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Preface

If you have ever tried to read a finance textbook and bemoaned the fact that your brain starts to wander (or even wonder) after the first paragraph, then we think this book is for you. If you have ever been suckered into paying the best part of £100 for a finance textbook that you have opened only once, then again, we think this book is for you–clearly though for the right reason! If you have ever opened a finance textbook to be told “obviously” when it is patently far from it, then we also think this book is for you.

On the other hand, if you are looking for a heavy-duty academic text, then this book is definitely not for you. There are plenty of those available. Try, for example, An Introduction to the Mathematics of Financial Derivatives by Salih N. Neftci or the classic Options, Futures and Other Derivatives by John C. Hull. A slightly less academic but highly worthwhile read is The Mathematics of Financial Derivatives: A Student Introduction by Jeff Dewynne. Likewise, if you are looking for a cheaper version of one of the popular product handbooks that proliferate the market, put our book back on the shelf right now. It is not for you. We are not planning on discussing mortgage-backed bonds, Munis, REITs or 401Ks.

That is not to say that our book is not rigorous in its descriptions and its workings. It most certainly is. It is just that we want readers to come away from this book with a clear understanding of the intuition behind the theory, some practical examples to aid the understanding of that theory, some shortcuts that can be used to cut to the chase and some jargon-lite explanations of concepts such as PCA and Monte Carlo. As such, this book will be useful for students about to embark on a university course in finance and who want a book that is not dedicated to “squiggly d's” and stochastic calculus. It will also be useful for those people about to embark on a career in finance, whether on a well-structured graduate training course or not.

We have adopted a relative value approach to analysing the fixed income, credit and inflation market. The phrase “relative value” is perhaps most commonly interpreted in a literal sense; the value of one asset relative to another. From this notion the argument extends towards the definition of “value”, which is often expressed as some notion that an asset can be considered cheap or expensive (“rich” in the market jargon). As any regular shopper will no doubt frequently report when they consider something to be a bargain, this notion is expressed with respect to some given benchmark or accepted norm.

This definition of relative value is a valid one, although we will argue that it is also somewhat limiting. Our definition of relative value is therefore “what is the optimal way in which a particular view of the market can be expressed”. To grasp the significance of this definition, consider the following simple example. Let us assume that we are an investor who is looking to earn a return in euros with a minimum degree of credit risk (i.e., the risk that the issuer of a security will be unable to repay its debts). If the investor chose to invest in AAA-rated EUR-denominated sovereign bonds, they would be able to pick between a variety of different countries. In theory, since the currency and the credit risk are identical, all of these bonds should return the same amount for a given yield. The investor may be able to identify one bond that they consider cheap relative to the universe of other assets and so purchase that asset. This type of transaction would conform to the traditional definition of relative value. Using the wider definition of relative value the investor would look at alternative structures that may afford the same exposure but offer a greater degree of return. So, for example, an investor may choose to purchase a bond future or enter into an interest rate swap transaction where they receive fixed or execute an option transaction that will show a profit if market rates move as expected. We will use this framework of spot–forward–swap–optionality as the basis of our trade design as we progress through the different asset classes.

Chapter 1 presents an overview of the different products that will be analysed in later chapters. It is not imperative to go through this chapter slavishly if you are confident of your product knowledge, but we include the chapter for the sake of completeness. Chapter 2 introduces our relative value framework and considers the pricing relationships that exist between the spot, forward, swap and volatility markets. Chapter 3 is essentially an extension of the pricing relationships developed in the previous chapter as it considers the market risk of the different instruments. Chapter 4 considers how the relative value framework can be applied to express trading opinions within a fixed income context. Chapter 5 takes a traditional “cheap/rich” approach to relative value within a sovereign bond context. Chapter 6 looks at different ways to express views on expected yield curve movements. Chapters 7 and 8 apply the relative value framework within a credit and inflation context, respectively. Chapter 9 concludes the text on a slightly light-hearted note by considering some of our favourite trading axioms.

Finally, by the time that you have finished reading this book you will understand why, amongst other things, forward prices are not expected prices (Troy's pet hate!) and why most financial commentators need a little more humility. This book is the result of more than 50 years' combined working in various roles at the coal face of the capital markets rather than in the comfort of academia. We hope that it is worth the journey.
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Chapter 1

Product Fundamentals

1.1 Chapter Overview

In this chapter we consider the features of a number of instruments that will be the focus of subsequent sections. The coverage is not intended to be comprehensive; the aim is to make sure that the reader is armed with sufficient terminology to be able to understand the more detailed concepts that will follow. Pricing and risk management will be the subject of Chapters 2 and 3, respectively.

This chapter starts with a discussion of the main “cash” (i.e., non-derivative) markets of fixed income, inflation and credit. The coverage then widens to incorporate the derivative building blocks, namely futures, forwards, swaps and options. Within this section the material occasionally leans towards the detail of specific products in certain asset classes that are considered key. However, the discussion relating to options is asset class neutral to keep the chapter size manageable.

Readers with a good knowledge of these subjects can skip this chapter but we would suggest a quick skim of the pages just in case a review is needed!

1.2 Bond Fundamentals

A key building block for the first part of the text will be bonds. A bond is an IOU that evidences the indebtedness of a borrower. Borrowers comprise mainly sovereign and corporate entities, although there have been issues made by individuals such as the pop star David Bowie.

1.2.1 Fixed income structures

Although bonds have many different forms we will initially focus on standard (“vanilla”) structures. In return for borrowing a given sum of money, the issuer of the bond will pay a series of contractual interest payments to the owner of the instrument. When bonds were issued in physical form, the owner would detach a small coupon and present this to a bank appointed on behalf of the borrower as their eligibility to receive interest. As a result of this practice, interest payments on bonds have become termed coupons. At the maturity of the instrument the investor will be repaid the value stated on the face of the bond, but this may not be the sum that was originally paid to acquire the asset. This is because bonds are traded on a price basis, which is quoted as a percentage of the face value. Bonds are priced by present valuing all of the future cash flows, but this concept will be considered in Chapter 2. Suffice to say that with a limited amount of any bond in issue, the relative attractiveness of the fixed coupon will be the key determinant of how much an investor will pay to acquire the bond. If a bond has a fixed coupon of 5% but investors could earn a greater return on an equivalent investment (equivalent in terms of maturity and the risk of default), the bond will have to be priced at less than its face value in order to make the investment attractive. If it were priced at say 95.00 and the investor held the instrument to maturity, they would be repaid 100% of the face value and would enjoy a capital gain of just over 5% over the period. The opposite would be true for a bond that has a relatively attractive coupon. Through the interaction of demand and supply, investors will seek to possess the bond, which will drive up its price. If held to maturity the investor will incur a capital loss but will have earned an above-market interest rate. The market uses the concept of a yield, which captures any capital gain or loss in addition to the receipt of a particular coupon.

1.2.2 Floating-rate notes

Floating-rate notes (FRNs) are interest-bearing securities that pay a variable coupon on a regular basis (usually quarterly). The coupon is usually a spread to a given margin relative to an interest rate index such as LIBOR (London Interbank Offered Rate) or Euribor. For example, the instrument may pay 3-month USD LIBOR + 0.15% (15 basis points). The instrument is economically equivalent to a series of consecutive fixed-term bank deposits, where the interest rate is reset on a periodic basis. The fixed percentage margin over the specified interest rate index is referred to as the quoted margin. The quoted margin is a function of the issuer's default risk relative to the interbank rate to which the interest payments are referenced. The better the credit rating the lower the quoted margin and vice versa.

FRN issuance is driven by the desire of the issuer to match their assets and liabilities. For example, banks will tend to be big issuers of FRNs (which will represent a liability) as the assets that the bond proceeds are used to purchase will tend to pay a variable rate of interest (e.g., mortgages). This ensures that if interest rates change, interest costs and income will move in tandem. The concept of banks being able to borrow on a LIBOR basis will become key to much of the analysis that follows. This is because investment opportunities are often analysed based on the return they generate relative to LIBOR. FRN investors will include many different entities:


	Bank treasuries with excess cash who are looking to match floating-rate liabilities.

	Central Banks, retail investors and credit-conscious fund managers will buy sovereign-issued FRNs.

	Money market funds and corporates can earn an enhanced yield compared to alternatives such as cash and commercial paper.



1.2.3 Inflation

Definitions

Although most people would argue that they understand the concept of inflation, both authors have found that in reality a number of market participants often struggle when trying to verbalize a definition. Inflation represents rising prices, deflation falling prices and disinflation is where price increases slow down.

Within the inflation world a nominal frame of reference looks at investments in terms of cash paid without taking into account the loss of purchasing power. So if an item costs €1 today, with 2% inflation it will cost €1.02 by the end of the year. Alternatively we could say that at the end of the year, €1 will only buy 0.98 of the item. How would this relate to bonds? Consider a 1-year bond that pays a principal of €100 plus one interest payment of €5 at its maturity. The real value of this final cash flow will depend on what happens to prices over the period. If an investor expected inflation to be 3% then it will cost €103 in 1 year to buy something that costs €100 presently. However, the bond will pay a cash flow of €105 and so you expect to have €2 of extra purchasing power—a 1.94% increase in purchasing power.

The Fisher equation is used extensively by the market to express the relationship between the yields on nominal bonds and expected inflation. The equation expresses the relationships as:

[image: images/c01_I0001.gif]

where:

n = yield on nominal bond

r = real yield on inflation-linked bond

f = inflationary expectations

p =  premium

However, the market has shortened the expression:
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where:

bei = breakeven inflation

In essence, the formula states that the yield on a nominal bond is made up of three components:


	A required real yield that investors demand over and above expectations of inflation.

	Inflationary expectations over a particular period of time (“breakeven inflation”).

	A factor that captures the combination of a risk premium and a liquidity discount.

	The risk premium is the compensation an investor earns for accepting undesirable inflation risk when holding nominal bonds. One interpretation is that it represents the risk premium demanded by nominal bond investors for unexpected inflation.

	The liquidity discount represents the yield premium that investors demand to hold a less liquid inflation-linked bond.







However, the third component is generally considered to be difficult to disaggregate and so is generally ignored by the market.

The breakeven rate can be thought of as the average rate of inflation that will equate the returns on an inflation-linked bond and a comparator nominal bond issue of the same return. To illustrate how it should be interpreted, consider the following example. Suppose there are a nominal 5-year sovereign bond that is yielding 4.5% and an inflation-linked sovereign bond of the same maturity whose yield on a real basis is 1.5%. Using the principles of the Fisher equation this implies a breakeven inflation rate of 3.0%. An investor could use the value of breakeven inflation to assess which bond should be purchased:


	If the investor expects inflation to average less than 3.0% over the period, they should hold the nominal bond.

	If the investor expects inflation to average more than 3.0% over the period, they should hold the inflation-linked bond.

	If the investor expects inflation to average 3.0% over the period, they will be indifferent between the two assets.



Arguably the difficulty experienced by practitioners in trying to grasp the concept of inflation lies in defining the concept of a real yield. If one looked at the Fisher equation, a simple but somewhat unsatisfactory definition of real yields is simply the difference between nominal yields and inflation expectations. We present three other definitions:


	A real rate of interest reflects the amount earned or paid after taking into account the impact of inflation.

	It is the market clearing rate of return in excess of expected future inflation that ensures supply meets demand for a particular investment opportunity.

	The return for forgoing consumption today to consume more goods and services tomorrow.



Real yields should also:


	Reflect the growth in an economy's productivity.

	Represent the rate at which investments are rewarded. Investments compete for capital on the basis of the real yield they offer given their associated risk.



What can be even more confusing is when real rates of interest become negative, an example of which occurred in the US Treasury market in 2008. This happened when inflation expectations were higher than nominal interest rates. These negative real yields were attributable to:


	Slower economic growth prospects, which lowered rates of expected returns across investments.

	The US Federal Reserve was expected to cut interest rates such that inflation would be greater than nominal rates.

	A “flight to quality” by investors, which drove up the price of government securities, reducing their nominal returns.



