower for trade 2 and even lower 

for trade 3. The main reason for the higher relative CVA swap 1 is likely to arise from the time to 

maturity. While trade 1 has cash flows up to 5 years into the future, trade 3 only goes 3 years into the 
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future. This means that the uncertainty associated with the exposure and default likelihood of trade 3 is 

lower resulting with a lower CVA.  

5.4.1 How creditworthiness affects CVA 

Assessing how the different credit profiles in scope affect the CVA for the counterparties, the CVA for 

the exposure profiles of the trades is calculated using the two different credit profile inputs to produce 

two different results. The results of these calculations are presented in Table 10. The outcome indicates 

how sensitive CVA is to default probabilities. The portfolios CVA increases by 220% by changing the 

counterparty from Danske Bank to Deutsche Bank. This CVA difference demonstrates how banks can be 

affected by their counterparties’ credit worthiness.  

 
Swap 1 Swap 2 Swap 3 Total netted 

CVA Deutsche 2696 2879 449 4431 

CVA Danske 855 880 137 1384 

Table 10: CVA comparison by swap 

Source: Own creation 

5.4.2 Incremental CVA 

The incremental effect off adding trades into a netting set is assessed applying Deutsche Bank as the 

base case. As discussed in section 3.3.3, incremental CVA is the difference between a netting sets’ CVA 

before and after a new trade is added. To analyze this effect for the trades in scope, the CVA is calculated 

for trade 1, then the incremental effect of adding trade 2 is examined and the same goes for trade 3. The 

results of these analyzes are presented in Table 11. 

 
Swap 1 Swap 2 Swap 3 

Independent CVA 2696 2879 449 

Incremental 2696 1852 -117 

Table 11: Incremental CVA for Deutsche Bank 

Source: Own creation 

The first trade’s independent CVA and incremental CVA are the same as there is no netting effect present. 

The netting effect presents itself as soon as a second trade is added. As this is calculated sequentially, 

the incremental CVA for swap 2 represents the increase in total netted CVA caused by adding trade 2 to 

the netting set. The difference between the independent and incremental CVA of trade 2 (approx. 1.000) 

is high considering that both trades are receiving swaps with the same underlying assets. Here the 
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difference between the fixed swap rates and time to maturity contribute to the netting effects causing 

the difference. 

An important finding in these analyses is the negative incremental CVA of trade 3. Indicating that the 

fair value adjustment associated with adding trade 3 to the netting set is non-negative, implying that it 

increases the value of the portfolio. If some other bank with no existing exposure towards Deutsche 

Bank would enter into this transaction (trade 3), the incremental CVA would simply be equal to the 

independent CVA, or 449. Hence, this example indicates that a bank who already has the exposure from 

trades 1 and 2 with Deutsche Bank could offer more favorable terms for trade 3 than its competitors 

due to the profit from CVA, assuming the competitors do not have any existing exposure towards 

Deutsche Bank.  
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6 Discussion 

In this section the results from the analysis will be discussed focusing on the problems from the research 

questions. Firstly, the relationship between credit quality and CVA will be discussed reflecting on the 

results and how they match expectations and literature. Secondly, the focus of the thesis on CVA at the 

entering of the transaction will be discussed, reflecting on the fact that CVA in practice is a continuous 

fair value adjustment. Furthermore, the implications from the analysis on incremental CVA will be 

considered.  

6.1 Credit worthiness and CVA  

The results of the analysis verify how CVA is greatly dependent on the credit quality of counterparties. 

It should not come as a surprise that the bank with the weaker credit profile was subject to greater CVA, 

but the difference was more extreme than what the author had expected beforehand. The results show 

how entering into a swap transaction with Danske Bank is much more favorable than with Deutsche 

Bank simply due to the difference in credit quality. This indicates that a dealer would charge Deutsche 

Bank for a higher CVA charge than Danske Bank. In reality, for bank-to-bank transactions as the ones in 

scope, CVA would of course be mitigated by collateralization. However, posting collateral is costly for 

banks as it makes their business more capital intensive and therefore decreases their profitability. 

Hence, CVA is important even though it can be mitigated as the mitigation comes at a price. 