So in general terms, negative real yields could occur if:


	An asset is not considered a productive use of capital.

	The asset is attractive but faces excess demand relative to its supply. As a result, its price rises and the nominal return falls.

	The existence of negative real yield can create an incentive to drive capital to other more potentially attractive investments.



Inflation-linked bonds

An inflation-linked bond is one whose value is linked to movements in a specific price index in order to maintain its purchasing power. An inflation index measures the way in which prices change. This is achieved by analysing and recording thousands of prices for a selection of goods and services on a monthly basis. Inflation figures for a particular month are then typically issued two to three weeks later. Some of the goods and services will carry a higher weighting, reflecting the fact that consumers will spend more money on some items than others. The basket and the constituent weightings are revised on an annual basis. The most common inflation index used is the consumer price index (CPI) for the respective country of issue, although each country will typically calculate and quote a number of indices. In the USA the “Treasury Inflation Protected Securities” (TIPS; also sometimes referred to as the Treasury Inflation Indexed Securities—TIIS) reference their return to the consumer price all urban non-seasonally adjusted inflation index. In Europe a common index is the Harmonised Index of Consumer Prices (HICP) for all items excluding tobacco, while the UK mainly uses the Retail Price Index (RPI).

1.3 Repurchase Agreements

One important aspect of the fixed income world relates to how the purchase of a bond will be financed. It would be fair to say that most banks will not have large piles of cash lying around idle and so will look to manage their cash efficiently. The implication is that the cash required to purchase an asset will need to be borrowed and the proceeds from any sale will be reinvested. The most popular technique used in the financing of fixed income transactions is the repurchase agreement or “repo”. A repo involves the simultaneous sale and future repurchase of an asset. The seller of the asset buys it back at the same price at which it was sold. On the second leg of the transaction the seller pays the buyer interest on the implicit loan that has been created. This interest is termed the repo rate.

The main cash flows associated with a typical repurchase agreement are illustrated in Figure 1.1.


Figure 1.1 Repurchase agreements.

[image: 1.1]


A reverse repo is the opposite of a repo. From this perspective the transaction is viewed as the purchase of an asset for cash, with an agreement to resell at some future date. The market distinguishes between two different types of repo in relation to the asset that is transferred. A specific repo involves a bond that is specified by the two counterparties, whereas a general collateral (“GC”) transaction involves a bond that meets some pre-agreed criteria.

Economically, the repo can be viewed as a collateralized loan rather than a pair of securities trades. Legally, however, the transaction is a sale and repurchase, which will have important implications in the event of the default of one of the counterparties. If the securities had merely been pledged, then the default of the repo counterparty would result in the reverse repo counterparty becoming an unsecured creditor. However, the sale and repurchase structure means the reverse repo counterparty has the right of close out and set off—they get to keep the securities in lieu of the money lent. Similar principles would apply if the reverse repo counterparty were to fail.

Repos are quoted on a bid and offer basis. From a quoting institution's perspective a quote may be expressed as:


	Bid
	Offer



	3.98%
	3.92%



	Buy securities
	Sell securities



	Earn interest
	Pay interest




Although the convention of a high bid/low offer price may appear counter-intuitive, it allows for the market maker (i.e., the quoting institution) to make a profit through earning more interest than they would pay if they were able to execute offsetting trades simultaneously.

Appreciating that the transaction economically resembles a collateralized loan gives an insight into the popularity of the transaction. The interest that is payable on the second leg of the transaction will be lower than that of an unsecured borrowing and as a rule of thumb the rate that is agreed by the two counterparties is about 1/8th less than the LIBOR rate of the equivalent maturity.

It is important to appreciate that the legal title of the bonds is transferred to the reverse repo counterparty as part of the first leg of the transaction. This will allow them to sell on the bonds as part of an unrelated transaction if necessary. However, any economic benefit or risk is retained by the repo counterparty. This has a number of implications:


	If the bond issuer defaults over the period of the repo they will receive the security back but will still be forced to repay the price agreed in the first leg of the transaction.

	If the issuer of the bond being repo'd defaults, the repo counterparty will receive back the asset but will still be obliged to pay the original price agreed on the first leg of the transaction.

	If the bond pays a coupon during the period, this will have to be remitted back to the repo counterparty immediately.



Suppose that a bank is bullish on the prospects of the value of a particular bond and decides to use the repo mechanism to finance its purchase. The steps in the transaction are:


	Buy the bond for an agreed value and an agreed cash amount (an outright purchase).

	Sell the bond under repo and receive the market value with an agreement to repurchase the bond at a future date.

	The cash proceeds received from the first leg of the repo are used to settle the outright purchase.

	When the repo matures the bank retakes delivery of the bond and then sells it in the open market to any counterparty.

	The proceeds received from this sale are used to settle the outstanding principal and interest amount due under the repo.



It can be confusing as to why an investor would buy a bond outright and then sell it under repo to pay for it. However, the key to grasping the logic of this trade is to recall that all of the economic benefit of the transaction is retained by the repo seller (i.e., the outright buyer of the bond). So as long as the final sale generates sufficient cash to cover the initial purchase and the interest on the repo, the transaction will show a profit.

A similar procedure could be used if the market participant thought that a particular bond was going to fall in value:


	The target bond is purchased under a repo transaction.

	The bond is sold to a market participant in an outright sale.

	At the maturity of the repo the trader buys back the bond in the market to satisfy his commitment to redeliver the bond under the second leg of the repo.

	The proceeds of the repo (initial price plus interest received on the cash leg) are used to pay for the purchase of the bond.



As in the bullish scenario, as long as the cash received from selling the bond is greater than the cash paid to buy it, the transaction will be profitable.

Although this section is designed to give the reader an awareness of the key issues associated with a repurchase agreement, there is one particular aspect of the market that is worth highlighting. On occasion certain bonds will be in very high demand in the market and as a result the asset will “go on special” in the repo market. The excess demand for the bond may occur as a result of traders being very bearish in relation to a particular issue and there is significant demand to obtain the bond using the repo mechanism. Another example, which will be considered later, is that the bond futures contract may require a particular government bond to be delivered if it is held to its final maturity.

The impact of specialness in the repo market will result in repo rates going down. Intuitively, it would seem that the relative scarcity of an asset would cause rates to rise, but this is not the case. The participant who needs to take delivery of the asset will buy it under repo and deliver cash in return. Given the scarcity of the asset the cash that he has now lent out will only earn a very low rate of interest; this is the “cost” he must pay. Looked at from the repo seller's perspective, if they own the asset, they are able to profit from its scarcity by borrowing money at very low rates of interest. Depending on the level of demand for the asset, it is possible for the repo rate to turn negative; that is, the buyer of the bond in the repo transaction gets back less cash than they initially forwarded. This would occur if the penalty costs for failing to deliver are greater than the reduction in their repo proceeds.

1.4 Credit Fundamentals

One fundamental distinction made in the fixed income world is the importance of credit risk. This is defined as the risk that an entity will be unable to repay interest or principal due on monies that have been borrowed. The probability that an issuer will repay a particular debt is assessed by independent rating agencies, of which Standard and Poor's, Moody's and Fitch are examples. For example, Standard and Poor's defines a credit rating as an “independent opinion of the general creditworthiness of an obligor or an obligor's financial obligation based on relevant risk factors”.1 Each of the rating agencies applies different methods to assess this creditworthiness and express it using a mixture of letters and numbers. For example, Standard and Poor's express credit ratings for both short and long-term instruments. For long-term credit ratings, the AAA designation reflects the strongest credit quality while D reflects the lowest. It is also possible to add a degree of granularity to the credit ratings by adding a plus or minus sign to show the relative standing with the major rating categories from AA to CCC.2 Obligations rated as BBB– or better are termed by the market as “investment grade”, while ratings lower than this threshold are termed “high yield”. This is an important distinction, as some investors may have restrictions on the nature of the assets in which they can invest.

From a market perspective an investor who buys a bond with a certain element of credit risk is rewarded in the form of an enhanced return. That is, they will earn a certain percentage amount over and above the so-called default-free return. This enhanced return is referred to as a credit spread. A generalized approach to estimating this spread can be stated in the following relationship:
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However, there are a number of different ways in which this credit spread is measured, and this will be addressed in Chapter 3.

1.5 Derivative Fundamentals

A derivative is defined as an instrument that derives its value from the price of an underlying asset. The three main building block instruments that comprise the derivative world are forwards/futures, swaps and options. So, taking crude oil as an example, the market trades crude oil futures and forwards, crude oil swaps and crude oil options. Derivatives can be traded on an organized exchange or directly between counterparties on an over-the-counter (OTC) basis.

1.5.1 Futures

A future is an exchange-traded contract that fixes a price on the trade date for delivery of an asset at some future time period. An interest rate future fixes an interbank rate for some future time period—say the 3-month rate in 3 months' time. A bond future fixes the price of a bond for delivery at some future time period. An example of a bond future referenced to German sovereign Bunds is given in Table 1.1.

Table 1.1 Contract specifications for Euro Bund future


	Trading unit
	€100,000 nominal value, notional Bund, 6% coupon



	Delivery months
	March, June, Sept, Dec



	Delivery day
	The 10th calendar day of the respective delivery month (at seller's choice)



	Quotation
	Per €100 nominal (in decimals to 2 places)



	Minimum price movement
	0.01 (1 tick = €10)



	Last trading day
	11.00 a.m., two trading days prior to delivery date




Source: Eurex.

Although the detail of the Bund future will be considered later, there are a number of general features that are worth highlighting:


	Futures are generally traded in fixed amounts (€100,000 in this case), although there are exceptions to this such as futures on equity indices. The monetary value of this type of future changes in line with the value of the index.

	The contract is linked to a specific underlying asset so that both counterparties know exactly what will be delivered.

	Upon expiry of the contract the underlying can be delivered according to an agreed schedule of dates (in the case of the Bund it expires on the 10th calendar day of March, June, September and December).

	The underlying asset may be physically delivered (e.g., Bund futures) or cash settled, where the nature of the underlying asset makes it operationally impractical (e.g., FTSE 100 equity index).

	The smallest price movement is predefined by the exchange and is referred to as a “tick”. This tick movement will have an associated monetary value. In the case of the Bund, since the contract size is €100,000 and the tick is defined as 0.01%, the tick value is €10.



Another feature of exchanges is the requirement of both counterparties to post collateral. Termed “margin”, this is generally seen in two forms. Initial margin is posted at the outset of the trade, while variation margin is the mechanism whereby profits and losses are transferred between entities on a daily basis. To facilitate the settlement of exchange-traded contracts, a central clearing house will act as the counterparty to both sides of the transaction. So once a transaction is executed between two entities, the clearing house will become the buyer to every seller and the seller to every buyer. This feature removes the counterparty credit risk that would result if a transaction were executed on an OTC basis. However, it is clear that this argument is somewhat flawed in that each original party to the trade has merely transferred its credit exposure to the clearing house. However, the clearing house is often very heavily capitalized in order to mitigate this potential default risk.

1.5.2 Forwards

A forward contract is economically equivalent to a futures contract in that it will involve the fixing of a price at the point of execution for delivery at some future date. An entity trading an OTC forward will not be faced with the constraints of contract standardization that are a feature of exchange-traded contracts. Forwards allow the user greater flexibility in specifying deal parameters such as transaction size and maturity dates. Although something of a generalization, the majority of forward contracts will be cash settled. So, a cash-settled bond forward would fix the price of the bond for future delivery but the final settlement would not require the exchange of the asset for cash. Instead, the seller of the contract will pay a cash sum equal to the current market value of the bond and the buyer will pay the fixed price originally agreed upon. A forward deal is a contractual commitment which cannot be terminated unless both parties to the deal agree mutually to end the transaction.

Forward rate agreements

A forward rate agreement (FRA) is an OTC transaction that fixes a single interest rate for a single period at an agreed date in the future. The start of the period the rate will be fixed for and its length are negotiated between the contract buyer and seller. So an FRA transaction that locks in the 3-month rate in 3 months' time is referred to as a 3/6 or 3s6s transaction. The first number indicates the effective date of the transaction, the final number the maturity and the difference between the two indicates the tenor of the interest rate that is being fixed. Interest rate tenors will typically reflect those most commonly traded in the cash markets and so will have a maximum maturity of 12 months. The effective and maturity dates for FRAs could extend as far as 5 years depending on the currency.

These instruments have never been adopted by the corporate community to hedge exposures and are arguably most often used by traders as a way of expressing a view on expected short-term interest rate movements. Schofield recalls a conversation with an FRA trader where the dealer pointed out that he created his quote based on where he thought the Central Bank rate would be at some future date (plus a few basis points to reflect the difference in credit risk).

These instruments are quoted on a bid and offer basis and so a hypothetical quotation could be:


	3/6
	3.11%–3.12%



	6/9
	3.15%–3.16%



	9/12
	3.25%–3.26%




The interpretation of the quotation from a market maker's perspective is:


	Bid
	Offer



	Buy FRA
	Sell FRA



	Pay fixed rate
	Receive fixed rate



	Receive LIBOR
	Pay LIBOR




From this quoting convention we can start to see that an FRA is a contract for difference, which involves an exchange of cash flows. On the trade date the parties to the deal agree a fixed contract rate for an agreed future period and then will make or receive compensation depending on the actual level at which LIBOR settles. As we will show in the next section, an FRA can be thought of as a single-period interest rate swap.

To illustrate the concept, consider the following example. Suppose that 3-month interbank rates are 3.00% and the market believes that Central Bank rates will increase over the next year. The trader sees the market quoting a 9/12 rate as 3.25%–3.26%. He believes that actual 3-month rates in 9 months' time will be lower than this and so decides to sell the FRA at the bid price of 3.25% (he is a market user not a market maker) on a notional of USD 10m. This will contract him to receive 3.25% and pay the prevailing LIBOR rate in 9 months' time. If market rates evolve as per his view (i.e., 3-month LIBOR is lower than 3.25%) he will end up being a net receiver of cash.

Let us say that 9 months later, the 3-month LIBOR rate fixes at 3.20%. The parties to the FRA agreement can calculate the settlement amount due. The market user who sold the contract expects to be a net receiver of 5 basis points per annum on a USD 10 million notional amount. However, there is something of a quirk in the settlement convention.

Normally, interest rate contracts will settle in arrears but in the FRA market the settlement takes place as soon as LIBOR fixes. This means that the recipient of the cash flow has use of the funds in advance of normal market practice and as a result the settlement amount is present valued. The discount rate is the same LIBOR rate used in the numerator of the equation. The contract settles according to the following formula:
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The +/− signs are used to indicate if the participant is a receiver (+) or payer (−) of a particular rate. This will quickly allow the participants to decide who will be the receiver or payer of the cash settlement. Since interest rates are quoted as a percentage per annum it is necessary to pro rate the settlement according to the tenor of the interest rate. The day basis will either be 360 or 365 depending on the currency of the transaction.

So in our example the settlement amount would be:
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The calculation assumes an exact 90-day quarter.

1.5.3 Swaps

Interest rate swaps

In its most basic form an interest rate swap consists of a periodic exchange of cash flows with one referenced to a fixed rate while the other is referenced to a floating rate of interest, such as a particular maturity of LIBOR (Figure 1.2). Swaps are traded on a notional amount basis, which is usually fixed. The notional amount of a swap is merely a reference value and does not represent an actual cash flow. It will simply determine the magnitude of any cash flow that is subsequently exchanged. Swaps are typically long term, with maturities that may extend out to 30 or 50 years. Although the deals have a long-term maturity, the exchange of cash flows will take place on a more frequent basis. The cash flows are calculated on a simple interest basis and are paid in arrears. Each market has adopted its own conventions as to the frequency of these payments. For example, in the USD market the convention is a semi-annual payment of fixed for a quarterly payment of LIBOR. Where the payment dates coincide, it is market convention for the cash flows to be netted. However, since the transaction is OTC, all of the terms and conditions are negotiable and so there are many different variations of the simple vanilla “fixed/float” structure.


Figure 1.2 Illustration of fixed vs. floating interest rate swap.
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To illustrate the principles involved, let us assume that both fixed and floating are paid semi-annually, with the rates for the period being 5.00% and 4.50%, respectively. We will assume that the cash flows are denominated in GBP, the notional amount is £10 million and that in the 6-month period there are 182 days.

The fixed cash flows will therefore be:
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The floating cash flows will be:
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Since the two payments coincide, there will be a net payment of £24,931.51 in favour of the receiver of fixed.

Swaps are quoted on a bid–offer basis. So if we were to analyse a typical quote from the perspective of a market maker (i.e., the institution giving the quote), it may look as follows:


	Bid
	Offer



	4.5050%
	4.5450%



	Pay fixed
	Receive fixed



	Receive LIBOR
	Pay LIBOR




A market user (i.e., the institution requesting the quote) would interpret the same values in the opposite manner. The key learning point from this is that the quotation is given in terms of the fixed rate. Since many investment banks will be running “matched positions” (i.e., they will try and structure their portfolio such that they will have a mix of pay and receive positions that are profitable overall), the LIBOR cash flows are assumed to cancel out.

Some practitioners will also say that they are “long” or “short” the swap. This is not our favoured quoting convention but for the sake of completeness, we include a short explanation. At the bid price the market maker is said to be “long” the swap—it is a “buying” position. However, the convention assumes that the market maker is buying a stream of LIBOR cash flows, for which they will pay a single fixed rate. By the same logic the offer price represents a short or “selling” swap position in that the market maker is delivering a stream of LIBOR cash flows for which their compensation is a single fixed price.

Schofield recalls one swaps class where an experienced swaps dealer disagreed vehemently with these definitions, stating that the entire swap market-making community defined “long” and “short” in the opposite way. After a flurry of phone calls, which yielded no consensus, he realized that he had been arguing at cross purposes with the participant. It would seem that some market makers reasonably viewed the offer side of the market as similar to buying a bond. The buyer receives a fixed coupon and finances the purchase at a LIBOR cash flow. Hence at the offer side of the quote perhaps it would be more helpful to describe a market maker as being long the market (as opposed to the swap) and being short the market at the bid price. It is no shame to use the terms “pay and receive fixed” to describe one's intention, and will ensure no costly mistakes are made!

It is also worth mentioning one other aspect of swap quotes. The customer may well end up paying more or receiving less than the quoted interbank rates as many banks will apply a dealing margin. There are two main factors that will impact the margin, which comprise the liquidity and credit charge. The liquidity charge is the “cost” of hedging the interest rate risk of entering into a single swap. It may not be possible for the bank to immediately offset the risk of a new swap by entering into an equal and opposite position. Alternatively, if the swap transaction is executed on a large notional amount, it may be difficult to hedge the entire position with one transaction. The credit charge has become more important in recent years and has recently become termed the “credit value adjustment”. In simple terms, if there is a greater risk of a client defaulting this will have to be reflected in the price that they pay. Most interbank and hedge fund clients will have cash collateral agreements and so the credit charge may be fairly small. But if the collateral they provide is of lower quality or less liquid there will still be a credit charge, although this will be less than that applied to unsecured accounts.

In the next chapter we will show that there is a linkage between swaps and financially settled forwards in that a swap can be thought of as a multi-period, cash-settled forward contract, executed at a uniform fixed rate.

Asset swaps

An asset swap is a combination investment package where an investor buys a fixed-rate bond and simultaneously enters into a “pay fixed” interest rate swap. Asset swaps can be structured in a number of ways, the details of which will be covered in Chapter 5. Here we will consider one variation, which is the “par in, par out” (or just “par–par”) structure. Here the investor pays 100% of the face value of the bond (i.e., its par value) at the start of the transaction, holds the bond to maturity and then receives par from the issuer at maturity. If the market value of the asset is anything other than par at the point of purchase this will create an advantage to either the buyer or seller. If the bond is trading below par this means the investor will be disadvantaged as he will “overpay” for the bond. For bonds that are trading at a price greater than their face value this bestows a cash flow advantage on the investor (i.e., if the bond is trading at 120 the investor only pays 100). The second element of the asset swap structure is that the fixed rate on the swap is set equal to the coupon on the bond. Again, since it is unlikely that these two parameters will be exactly equal it will create an advantage for one of the parties.


Figure 1.3 Asset swap package.
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Figure 1.3 shows the cash flows associated with an asset swap and gives a visual depiction of the rationale for entering into this type of transaction. Since the fixed coupon on the bond and the fixed rate on the swap are equal and opposite to each other (and have the same maturity), the cash flows have no net economic impact on the investor. As a result, the investor owns a structure that pays them LIBOR plus or minus a spread, which makes the structure economically equal to a floating-rate note.

In the previous section we had shown that the majority of interest rate swaps involved a LIBOR cash flow without any associated spread. However, in the asset swap package the spread to LIBOR acts as a balancing mechanism to ensure that any advantage or disadvantage incurred as a result of the investor paying par and entering into an off-market swap is returned over the life of the deal. In this way the entire package will then become an equitable exchange of cash flows.

An asset swap structure has more credit than interest rate exposure. Suppose that interest rates were to rise. The bond element of the structure would lose money but since the investor is paying fixed on a swap, this deal now becomes a more attractive transaction and will therefore increase in value. As a result, the two elements more or less cancel each other out. The same effect in the opposite direction would happen for a fall in interest rates. However, if interest rates remain unchanged but there is a perception that the issuer is more likely to default then the bond element will lose value with no offsetting profit on the swap. Overall there will be a net loss.

There are a number of reasons why an investor may wish to enter into an asset swap package:


	They may wish to reduce the market risk of holding a fixed-rate bond (bond market risk will be covered in Chapter 3).

	Since floating-rate notes offer an investor credit exposure rather than interest rate exposure, the investor may wish to take a view on how this component will evolve.

	The corporate entity to which the asset swap is linked does not have any floating-rate debt in issue and so the investor may have to create this synthetically using the asset swap.

	If the fixed-rate bond is trading cheap to its fair value then asset swapping the asset will create an attractively priced FRN.

	It is possible to buy a fixed-rate bond in, say, USD and asset swap it using a currency swap where the fixed rate is also USD but the LIBOR cash flows are denominated in, say, EUR.



Overnight index swap

An overnight index swap (OIS) is an interest rate swap where the floating leg of the swap is equal to the average of an agreed overnight index such as SONIA or EONIA (see Appendix 2.8 for more detail on these indices). As we will show in Chapter 2, the fixed leg of the swap is set at such a level that the transaction will be considered an equitable exchange of cash flows.


Figure 1.4 Overnight index swap.
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Figure 1.4 shows one simple application of the swap. A bank has agreed to take money on deposit on a fixed rate but can use the swap to transform the nature of their interest rate risk. They enter into an OIS where they receive a fixed rate and pay an overnight index rate. If we assume that the two fixed rates cancel out then the bank accepting the deposit has acquired the funds and on a net basis is paying the overnight index rate. For deals with a maturity of less than one year, the fixed versus compounded floating payments are exchanged at maturity. For OIS transactions of greater than one year the payments are exchanged annually.

Credit default swaps

A credit default swap (CDS) is a bilateral contract that allows one entity to buy protection against the possibility that a particular reference entity (or basket of reference entities) will suffer a specific credit event. The buyer of this credit protection pays a fixed premium that is typically paid quarterly (although some markets pay semi-annually) to a protection seller. The protection seller will agree to “make whole” the protection buyer by agreeing to pay an amount of compensation if the agreed credit event occurs. The fee that the protection buyer agrees to pay is referred to as a premium or a spread. Upon the occurrence of the credit event the premium payments stop and the contract will terminate. The buyer of protection is considered to be short the credit risk as economically their position is equivalent to selling the credit risky asset. The protection seller is long the credit risk; similar to the buyer of a bond they are accepting the risk that a particular entity will suffer a credit event and are being paid a regular cash flow as compensation. By convention the protection seller is sometimes termed an investor as this position can be viewed as being economically equivalent to buying a bond.