Consequently, these findings demonstrate how decreased credit quality can affect profitability and lead 

to higher CVA charges demanded by dealers. 

6.2 CVA as a P/L measure 

The quantitative analysis in this thesis were solely focused on calculating CVA at the settlement date of 

the swap contracts, which can be interpreted as the pricing of CVA. In practice CVA numbers are 

recalculated on a regular basis resulting with continuous re-adjustments of OTC portfolios value 

adjustments and a corresponding P/L impact. This implies that when credit spreads decrease, banks can 

profit simply due to the strengthened credit qualities of their counterparties. On the contrary, they can 

suffer from losses in periods of increasing risk and higher CDS spreads as CVA increases. The analysis’ 

results demonstrate how the relationship between CDS spreads and CVA is sensitive, indicating a how 

the spreads of counterparties can have an impact on the income statements of banks.  

As discussed earlier in the thesis, valuation adjustments such as CVA were not commonly applied to 

banks balance sheets prior to the GFC. Therefore, the booked value of the OTC portfolios which the banks 
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held at the time was unaffected when risk factor such as default probabilities changed. This resulted 

with trades being overvalued as the valuation didn’t account for the likelihood of default. In the current 

regulatory environment, trades are re-valued frequently reflecting their fair value. Not only does this 

lead to losses being continuously accounted for, but this also makes the balance sheet of banks reflect a 

much more accurate value of their assets and liabilities.   

6.3 Incentives and incremental CVA  

The findings in section 5.4.2 demonstrated how incremental CVA can be both negative and positive, 

indicating that entering into a risky transaction can actually be risk reducing for banks in some cases. 

Furthermore, the analysis demonstrated how banks with different existing exposure will face different 

incremental CVA from the same trade. Implying how the profitability of entering a trade can vary from 

bank to bank.  

These findings demonstrate how OTC derivatives deviate from other financial instruments. As doing 

business with stocks and bonds does not lead to different P/L results for different banks. If two different 

banks would buy the same shares of the same company, they should be subject to the same P/L as well 

as the same fair value of those assets. This is not a direct result of the transaction between the bank and 

its client but rather an adjustment made on the banks books to comply with regulatory requirements.  

CVA as a balance sheet adjustment and P/L contributor is applied on total netted and aggregated 

portfolios of banks (Hull, 2012). And as the analysis indicates, the CVA P/L can be a critical factor 

affecting the profit of banks from year-to-year. Therefore, it shouldn’t come as a surprise that banks are 

nowadays coming up with various measures to try to manage CVA, attempting to limit the losses 

suffered from it and increase the profit exploited from it. As discussed in section 3.3.3, banks have in 

recent years initiated frameworks to incorporate CVA in the incentives for front office employees.  The 

results highlight how incremental CVA can vary from trade to trade, and how it can deviate from its 

independent CVA. Consequently, incorporating the incremental CVA in dealer’s compensation 

frameworks seems as a good risk management tool. 

6.4 Further potential research 

The bonus incentives setup in banking without incremental CVA leads to an adverse selection problem 

as described in section 2.2. Adverse selection in this case rises since the bank does not have the material 

knowledge (of the expected incremental CVA) which the employee is likely to have. But by calculating, 

monitoring and allocating incremental CVA on trade level, banks can see the incremental CVA 
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contribution from each trade and incorporate it into the bonus system. How this affects the behavior of 

derivatives sales managers and thereby the overall risk of banks is a highly relevant but an unexplored 

topic within CVA research. 

In this thesis, DVA was completely neglected. This means that the total effect of counterparty risk 

presented in the analysis did not account for the possibility of own default. In practice, CVA and DVA are 

often calculated simultaneously and presented as [CVA – DVA] as DVA works as a natural hedge against 

CVA. Potential future research could include similar analysis including DVA expecting that the total [CVA 

– DVA] adjustment would be lower than the CVA adjustment only.  