Diagrammatically the CDS can be represented as in Figure 1.5.


Figure 1.5 Credit default swaps.
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In the credit fundamentals section of this chapter (Section 1.4) we derived an intuitive approach to pricing credit that suggested the magnitude of the spread was a function of the expected loss and the probability of default. In the USA and Europe, CDS trade with fixed coupons: 100 and 500 basis points for the USA; 25, 100, 500 and 1000 basis points for Europe. Higher-yielding names will trade with higher coupons, while investment grade names will trade with lower coupons. These coupons will not necessarily reflect the current market value of the spread and so an upfront cash adjustment will be necessary. Suppose an investment grade name is trading with a fixed coupon of 100 basis points but the market believes that the current value of the spread is 90 basis points. The buyer of protection will be required to pay the spread on a quarterly basis but is locking into a value that is 10 basis points higher than the market spread at the time the deal is executed. As a result he will receive an upfront cash adjustment of 10 basis points per annum, discounted to reflect the time value of money and the probability that the company may default. This is covered in more detail in Chapter 3.

Two quoting methods have evolved for single-name CDS transactions. For investment grade names, the quote is given in terms of a “par spread”. In effect this spread is a reflection of the market's current perception of the creditworthiness of the reference entity. Once the trade is executed, an upfront adjustment is paid or received and all subsequent cash flows are based on the agreed fixed coupon. For high-yield names the quotation is given in terms of “points upfront” but again all subsequent cash flows are executed on a fixed coupon basis. There is a standard market methodology to convert between par spreads and points upfront.

Originally, physical settlement was the norm upon the advent of a credit event and it required the protection seller to deliver the agreed notional amount of the transaction to the protection buyer. In return, the protection buyer delivered an asset issued by the agreed reference entity that conformed to the terms of the agreed contract. This could have been a defaulted asset or a non-defaulted asset that was considered pari passu. Physical settlement was preferred because banks typically ran a “matched position”, i.e., they held an offsetting position with identical terms and conditions. As a result, if a credit event were to occur, physical settlement would allow the bank to pay and receive the notional amounts on the offsetting contracts and receive and deliver the agreed obligation. In this situation there is no price risk on the delivered obligation as long as the notional amounts on the transactions were equal. The market value of the delivered obligation was irrelevant as the notional amounts that are associated with the trades are for a fixed monetary value and the transfer of the obligation involves nothing other than a change of title of an asset.

Cash settlement was less popular as a bank holding a matched position would be subject to price risk. In the early days of the market, if a credit event were to occur, unless the institution were able to ensure that the settlement of both legs coincided there was no guarantee that the value of the delivered obligation on one side of the transaction would match that of the obligation received.

As the CDS market grew, inevitably the total notional amount of outstanding transactions outstripped the supply of outstanding obligations. This meant that if a credit event occurred, the protection buyers (who are not obligated to actually own obligations issued by the reference entity) often encountered difficulties in sourcing the required obligations. To avoid the introduction of price risk in the settlement of the CDS contract the market has now moved to an auction process where a panel of traders agree on a post-default value of the deliverable obligations. This single value is then used by all market participants, removing the potential price mismatch.

The CDS contract has a number of key characteristics.

Reference entity: It is very important for the two counterparties to agree the exact legal entity on which protection is being bought or sold.

Reference obligation: Stated in the deal confirmation is a debt obligation issued by the reference entity that identifies the exact nature of the credit risk being transferred. This is because different obligations within a capital structure will have different degrees of credit risk depending on the amount that would be recovered by the lender in the event of a default. Typically the reference obligation represents the senior unsecured portion of the reference entity's capital structure, but some transactions may be based on a different component (i.e., subordinated debt) in order to express a different view. Knowing the reference obligation will allow the contracts to be fairly priced (as the price must reflect the potential loss to the protection seller) and will also determine the nature of the asset that will be delivered if a credit event is activated.

Credit events: The market participants will agree a number of market standard events that will cause the contingent compensation to be paid by the protection seller. These are:


	bankruptcy

	failure to pay

	restructuring (of which there are different variations)

	obligation acceleration/default

	repudiation/moratorium (for sovereign reference obligations).



Not all contracts will include all of the default terms. Over time, each market has developed particular conventions as to which terms should be included. For example, in the USA the convention is to trade bankruptcy and failure to pay.

Obligations: Once the credit events have been specified the entities must agree the population of the issuer's obligations that could lead to a credit event being triggered. The market standard is typically “borrowed money” (although there are differences between markets). This is defined to include such things as bonds, loans and certificates of deposit.

Deliverable obligations: If a credit event is triggered and the deal is physically settled then the protection seller will deliver a cash sum equal to the agreed notional amount. In return the buyer will be required to deliver an acceptable asset issued by the reference entity. This need not be the reference obligation as the supply of this component may be limited. As a result, the market allows for some leeway in terms of the actual asset. Although a number of criteria apply, the most significant is that it should not be subordinated to the reference obligation as those assets possess a different degree of credit risk.

In recent times the credit derivatives market and principally the CDS component have experienced considerable growth. The spread of the CDS is viewed by market participants as representative of the “pure” credit risk of a particular reference entity. As such it is now used as a benchmark to assess and price credit risk in the bond markets. CDS instruments will trade with many different maturities even where there is no debt of an equivalent maturity. This has given rise to the concept of the credit curve, which is a representation of CDS spreads of different maturities.

1.5.4 Vanilla options

An option is a contract that gives the holder the right but not the obligation to buy or sell an asset at a pre-agreed price in the future. Essentially, it is a forward contract that allows the buyer to walk away if at maturity the market rates that prevail make execution of the deal unattractive. An option that gives the holder the right to buy an underlying asset is referred to as a call option, while the right to sell the asset is referred to as a put option. The price at which the counterparty agrees to deal is referred to as either the strike rate or the exercise price. When the buyer (“holder”) of the option can use the option is a function of whether the contract is European, American or Bermudan (“semi-American”) in style. A European-style option allows the holder to exercise the option only at expiry. An American-style option allows the holder to exercise the option at any time prior to its stated maturity. A Bermudan option allows the holder to exercise the option according to a pre-agreed schedule of dates.

The decision to exercise the option will depend on whether the option is in-, out-of- or at-the-money. An in-the-money (ITM) option is an option where the strike rate is more favourable than the underlying price. If this were the case it would be logical to exercise the option. An out-of-the-money (OTM) option is one where the strike rate is less favourable than the underlying price and so the option would not be exercised. An at-the-money (ATM) option is one where the underlying market price is equal to the strike price. In this case the holder would be indifferent as to whether they would exercise the option.

Assume an investor buys a 3-month European-style call option on an asset which is trading at a price of 100. Suppose that the strike rate for the option is also 100 and that the agreed premium is 5 units. If at maturity the underlying asset is trading at 90, the holder would not exercise the option to buy at the strike. The option would lapse as it is OTM and their losses would be equal to the premium paid. If the underlying asset was 110 at expiry, the holder would exercise the option. They would deliver a cash amount equal to the strike (100) and take delivery of the asset, which has a current value of 110. As a result they would have a profit of 5 units. This is calculated as the difference between the strike price of the option (100) and the expiry value of the underlying asset (110), less the premium paid (5). Note that if the underlying asset is between 100 and 105 at maturity the option would still be ITM as a result of our definition; however, the holder will not have broken even. The holder would still exercise the option as in this range of prices they will be seeking to minimize their losses and recoup some of the premium paid. An option seller is faced with a profit and loss profile opposite to that of the buyer. If the option is not exercised they will retain the premium but their losses will increase as the underlying price rises. However, the use of the terms ITM, OTM and ATM would remain the same and they are defined by convention from the buyer's perspective. So, if the underlying price is 90 at the expiry of the option, the option is OTM but is the preferred outcome from the seller's perspective.

The outcome for the buyer of a put with the same characteristics as the call would follow similar principles. However, a put option will be ITM if the strike price is greater than the underlying price, and OTM if the strike price is less than the underlying price. 


Figure 1.6 Profit and loss profiles for options at expiry.
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From the profiles illustrated in Figure 1.6, it can be seen that for buyers of options, the maximum loss can never exceed the premium paid. The buyer's maximum loss represents the maximum profit that could be made by the seller of the option. The maximum profit for the option buyer appears to be unlimited, which is true for the call profile but not for the put. The maximum payoff on a put option is the difference between the strike rate and zero as the price of the underlying asset cannot go negative. Selling options can lead to unlimited losses for sellers of calls and significant losses for put writers, with the latter's losses “benefiting” from the restraint of a zero price boundary.

The payoff of calls and puts at expiry is often represented using the following expressions:
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So for the holder of the call option the payoff will be the greater of either the underlying price less the agreed upon strike, or zero. For the holder of the put option they will exercise the option if the strike rate less the underlying price is greater than zero. These expressions do not measure the profit or loss of the position as they do not take into account the premium paid.

The premium is normally paid at the outset of the option and will be expressed in the same units as the underlying asset. So, if the option is referenced to an interest rate the premium will be paid in percentage points; crude oil options will be expressed in USD per barrel while options on equity indices will be quoted in index points.

Interest rate options

The two most common types of option within the interest rate world are cap/floor structures and swaptions. A cap structure is a strip of OTC interest rate call options on a series of forward rates, all traded with a single strike. The cap gives the buyer protection against an agreed index or reference rate such as LIBOR of a stated maturity rising above a pre-agreed strike rate. The term “cap” is the collective name for the component options, which are individually referred to as caplets. The premium payable on a cap structure is simply the sum of the individual caplet premia. It can be paid as a lump sum upfront or amortized over the life of the transaction.

Suppose that a company has taken in USD 100m for a period of 2 years on which 3-month USD LIBOR is payable. The Treasurer decides to insure himself against the possibility of an unfavourable rise in rates and so buys a 2-year cap referenced to 3-month LIBOR. Although the underlying transaction covers eight 3-month periods, there are by convention n − 1 options, i.e., seven caplets. This is because LIBOR interest rates are always set at the start of the period to which they apply but any associated payment is made at the end. As a result it would be impossible to buy protection against a known interest rate for the first period of the cap structure. The payoff on a cap for any single period is:
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If we were to assume that the previously mentioned borrower agreed a strike rate of 5.00% and that in the second period, 3-month LIBOR fixed at 5.25%, then assuming a 92-day period and a 360-day year they would receive a sum equal to:
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This could be used to offset the cost of the underlying borrowing which would now incur an interest charge of 5.25%. Similar to the underlying loan the payout on the cap would be known at the start of the quarter but payable in arrears. The net cash flows received under the cap combined with the payment on the underlying loan would result in a net interest cost of 5.00%—equal to the strike on the option. If the value of LIBOR had been equal to or less than the 5.00% strike rate then there would be no receipt under the terms of the option. The borrower would let the option lapse and enjoy the benefits of borrowing at a lower rate.

A floor gives the holder the protection again an agreed reference rate of interest falling below a pre-agreed strike. Again, a floor is a collective name for the component options which individually are referred to as floorlets. The mechanics of the floor are the same as the cap, but the payoff to a holder would only occur if the reference interest rate was less than the strike rate:
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Swaptions

A swaption is an option that gives the holder the right but not the obligation to enter into an interest rate swap. A payer swaption allows the holder to pay fixed in a swap of a predefined maturity and so the buyer of a payer swaption would benefit if rates were to rise. A receiver swaption allows the holder to receive fixed in an interest rate swap and would benefit if rates were to fall. The different permutations are shown in Table 1.2.

Table 1.2 The positions that result from the exercise of swaptions


	
	Receivers
	Payers



	Buy
	Right to receive fixed on an interest rate swap
	Right to pay fixed on an interest rate swap



	Sell
	Obligation to pay fixed on an interest rate swap
	Obligation to receive fixed on an interest rate swap




If one were to draw the “hockey stick” at maturity payoffs for these options similar to those documented in Figure 1.6, the purchase of a payer swaption would resemble a long call, while the purchase of a receiver swaption would resemble a long put option. There is a slight difference in that the non-horizontal part of the profile will display some curvature as the instrument into which the option is exercised exhibits a non-linear profit and loss profile (the pricing of swaps is explained in greater detail in Chapter 2).

Although there are exceptions, the majority of swaptions are cash settled at expiry. So, rather than enter into an actual interest rate swap the buyer will receive the current market value of an interest rate swap with a fixed rate equal to the strike of the swaption. Swaptions are quoted in terms of the option maturity followed by the tenor of the swap. For example, an option to enter into a 5-year swap, 1 year in the future, would be written as 1y × 5y or “1 into 5”.

1.5.5 Exotic options

The description of options has so far concentrated on those that are classified as being “vanilla”, which means that their expiry profit and loss profiles at maturity conform to those shown in Figure 1.6. However, there is a larger family of options that are designated as being exotic. Somewhat unhelpfully, the only definition of an exotic option is one whose profit and loss expiry profile does not conform to the four vanilla building-block positions. The two most common exotic options are barriers and binaries.

Barrier options

A barrier option is an option that has an additional price performance feature, sometimes referred to as a trigger, which if hit by a movement in the spot price will result in an option position being either activated (“knocked in”) or deactivated (“knocked out”). Although not universally adopted language, it is useful to classify barrier options in terms of the position of the barrier in relation to the spot price. A standard barrier option is one where the barrier is placed in the OTM region. A reverse barrier option represents an instance where the barrier is placed in the ITM region. Within either of these two categories it is possible to categorize the structure according to whether it is knocked in or knocked out, and then according to whether it is a call or a put. This results in 16 different permutations, which are shown in Table 1.3. It is possible to extend the number to 32 by distinguishing between buyers and sellers, but we will restrict our analysis to the 16 key positions. It is market convention to refer to these barrier options using terms such as “down and out”. Take, for example, a standard knock out call option. Suppose an option has a strike rate of 100 and a barrier at 90. Unless the spot rate trades at 90 prior to maturity, the option is for all intents and purposes a European-style call option. As soon as 90 trades, the option position is terminated and no further rights or obligations accrue. Hence the name; if the spot rate goes down, the option position gets knocked out.

Table 1.3 Taxonomy of barrier option positions
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Arguably the main motivation for executing a barrier option is one of cost. Although an extensive treatise on barrier pricing is beyond the scope of this book, since there is a possibility that the option will either survive or be terminated the price of a barrier option will always be cheaper than that of an equivalent European-style contract.

Binary options

A binary option is also sometimes referred to as a “digital”, “all or nothing” or “bet” option. If exercised, the structure will pay out a fixed sum irrespective of how deeply the option is in-the-money. There are some variations on this basic description. An “at expiry” binary option is a European-style option that pays out a fixed amount only if the option is ITM at expiry. Since the payout at maturity is limited to a fixed amount, they will be cheaper than an equivalent non-binary option. A “one touch” option is an American-style digital option, which pays out a fixed amount at the point that the strike is hit, which could be any time prior to expiry. A “no touch” option is a digital option that pays out a fixed sum at expiry if the underlying price does not touch the strike.

Depending on their style, digital options may or may not be path dependent. Path dependent means that the magnitude of the option's payout is affected by the movement of the underlying price prior to expiry. One touch and no touch options are path dependent and will cost more than the European digital. As a rule of thumb, American-style digitals will cost twice as much as European digitals due to the increased probability of exercise.

Since the option has a fixed payout and a fixed premium cost there is no need to have a principal amount. The premium is often quoted as a percentage of a 100% payout. So if the trader wished to have a payout of USD 1m, the premium might be quoted as 10% (USD 100,000). Somewhat confusingly, the strike rate on a binary option may be referred to as a “barrier” and the words call and put may be replaced by “up” and “down”. Reference is also made to “knock ins” and “knock outs” for touch and no touch structures, respectively.





Chapter 2

Pricing Relationships

2.1 Relative Value

The phrase “relative value” (RV) is most commonly interpreted by practitioners in a literal sense; the value of one asset with respect to another. In isolation, the term “value” is typically used when describing an asset that is believed to be either cheap or expensive (“rich” in the market jargon). As any regular shopper will no doubt testify, when considering if something is a bargain it is usually measured relative to some benchmark or accepted norm.

This definition of relative value is a valid one, although we will argue that it is also somewhat limiting. Our definition of relative value is therefore “what is the optimal way in which a particular view of the market can be expressed”. To grasp the significance of this definition, consider the following simple example. Let us assume that we are an investor who is looking to earn a return in euros with a minimum degree of credit risk. If the investor chose to invest in AAA-rated EUR-denominated sovereign bonds, they would be able to pick between a variety of different issuers. In theory, since the currency and the credit risk are identical, all of these bonds should return the same amount for a given yield. Using the traditional definition of relative value, if the investor were able to identify one bond that they considered cheap relative to the universe of other equivalent assets (i.e., it has a higher yield), it could represent a potential purchase. Using the wider definition of relative value the investor would look at alternative structures that may afford the same exposure but offer a greater return. In addition to buying the underlying instrument, an investor should also consider if their return could be further enhanced by:


	Purchasing a bond future.

	Receiving fixed in an interest rate swap.

	Executing an option transaction that will show a profit if market rates move as expected.



We will use this framework of spot–forward–swap–option as the basis of our trade design as we progress through the different asset classes. Another interpretation of RV relates to the notion of arbitrage. This term has been subject to misuse over time and so it is worth defining it to ensure consistency. True arbitrage is said to occur when an asset is trading at two different prices in the same market. This allows the asset to be bought and sold at a risk-free profit. Although there is clearly nothing wrong with arbitrage, it is not our intention to include this concept within our definition of RV.

2.2 The Relative Value Triangle

At the core of the analysis is our relative value triangle (Figure 2.1), which gives a visual description of the relationships that exist between the four core components of any market.


Figure 2.1 The relative value triangle.
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The triangle can be interpreted either as a way of representing pricing relationships or to identify trading opportunities. Without wishing to get ahead of ourselves, the following is a brief overview of the direction the chapter will take and considers the nature of fixed income relationships within this framework. We will show there is a mathematical link between the spot price of a bond in the cash market and a bond for future delivery through the concept of “net carry”. Equally, we will show that one way of valuing a swap is to think of the position as being equivalent to a pair of cash bonds, one with a fixed coupon and the other with a floating coupon. In short-term money markets a forward rate of interest could also be derived if we know the value of two spot-starting instruments with different maturities. It is possible to derive the value of a forward-starting instrument with a maturity equal to the difference between the maturities of the two spot instruments. For example, if the value of a 3-month and a 6-month instrument can be observed in the market, it is possible to derive the value of a 3-month instrument in 3 months' time. Using similar principles it is possible to calculate the value of a swap as the weighted average of a series of forward rates. The triangle will also help identify the relationships between the option world and the three corners of the triangle. The term “volatility” is used as this is the unknown pricing variable within an option pricing model. Although somewhat more involved, it is possible to create mathematical relationships between the underlying price of the asset (be it a spot or a forward price) and the value of an option. For example, we will show the relationship between options and their underlying market through the very useful (but underrated) concept of put–call parity.

2.3 Spot Pricing

Kay (2009) points out that there are broadly two approaches to valuing any asset:


	The value of an asset is what someone will pay for it.

	The value of an asset is a function of the cash flows it will generate over its life.



To illustrate the main concepts of valuation, we will initially consider the second aspect with a bias towards fixed income.

2.3.1 Pricing fixed income securities

To illustrate the concept of pricing an asset in the spot market, let us consider the example of a bond that has no default risk. By convention, the price to be paid for a bond is expressed as a percentage of its face value. So if the bond is trading at a full settlement price of 98.00 and the investor wishes to buy £10,000,000 nominal of the issue, they will be required to pay £9,800,000. However, we are more interested in determining how the price of the bond is derived. Suppose the bond has a maturity of 4 years and pays the investor an annual coupon of 5%. When pricing this particular bond the first step is to identify the associated cash flows. The cash flows on our 4-year bond per £100 nominal are therefore:


	Year 1
	£5



	Year 2
	£5



	Year 3
	£5



	Year 4
	£105




To value these cash flows they must be placed on an equal footing, which means that we must take account of their timing. For example, if I had the choice of receiving £5 today rather than in 12 months' time, I would prefer to take possession of the cash today. This has nothing to do with the fact that the £5 may not be there in 1 year's time (i.e., credit risk), but is simply a reflection of the fact that if I took receipt of £5 today I would be able to invest this sum for 12 months and earn interest at the prevailing rate. This “time value of money” concept is the foundation of all financial computations. Suppose that 12-month rates are currently 4.5%; investing my £5 now, this would mean in 12 months' time I would have £5.23 (rounded). This value is calculated using the following generalized relationship:
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where:
n = whole number of years

So, substituting our values gives:
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For periods of less than 1 year, the formula is:

2.2 [image: 2.2]

Since interest rates are expressed as a percentage per annum, the final part of the equation prorates the interest rate by the maturity of the transaction. The equation's denominator (“day basis”) will be 365 for GBP and 360 for EUR and USD.

With some simple rearrangement we can use this to value the bond cash flows presented earlier. In order to derive the present value of a sum of money, the formulas are as follows.

For cash flows with a maturity of 12 months or longer:
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For cash flows with a maturity of less than 12 months:
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So far we have been non-specific about the choice of interest rates which will be applied to our cash flows. Traditional bond theory relies on the use of a single interest rate to present value all of the cash flows, irrespective of their maturity. The use of a single rate is, on the one hand, intuitively attractive as it should represent the rate of returns on assets with the same degree of credit risk and maturity. So if I were trying to price a 4-year bond, I would seek to ensure that the price offered to the market is in line with alternative equivalent investments. However, it is also intuitively incorrect—interest rates for different maturities are different and so it would make sense to use a different rate to present value each of the cash flows. We will return to this issue shortly.

When using a single interest rate to present value a stream of cash flows, this rate is referred to as the “yield to maturity” (YTM). A yield is a measure of expected return that tries to capture, in a single number, the income received by virtue of the coupon and any capital gain or loss that will be incurred by the investor. As the name suggests, the YTM measures the rate of return that an investor will earn if they buy the bond at the prevailing price and hold it to maturity.

However, there is one major caveat associated with a bond's YTM. It will only be an accurate measure of return if the investor is able to reinvest the interim cash flows at a rate equal to the original YTM. An example will help clarify these issues.

Suppose that yields on alternative equivalent assets are 4.5%, which we decide to use as the discount rate in order to present value the bond's cash flows. Present valuing our example bond's cash flows using equation (2.3) gives the following values:


	Year 1
	£4.7847



	Year 2
	£4.5787



	Year 3
	£4.3815



	Year 4
	£88.0489




The price of the bond is simply the sum of these cash flows, namely £101.7938. This figure represents how much an investor would need to pay to acquire the asset and is referred to as the “dirty price” of the bond. Typically bonds are issued with their coupons close to current market yields, which means that they will initially trade at a price close to 100 or “par”. For every day that the bond is held, the investor earns the right to receive one day's worth of coupon, referred to as accrued interest. However, bonds are quoted on a “clean basis”, which means that the quoted price is the dirty price less any accrued interest. If bonds were quoted on a dirty basis their value would rise every day because of the increasing accrued interest and so to strip out this upward price bias they are quoted on a “clean” basis.

So far we have calculated the “fair value”, “theoretical value” or “fundamental value” of the bond. The market price of the bond is what someone is prepared to pay for it. If the market value of the bond is lower than the fair value, the bond is said to be trading “cheap” to fair value. If the market value is greater than the fair value, then the bond is trading “rich”.