Perhaps the most important aspect of DVA is that banks make a profit when their own credit quality 

weakens. But as already discussed, there are multiple other factors associated with banks credit quality 

which weakens profitability as credit quality decreases. Comparing the DVA profit associated with a 

weakened credit worthiness spreads to other negative effects and thereby assessing the net impact of 

weakened credit quality, is a highly interesting potential research area within the xVA area.  
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7 Conclusion 

The aim of this thesis was to explore CVA and to build and calibrate a CVA model for interest rate swaps 

and to assess the dynamics in CVA by sequentially adding trades to a netting set. A special focus was set 

on analyzing incremental CVA and the effect of credit quality on CVA. To meet these objectives, two 

counterparties were selected to compare different credit qualities and how they affect CVA. The 

relationship between the exposure from three interest rate swaps and marginal default probabilities 

derived from CDS quotes of the counterparties were analyzed. Furthermore, the dynamics of CVA were 

explored via incremental CVA calculations indicating how banks are affected by CVA from new trades. 

The results presented in this thesis demonstrate a few main findings. They show how credit spreads 

affect CVA as higher spreads represent a higher probability of default. They also highlight the 

importance of netting for CVA calculations. The contrast presented by applying the same EE along with 

two different credit profiles represented by different CDS curves demonstrated, to no surprise, the effect 

of default risk on CVA. It is important to keep in mind that both counterparties had, like banks in general, 

a strong credit profile. However, Deutsche Bank has struggled in recent years resulting with a relatively 

weak credit profile for an international bank. The CVA difference for the entities was quite high which 

indicates how counterparties’ credit quality can affect the attractiveness of doing business with them 

and lead to different pricing due to CVA charges.  

Incremental CVA figures from the calculations demonstrate how independent and incremental CVA are 

different. These findings show how fair value adjustments can bet both negative and positive depending 

on the existing portfolio and its correlation with new trades. Implications of these effects were discussed 

considering the information asymmetries between dealers and banks. How banks react to CVA by 

allocating incremental CVA on trade level affecting the incentive compensation of employees was also 

discussed in relation with the findings.  

Whether or not regulators expected banks to dive so deep in reaction to the CVA regulation is 

questionable. But the practice of allocating the impact of CVA on trade level seems to be not only 

harmless but also a neat tool for mitigating counterparty risk on trade level as it should incentivize 

dealers to consider the counterparty risk associated with their deals.  
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9 Appendices 

9.1 Appendix 1: Data & Model Inputs 

See below a list of the first and last observation of the interest rate data as well as information about the 

dataset from FRED.   

Federal Reserve Bank of St. Louis 

  
USD3MTD156N 3-Month London Interbank Offered Rate (LIBOR), based on U.S. Dollar, Percent, Daily,  

  
Frequency: Daily  
observation_date USD3MTD156N 

 

  

  

Date Rate Change

02-01-1986 8,000%

03-01-1986 8,063% 0,06%

06-01-1986 8,125% 0,06%

07-01-1986 8,125% 0,00%

08-01-1986 8,000% -0,13%

09-01-1986 8,188% 0,19%

10-01-1986 8,250% 0,06%

20-02-2019 2,663% 0,02%

21-02-2019 2,651% -0,01%

22-02-2019 2,646% 0,00%

25-02-2019 2,639% -0,01%

26-02-2019 2,629% -0,01%

27-02-2019 2,626% 0,00%

28-02-2019 2,615% -0,01%

01-03-2019 2,599% -0,02%

LIBOR 3-m USD
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9.2 Appendix 2: Exposure Modelling 

9.2.1 Exposure Calculations for each swap 

 

9.2.2 Estimated Exposure output 
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9.3 Appendix 3: Default Modelling 

9.3.1 Deutsche Bank CDS data 

Retrieved from Bloomberg: 

 

Mid quotes at the 1st of March 2019: 

DATE DB EUR SENIOR CURVE 

10Y 204 

7Y 190,91 

5Y 160,5199 

4Y 153,79 

3Y 136,87 

2Y 122,44 

1Y 79,72 

6M 56,52 
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9.3.2 Dansk Bank CDS data 

The CDS data applied was retrieved at the 1st of March 2019. 
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Mid quotes at the 1st of March 2019: 

DANBNK CDS EUR SR 5Y D14 CORP 

10Y 89,66 

7Y 78,975 

5Y 60,87 

4Y 50,79 

3Y 39,76 

2Y 33,21 

1Y 27,7 

6M 24,425   
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9.3.3 Deutsche Bank default modelling 
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9.3.4 Danske Bank default modelling 

 