We highlighted earlier that the yield to maturity of a bond is only accurate as a measure of return if all of the subsequent cash flows received by the investor are reinvested at the yield to maturity that prevailed at the time the bond was purchased. To illustrate that principle consider the following example, again based on the previous bond example. If an investor were to earn the yield to maturity over the life of the bond they would need to invest the initial dirty value at this rate until the note's maturity. This would return the following amount:
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This amount can be replicated by investing the interim coupons that are received at the end of each year at the original yield until the final maturity of the bond. The values at the maturity of the bond would be:


	£5 invested for 3 years at 4.5% returns £5.7058.

	£5 invested for 2 years at 4.5% returns £5.4601.

	£5 invested for 1 year at 4.5% returns £5.2250.

	Principal of £100 plus final coupon of 5% gives £105.00.



Total cash flows are £121.3909 (small rounding difference).

From this example, it is possible to see that the actual return earned by the bond investor will be a function of the interest rate at which the coupons can be reinvested. If the reinvestment rate is higher than the original yield, the total proceeds will be increased; equally, the opposite will apply. This concept is referred to as “reinvestment risk” and the assumption is considered to be the main weakness of YTM as an accurate measure of return. To estimate the true return on an investment to be held for a specific period one would need to have a yield that is not subject to any concepts of reinvestment risk. This rate does exist; it is referred to as a zero-coupon yield and will be considered in Section 2.3.3.

2.3.2 Par yield curves

A yield curve is a graphical representation of the yields on bonds with the same credit risk but with different maturities. The introduction of credit risk means that it is impossible to talk about a single overarching yield curve. However, the situation is somewhat confused by the existence of different types of yield curve. In its simplest form it is possible to derive the curve that comprises the YTMs of different bonds with the same credit risk. This is sometimes referred to as the “par” curve as it is often constructed from the most recently issued bonds whose yields are close to their coupons and as such their prices are trading close to par (i.e., close to a price of 100).

2.3.3 Zero-coupon yield curves

Zero-coupon yields represent the rates of return on zero-coupon structures. Traditionally the phrase “zero coupon” is used to describe bonds where there is no interest paid during the life of the deal but it is instead “rolled up” and paid at maturity. It is useful to redefine the phrase to describe any structure that has just two cash flows—one at the start and one at maturity. This means that there is no reinvestment risk. Consequently, one could invest a sum of money today and know exactly how much would be returned at maturity. For example, suppose we were to deposit £100 for 12 months at 4.5%. At the maturity of the deposit we know exactly how much would be returned (£104.50) as there are no interim coupons between the first and final cash flow. This means the final proceeds are unaffected by reinvestment considerations and so simple deposits that pay interest at maturity are zero coupon in style—the rate you see is the rate you get. This simple investment example shows the appeal of using a zero-coupon rate to calculate the future value of a cash flow. It would seem reasonable to suggest that when trying to calculate the present value of any cash flow, the most appropriate type of interest rate to use is a zero-coupon rate of the same maturity.

Using the concept of zero-coupon structures it is possible to decompose a coupon-paying bond into a series of zero-coupon cash flows, each of which can be valued separately. The value of each of these cash flows could then be summed to return the overall price of the bond. However, it should be stressed that this zero-coupon approach is not “better” than using the YTM and should not return a different value. As such it is perhaps useful to think of the YTM as a form of average of each of the zero-coupon discount rates used to value the constituent cash flows. To calculate the present value of a cash flow discounted by a zero-coupon interest rate, equations (2.3) and (2.4) are redefined slightly such that the denominator is now specified as a zero-coupon interest rate of a given maturity.

It is more common for the markets to express a zero-coupon rate as a discount factor rather than a percentage value. To move from zero-coupon rates to discount factors we could take equation (2.3) and move the numerator from the top to the right-hand side of the expression to give:
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The discount factor is the final part of equation (2.5). It is a number that has a maximum value of one (for cash flows that will be paid today) and a minimum (theoretical) value of zero. So, if a 1-year discount factor was calculated as 0.958313 it would mean that 1,000,000 currency units receivable in 12 months' time would be worth 958,313 units today.

One issue faced by practitioners is the sourcing of market-determined zero-coupon rates for longer-dated maturities. There are broadly two different approaches to this problem: the values can either be observed directly or calculated from alterative types of rates. Traditionally, zero-coupon rates are difficult to observe directly from quoted market prices as the population of zero instruments is relatively small. As a result, it is more common to derive them mathematically from their YTM equivalent. To illustrate the concept let us assume that the following par yields have been observed in the market for different maturities:


	
	Par rates



	Year 1
	4.35%



	Year 2
	4.40%



	Year 3
	4.45%



	Year 4
	4.50%




Since a 12-month rate with only one payment has no interim cash flows and therefore no reinvestment risk, the YTM and zero-coupon yields for this maturity will be identical. This information can then be used to derive a 2-year zero-coupon equivalent. We will assume that a bond exists with 2 years to maturity with a coupon of 4.40% and is therefore trading at par given its YTM of 4.40%. The cash flows associated with buying the bond today and holding it to maturity are:


	Purchase:
	(100)



	Year 1
	4.40%



	Year 2
	104.40%




To derive a 2-year zero-coupon rate we must effectively convert this coupon-paying bond into a zero-coupon structure. This could be achieved by selling for the right to receive the first year's coupon for spot value. The fair spot price to be paid for this coupon would be the present value of the cash flow. Since we know the 1-year zero rate is 4.35%, then the present value of the year one cash flow is 4.2166. So for spot settlement the cash flows comprise the 100 units needed to buy the bond less the 4.2166 received from selling the first coupon, which gives a net outgoing cash flow of 95.7834. This now gives us a zero-coupon structure—the investor pays 95.7834 today to receive back 104.40 in 2 years' time. Since the present and future values of the bond are known, it is possible to rearrange equation (2.3) to solve for the zero-coupon interest rate:

[image: images/c02_I0008.gif]

Using these principles the zero-coupon rates for all the maturities can be calculated. For example, the 3-year zero rate is calculated by first assuming there is a 3-year bond trading at par. The first and second-year coupons could be sold off for spot settlement using the zero-coupon rates that have been calculated for these maturities to determine their present value. Having converted the bond into a zero-coupon structure, equation (2.3) could be applied to solve for the zero-coupon rate. The full set of par rates, zero rates and associated discount factors is given in Table 2.1.

Table 2.1 Par rates, zero-coupon rates and discount factors

[image: images/c02tnt001.jpg]


Note that it is only possible to derive zero-coupon rates sequentially. To calculate the 2-year zero rate we need the 1-year zero rate; to calculate the 3-year rate we need the values for both the first and second years. This process has become known as “bootstrapping”, which suggests that when lacing shoes you should start at the bottom and work towards the top. A feature of this process is when the par curve is upward sloping, zero rates are numerically greater than their par curve equivalent. If we were to repeat the exercise in a downward-sloping par curve environment the zero rates would be below the par curve.

Let us return to our original example of a 4-year bond paying a 5% annual coupon. We can use the zero-coupon rates shown in Table 2.1 to present value the individual cash flows in order to derive the instrument's fair value:


	Year 1
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	Year 2
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	Year 3
	£5 × 0.877480 = £4.387400



	Year 4
	£105 × 0.838375 = £88.029396




The sum of the present values of the cash flows is £101.795691, which (allowing for rounding errors) is close to the value calculated using a single yield to maturity rate (i.e., £101.7938).

2.3.4 Forward yield curves

Forward rates are the final part of the yield curve jigsaw puzzle. A forward rate of interest is a rate of interest whose value is known today but which applies to some future time period. Arguably this rate is central to all fixed income analysis, as we will try to demonstrate. However, in our experience it is still the most widely misunderstood of the three generic yield curves.

Suppose that a company is looking to borrow USD 10m for a period of 3 months starting in 3 months' time and asks a bank for a quotation. If the bank is committing today to lend to a client in the future, it will need to borrow money for the same future maturity in order to finance the obligation. If the bank merely guessed a rate at which they would lend to the client in the future they run the risk of rising interest rates, i.e., the cost of financing the client's loan would be in excess of the amount earned. As a result, the rate quoted to the client will be based on the cost to the trader of putting on an offsetting hedge to mitigate any possible losses. This highlights an important principle of derivative theory: the price of any derivative is driven by the cost of hedging the resultant exposure—if you can hedge it, you can price it!

Let us assume that current 3-month interest rates are quoted as 5.50%–5.51% and that 6-month rates are 5.58%–5.59%. The bank could lock in a lending rate for the 3- to 6-month period by entering into two spot-starting transactions. The hedge could be achieved by borrowing for 6 months at 5.59% and lending for 3 months at 5.50%.

On the spot date there should be no net cash flow effect as the amount borrowed and lent will be the same. At the end of the 3-month period, the bank receives back the proceeds of the deposit, which could be used to finance the loan to the client. The repayment of the original 6-month borrowing is financed by the repayment of the monies due from the client. The following example will illustrate this.

At time period 0, the bank will lend a sum of money that will generate the required USD 10m for the client in 3 months' time (91 days). This is calculated as:
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To finance this loan, the bank will borrow this amount for 6 months, which (assuming a 182-day period) will require them to repay

[image: images/c02_I0012.gif]

So at time period 0, there is no net cash flow as the amount borrowed and lent (USD 9,862,878) will net out. At the 3-month period the interest and principal received on the initial deposit is received back and exactly finances the USD 10m loan to the client. When the client finally repays the loan the interest payable should be sufficient to cover the interest payable by the bank on their original 6-month borrowing (i.e., USD 141,608). The cash flows are shown in Figure 2.2.


Figure 2.2 Hedging a forward loan commitment.
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Therefore the percentage per annum quoted to the client for the 91-day forward-starting loan should be:
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In this example we used short-term deposit rates to derive the forward rate. In the last section we argued that short-term deposits are zero coupon in style and so it follows that single-period forward rates are derived from zero-coupon rates. The formula that links them together is:
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where:

R = zero-coupon rate

a, b, c = are periods of varying maturity

To illustrate the application of equation (2.6), consider the derivation of a 1-year rate in 1 year's time (also referred to as “[image: images/c02_I0015.gif]” rate or the “12/24” rate). To derive this value we need a 1-year and a 2-year zero-coupon rate, which we derived in Section 2.3.3 (4.35% and 4.4011%, respectively):
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Using this formula we can now derive the remaining forward rates from the zero-coupon values derived in Section 2.3.3 (see Table 2.2).

Table 2.2 Par, forward and zero rates
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The par and zero rates in the table are of different tenors (1 to 4 years), whereas the forward rates all have a maturity of 12 months. The first value in the forward column (4.3500%) is not really a forward rate; it is the current 12-month rate. The second value of 4.4522% is the 1-year forward rate (the 12-month rate in 1 year's time); the third figure of 4.5569% is the 12-month rate in 2 years' time.

The table also shows that in an upward-sloping yield curve environment, forward rates will lie above both the par and zero equivalents. In a downward-sloping yield curve environment the order would be reversed, i.e., par, zero and forward.

Discount factors can also be used to calculate the forward rates. The discount factors calculated in Section 2.3.3 were:


	
	Discount factors



	Year 1
	0.958313



	Year 2
	0.917466



	Year 3
	0.877480



	Year 4
	0.838375




The forward rate for any period can also be calculated as the ratio of successive discount factors. For example:


Current 1-year rate
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1-Year rate in 1 year's time
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1-Year rate in 2 years' time
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Note that the original par values were set up with “steps” of five basis points (0.05%) between each observation. This resulted in a set of forward rates that was consistently upward sloping. If the par curve was to flatten out at longer maturities then the mathematics of forward rate derivation would show a different result. Consider the values in Figure 2.3.


Figure 2.3 Par and forward curves; the effects of a flat par curve.
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In this figure, the par and zero curves are flat but as a result the derived forward observations are somewhat jagged in nature. Consequently, an investor may consider there is no fundamental justification for this shape. Perhaps they do not believe that interest rates will evolve in such a discontinuous manner, and a smoother evolution would be a more reasonable outcome. As a result, this anomaly could be exploited using a number of strategies, which we consider in later chapters.

Forwards as breakevens

Suppose a market participant with a 1-year time horizon is considering two competing investment opportunities. Zero-coupon bond A has a 1-year maturity and yields 5%, while zero-coupon bond B has a 2-year maturity and yields 6%. Both bonds have the same probability of defaulting. When deciding which bond to purchase, the temptation is to make a judgement based on whether yields are expected to rise or fall. However, the correct approach for the investor is to base the decision relative to current forward rates. Using the principles introduced earlier in this section, the 1-year rate in 1 year's time is 7.01%. It would seem logical for the investor to buy the bond that would generate the greatest investment returns at the point of sale in 1 year's time. The first step is to calculate the current price of bond B, which has a 2-year maturity:
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If spot rates were to evolve in line with the current forward curve, the price of this 2-year zero bond in 1 year's time would be:
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Having calculated these two prices it is possible to calculate the return on the 2-year instrument over the 1-year holding period:
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This yield is the same as the current 1-year zero-coupon rate and indicates that if yields evolve in line with forward rates, bonds of the same credit quality will earn the same holding period return irrespective of their maturity.1

Suppose the investor had a different view of how rates would evolve and they believed that the actual 12-month rate in 1 year's time was more likely to be closer to 6.50%. In this case the price of bond B at that future time period would be 93.8967, and the holding period return would be 5.5024%. If the investor believed that the 12-month rate in 1 year's time was 7.50%, then the price of the bond B would be 93.0233, giving a holding period return of 4.5210%.

Table 2.3 shows the different scenarios. Based on these different scenarios we can derive some simple principles regarding the selection of fixed income investments.

Table 2.3 12-month holding period returns from two zero-coupon bonds under different yield scenarios
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The investor would choose bond B (the 2-year bond) over bond A if they believed that actual yields would be below those implied by the forward curve. If they expected actual rates to evolve in line with the forward curve, then they would be indifferent between holding the two bonds. If they believed that actual rates would be higher than the forward rate then they would select bond A. Note that in each of the scenarios the actual 1-year rate in 1 year's time had increased from the initial level of 5.00%, so the choice of investment was not based on whether rates would rise or fall. The choice of bond was different in each instance depending on the investor's view as to how the rate would evolve relative to the forward rate.

Central Bank activity

Let us develop the ideas presented in the previous section in order to understand the importance of short-term Central Bank rates in the investment process. Suppose a bank has lent money out for 3 months to earn 4% and decides to finance this by borrowing for 3 months at 3.95%. Structuring the transaction in this manner means that the bank is immune to any changes in interest rates. Suppose, however, the trader had thought that he may be able to make more money by taking a view on the evolution of shorter-dated interest rates and so decided to finance the loan with a shorter-dated transaction that is renewed (“rolled over”) at the end of its maturity. For example, the trader might have decided to use three consecutive 1-month borrowings. Equally, the trader may have chosen an even shorter-term maturity such as the overnight rate, which is often used by Central Banks as a monetary policy target (see Appendix 2.1). This type of view implies that the trader believes the actual short-term rates for the future periods will be below that currently implied by the forward curve. From this we can perhaps conclude that a trader's view on interest rates will be driven by the expected path of short-term interest rates, which in turn will be driven by Central Bank activity.

 Forwards as a forecast of future spot rates

One of the most widely held beliefs in relation to forward rates is that they represent some form of forecast of future spot rates. So with 1-year zero rates at 5.00% and the 1-year forward at 7.01%, the notion that a forward rate is a forecast of future spot rates would imply that 7.01% is the market's “best guess” of where the 12-month zero rate will be in 1 year's time. This practice is still perpetuated by the press, who use market values of short-term interest rate futures as a way of trying to second guess possible future changes in Central Bank rates. These exchange-traded contracts can be used to fix 3-month LIBOR rates for set future time periods, so if the rates implied from their prices are increasing with respect to maturity then this is taken as a sign that the Central Bank is likely to increase their rates. However, this is something of a flawed argument as forward rates are derived using the principle of “no arbitrage” and are therefore not the same as the expected future rate. Anecdotally, there is some suggestion that “humps” at the short end of the curve may be driven by the beliefs and actions of those participants who do believe that forward rates are forecasts.

In our view there is no justification for this view of forwards as forecasts in either theory or practice. A forecast is a value that we expect a variable to take at the end of some future time period. The forward rate calculation has no element of expectation or subjective belief built in—it is an objective calculation. There is a world of difference between a forward price and an expected future price.

Empirically there is also little evidence that forward rates are accurate predictors. Consider Figure 2.4, which shows the evolution of 3-month USD LIBOR over a 15-year period. 


Figure 2.4 Forwards as predictors of future spot rates: 3-month LIBOR from 1992 to 2007.
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Each “hair” represents the forward curve out to 2 years on a single date. By looking at the difference between the “hair” at any point and the actual level of LIBOR that sits immediately below that observation, we can determine the accuracy of the forwards in predicting LIBOR.

This vertical distance is the extent to which the forward rate over- or under-predicted the actual value of LIBOR. As the figure shows, the ability of the forward rate to accurately predict the value of LIBOR is very poor. In the majority of cases, the forward rates over-predicted actual LIBOR and by a considerable amount. Interestingly, when forward rates under-predicted LIBOR they did so by a smaller margin.

2.3.5 Pricing floating-rate notes

In Chapter 1 we defined a floating-rate note (FRN) as an interest-bearing security whose coupon is paid on a regular basis (usually quarterly) at a given margin to an interest rate index such as LIBOR. This fixed spread over or under the index is often referred to as the “quoted margin” or the “given margin” (e.g., 3-month LIBOR + 10 basis points).

It is impossible to calculate an absolute yield for an FRN as the exact levels of future coupons are unknown. As a result, FRNs are quoted on what is termed a “discount margin basis”. Recall that in conventional fixed income theory a bond price is derived by present valuing each cash flow using the following relationship, which is a variation of equation (2.3):
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It is possible to price an FRN by modifying the formula as follows:
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This approach to valuing the cash flows has a number of implications:


	Since the equation uses an observable par interest rate swap value in the denominator, the discount margin becomes the yield on the note.

	The discount margin becomes the mechanism by which changes in the issuer's creditworthiness are reflected in the value of the FRN.

	The discount margin is a function of the quoted price, maturity, the quoted margin, the magnitude of the LIBOR cash flow and the prevailing swap rate.



In order to price the FRN, practitioners convert the instrument into a fixed-rate bond by assuming that all future LIBOR payments will be equal to the prevailing par swap rate of the same maturity. This is based on the principle that the swap rate is a long-dated LIBOR cash flow. The value of the numerator is fixed by adding the quoted margin to the LIBOR cash flow. The swap rate used in the numerator is also used in the denominator of the equation and so if the market price of the FRN can be observed, the discount margin can be calculated by simple iteration.

The mathematics of pricing FRNs can sometimes be very long winded given the fact that cash flows are paid quarterly. Most pricing systems (e.g., Bloomberg's BC13 screen) will automate the process and our aim is to give the reader an intuitive understanding of the price behaviour without showing the detailed workings. Suppose we have an FRN with the following terms:


	5-year maturity

	Quarterly payments

	Coupon set at 3-month LIBOR + 25 basis points

	Price 99.75 (no accrued interest)

	Discount margin of 30.511 basis points

	5-year par swap rates are 4.00%



The discount margin—the FRN's yield to maturity—is slightly higher than the quoted margin due to the fact that if the investor were to hold the bond to maturity they would enjoy a 25 basis point capital gain. Spread over 5 years this would equate to about 5 basis points per annum (ignoring the time value of money), which accounts for the difference between the two values.

 Change in the discount margin

Suppose that the market's perception of the issuer's creditworthiness declined, resulting in a higher discount margin. If the discount margin increased to 50 basis points, the price of the bond would fall, in this case to 98.87146.

 Change in short-term interest rates

If current 3-month LIBOR were to fall instantaneously by 50 basis points to 3.50%, the discount margin would increase by 2.795 basis points to 33.295. This suggests that the instrument is relatively immune to changes in short-term interest rates. Once LIBOR resets to the current market level in 3 months' time, the discount margin will be equal to the quoted margin.

 Change in long-term interest rates with bond trading close to par

If swap rates move from 4.00% to 5.00% the discount margin falls by a very small amount (to 30.638), leaving the price virtually unchanged. This reinforces the argument that the instrument is largely unaffected by interest rate changes.

 Change in long-term interest rates with bond trading away from par

Suppose that the bond is trading significantly away from par at a price of 90 due perhaps to a deterioration in the creditworthiness of the issuer. Assuming all other market rates remain unchanged, this would correspond to a discount margin of 258.43 basis points. If swap rates were to increase from 4.00% to 5.00% the discount margin would increase to 263.993 basis points—again a relatively small move of about 5 basis points. However, the effect would be more pronounced the longer dated the bond.

From this analysis we can conclude that an FRN is relatively immune to changes in long-term and short-term interest rates. Additionally, its price is more sensitive to changes in the perception of the issuer's credit risk. This conclusion will become relevant when we consider asset swap structures, which are in effect synthetic FRNs. This will be covered in Chapter 4.

2.3.6 Inflation pricing

When calculating the price of an index-linked bond there are two different approaches, the so-called Canadian model or the UK model. We will focus on the Canadian model, which is the more popular technique and paradoxically is also the pricing approach for all UK bonds issued after 2005. Central to the pricing of inflation-linked bonds using this approach is the concept of the index ratio. This ratio uplifts the cash flows on the bond by the amount of inflation to ensure that the instrument's purchasing power is maintained.

The index ratio is calculated by dividing the CPI figure applicable to a given settlement date by the CPI that prevailed at the bond's issue date. As a result, the numerator will be common to all linkers for a given settlement date, while the denominator will be specific to a given linker. Since the index ratio is a function of a particular settlement date it will adjust on a daily basis. If settlement is going to take place on the first day of the month, the CPI value used in the numerator is the CPI figure that occurred exactly 3 months earlier. For other days in the month the CPI value used is calculated by linear interpolation. A similar approach is used to calculate the “base” CPI used in the denominator.

Consider the following example for settlement on 1 December 2009:


	5/8th% Index-linked Treasury Gilt

	Issued: 24 July 2009

	Maturity: 22 November 2042

	Payment frequency: semi-annual (22 May and November)

	Inflation lag: 3 months



The first step is to work out the interpolated index value for the date of issue. The formula for this is:
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where:

CPIm−2 = price index for month m − 2

CPIm−3 = price index for month m − 3

Dm = number of days in month m

m = month in which settlement takes place

t = day of the month on which settlement takes place

The first step is to obtain the values for the Retail Price Index (RPI) for 3 and 2 months prior to the issue date (i.e., April 2009 and May 2009), which were 211.5 and 212.8, respectively. Substituting these values into the equation gives us the following value:
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The index ratio is rounded to five decimal places by convention. Since we are trying to derive the index ratio for settlement on 1 December 2009, the value of the numerator is simply the RPI value that prevailed 3 months before that date (September 2009), which was 215.3. Having derived both constituents, the index ratio for settlement on 1 December 2009 is 1.013346 (215.3/212.4645). An investor buying the bond for settlement on this date would pay the full dirty price (which is quoted in real terms) uplifted by the index ratio to ensure that the bond retains its real purchasing power. If the agreed dirty real price was 108.507320 then the nominal cash flow paid by the investor would be 108.507320 × 1.013346 = 109.955422.

On a side note, some readers may query what would happen if the inflation index were to fall. Although the coupon payments would be reduced, the majority of countries impose a deflation floor on the principal amount to be repaid at maturity (the exceptions being the UK, Canada and Japan).

The pricing of inflation-linked bonds in the Canadian model follows conventional discounted cash flow techniques considered earlier in the chapter. However, the input parameters are very different.
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where:

Cr = real coupon

Rr = real redemption payment

r = real yield

As with conventional bonds, the dirty price of the bond is simply the present value of the future cash flows. However, the equation highlights some key learning points:


	The bond's cash flows comprise a real coupon and principal (i.e., 5/8th% of the 2042 is the real coupon; an investor receives this plus an uplift for inflation according to the magnitude of the index ratio).

	The discount factor is a real as opposed to a nominal yield.

	The equation solves for the nominal settlement price. However, similar to other bonds they would be quoted on a clean basis, which would not include either the inflation adjustment (which is the role of the index ratio) or the accrued interest.

	By convention, inflation-linked bonds priced under the Canadian model are quoted on a real price and real yield basis. A change in inflation (all other things being equal) will have no effect on the value of inflation-linked bonds; the instrument is only impacted by a change in real yields.



2.3.7 Credit pricing

So far the analysis has been conducted in the absence of any potential for default. An investor buying a specific corporate bond where there was the possibility of default would earn an enhanced yield over the sovereign rate, which was termed the credit spread. This credit spread can be estimated intuitively using the following relationship:
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Loss in the event of default relates to how much the investor would recover if the entity were to be liquidated. As such, the relationship could be restated as:
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where the 100% relates to the initial amount invested. So, if the probability of an entity defaulting is 1% and the recovery rate is 40%, the fair value of the credit spread is 0.60%. Although this technique may appear somewhat simplistic, it does allow a market participant to derive a “ball park” figure for the spread.

One of the problems of this approach is the estimation of the various parameters. Firstly, the actual recovery rate will only be known after a particular entity has defaulted, so when pricing a new transaction some form of estimate will be required. The market has adopted the convention of applying a value of 40%, which is believed to be indicative of the recovery rate of investment grade, senior unsubordinated debt. The choice of this recovery rate relates to the fact that the reference obligation of a CDS contract is typically based on this same degree of subordination within the company's capital structure. For contracts that are referenced to subordinated debt, the recovery rate used by the market is 20%. The second issue relates to the estimation of the default probability. Although it may be possible to use publically quoted information provided by the rating agencies, it will be historic in nature and not necessarily an accurate reflection of possible future default rates. Although some readers may feel it is a circular argument, observed CDS premia are used to derive forward-looking default probabilities. By taking an observed traded spread and rearranging the formula for estimating the credit spread, it is possible to back out an implied probability of default (assuming a given recovery rate). Market participants could use this value as a benchmark to assess their own views of the probability of the asset defaulting. If they believe that the implied probability of an entity defaulting is too high, this would suggest the contract is overpriced and therefore should be sold. The opposite would also apply.

2.4 The Spot–Forward Relationship

In this section we will illustrate the pricing relationship that exists between spot and forward instruments based again on fixed income principles. However, the different approaches for other asset classes will be considered towards the end of the section.

2.4.1 Fixed income

Suppose a customer wants delivery of EUR 10m of the January 2018 Sovereign Bund in 20 days' time. For spot settlement on 26 March 2008, the bond was trading at a clean price of 100.92, a yield to maturity of 3.88% and a coupon of 4.00%. Short-term borrowing costs in the repo market for 20-day maturities were 4.25%.

The quoting bank derives a forward price based on how they would hedge themselves. The most popular hedging technique is sometimes referred to as a “cash and carry” strategy. That is, the price given by the quoting bank will be based on the net cost or income that will result from buying the bond now and holding the asset until the point of delivery. The net income or expense that results from this strategy is referred to as the “net carry” and is a function of:


	The purchase price.

	The cost of financing the purchase.2

	The coupon accrued during the holding period.



To calculate the purchase price, the first step is to calculate the interest accrued since the last payment date. Bunds pay interest annually on the anniversary of their maturity, which in this case is taken to be 4 January. For settlement on 26 March 2008, 82 days have elapsed since the last payment date and so the accrued interest per EUR 100 nominal is therefore:
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This means that the purchase price to the bank (i.e., the dirty price) is:
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The bank must borrow this amount until they receive the proceeds from the customer upon the eventual sale of the bond in 20 days' time. Since the bank will most likely use the repo market to finance this purchase, then assuming short-term borrowing costs of 4.25% this would incur a cost of:
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However, during the holding period the bank will earn 20 days' worth of accrued interest:
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As a result of carrying this asset the bank will incur more expense (0.240405) than they earn in income (0.219178). It is reasonable to say that this expense should be passed on to the institution who wishes to take eventual delivery of the bond. As a result, the net cost to the client is:
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If the bank were to quote a price of 101.839857 to their client, this would represent a breakeven price resulting in zero profit or loss at the point of delivery irrespective of how bond prices and repo rates subsequently evolve.

The example illustrates that the difference between the spot price and the forward price can be attributed to the net carry—the expense incurred less the income earned by holding the asset. This means that the spot–forward pricing relationship could be expressed as follows:
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Since bond prices are expressed on a clean basis, this could be rewritten as:
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which could be further refined to:
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One final step is to replace the final parts of the expression with one phrase:
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From this relationship we can see that if the coupon on the bond is greater than the repo rate, the bond is said to have positive carry. That is, for every day that the bond is held, more income is generated than will be paid in interest. Note that positive carry means that the net carry element is subtracted from the spot clean price, with the result that the forward clean price will be lower. This should not be interpreted to mean that the bond is cheap or that bond prices are expected to fall. If the coupon on the bond is less than the repo rate, the bond is said to have negative carry with the result that the forward clean price will be above the spot clean price.

From this analysis it can be seen that the movement in forward bond prices is influenced primarily by two factors: spot bond prices and repo rates. An increase in a bond's price will cause its forward price to rise and vice versa (all other things being equal). An increase in repo rates will cause the forward price to rise and vice versa (again, all other things being equal). It may appear to be something of a contradiction to say that a rise in both bond prices and repo rates will cause the forward price to increase given the inverse relationship between prices and yields. However, we are describing two different points on the yield as bond prices are driven by long-term yields while repo rates will be short term in nature. So a rise in prices (i.e., a fall in long-term yields) and a rise in short-term interest rates will cause the yield curve to flatten, driving up forward prices.

If the net carry for delivery on one specific future date were to be recalculated on a daily basis, its value would gradually fall towards zero. However, this overall decline will not necessarily happen on a linear basis as spot prices and repo rates may fluctuate. However, a forward and cash price for delivery on one particular date will converge by the final maturity as the time component of the net carry will tend towards zero.

2.4.2 Credit markets

At the time of writing, forward pricing of credit instruments is less well defined than in other markets. In theory, the forward price of a credit-risky bond could be derived using the same principles outlined in Section 2.4.1. In this section we will consider the forward pricing of credit default swap contracts. Using principles introduced in Section 2.3.4, it is possible to derive a forward CDS spread using time value of money principles. This would involve creating a synthetic forward position by buying and selling protection with different maturities. Forward positions could be created as follows:
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By way of illustration,3 suppose an investment grade name has a 5-year CDS premium of 24 basis points and a 10-year premium of 45 basis points (for ease of illustration we will ignore the use of standardized coupons). A buyer of protection for a 10-year horizon is considering the most effective way of implementing the trade. Broadly speaking, he could either:


	Buy protection for 10 years at 45 basis points p.a. (costing a total of 450 bps).

	Or, buy protection for 5 years at 24 basis points p.a. (costing 120 bps for the period) and in 5 years' time enter another 5-year transaction at the prevailing spot rate.



The first step is to calculate his breakeven rate, which is the difference between the 10-year and 5-year costs divided by the time in the second period—66 bps (i.e., (450—120)/5). If the trader believes that the 5-year CDS spread in 5 years' time will be less than 66 bps, he should buy the 5-year contract and roll into a new 5-year contract at its maturity.

2.5 The Spot–Swap Relationship

The easiest way to illustrate the spot–swap relationship is to consider how interest rate swaps are valued. A similar approach is adopted by Galitz (1996).4 This approach decomposes the swap into instruments that have a similar economic value. Suppose we are considering entering into a 5-year interest rate swap, where we receive fixed and pay floating LIBOR. For ease of illustration let us assume that both payments will occur on an annual basis. This position could be compared to a position in a pair of bonds with the same degree of credit risk. So the receipt of fixed under a swap would be equivalent to buying a fixed-coupon bond, while the payment of LIBOR could be replicated by issuing a floating-rate note.5 If we make the assumption that both bonds are trading at par, then the initial and final principal amounts will net out. This leaves a structure that comprises the receipt of a stream of fixed cash flows in exchange for a stream of LIBOR cash flows. Since the cash flows coincide they can be netted out, resulting in a single payment or receipt in each individual period. This means that since a swap is economically equivalent to a pair of bonds, we can use bond pricing concepts to price and value interest rate swaps.

So, valuing a swap now becomes a case of valuing the constituent cash flows, which can be achieved by using discount factors derived from zero-coupon swap rates. The timing of the cash flows is sketched out in Table 2.4.

Table 2.4 Mapping swap cash flows
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Algebraically, the value of the swap can be represented as follows:
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and
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where:

C = fixed cash flow

F = floating cash flow of a particular maturity

D = discount factor of a particular maturity

The value of any swap is simply the difference between the value of the fixed and floating legs expressed in present value terms. So,
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It is possible to use this relationship to price swaps by rearranging the formula to solve for C, the fixed cash flow. Arguably, the key concept in pricing swaps is that on the trade date the swap has to be considered an equitable exchange of cash flows by both participants. Logically, no market participant would knowingly enter into a transaction where they were going to lose money.6

So, using the previous notation to illustrate the principle of pricing swaps:
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Therefore:
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and so:
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From this, the fixed cash flow could be calculated by dividing the present value of the floating cash flows by the sum of the discount factors. To illustrate the principles, suppose the swap rates shown in Table 2.5 are observed in the market.

Table 2.5 Market rates
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In this example we will consider whether a 5-year swap executed at the prevailing rate of 6.92% is fairly valued. We will assume that the notional amount is 10 million, both sides of the swap will pay annually and the day basis is identical for both legs of the trade (i.e., an actual/actual day basis).

The cash flows on the swap are calculated on a simple interest basis:
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The resultant cash flows are shown in Table 2.6.

Table 2.6 Pricing an interest rate swap
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To illustrate how the numbers are derived, let us consider the cash flows that occur in the fifth year. The fixed cash flow is calculated as:
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The present value of this cash flow is calculated as:
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The floating cash flow is calculated as:
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The present value of this floating cash flow is:
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Since the sum of the present values of both fixed and floating net to zero, we can say that the swap is fairly valued. A commonly asked question is why a market participant would enter into an interest rate swap that has no initial profit. The answer is again based on the concept of using forward rates as a breakeven benchmark. If the participant believed that LIBOR was going to evolve faster than the values implied by the forward curve used to derive the fixed rate, they should receive LIBOR and pay fixed. Conversely, if they believed that LIBOR was going to evolve more slowly than the values implied by the forward curve they should pay LIBOR and receive fixed.

However, there is an element of circularity in this pricing process. Our end objective is to identify a single fixed swap rate that will be payable or receivable on a particular transaction. This can only be derived if there is a set of forward rates and discount factors. However, to obtain these inputs we require a set of zero-coupon swap rates which were derived from a set of observed par swap rates! However, this circularity can be resolved by recognizing that for the majority of main currencies there is a deep and liquid market for “plain vanilla” swaps where quotes are readily observable. These vanilla swaps are priced as the yield on a domestic sovereign bond of the same maturity plus a market-determined spread, referred to as the swap spread. The factors that determine the magnitude of this spread and how it will move are considered in Chapter 4.

So, for a vanilla swap there would be no need to price the instrument using discounted cash flow (DCF) techniques. Arguably, the DCF technique becomes relevant when the market participant needs to price a swap that is not vanilla in style. The quoting bank would then use the prevailing market prices to derive the specific rate for this bespoke transaction.

At this stage it is convenient to consider how to price a forward-starting interest rate swap, which we define as a swap that becomes effective at some period in the future. An example of this would be a 5-year swap starting 3 months in the future. We will use the same market values as those used to price the previous 5-year swap, but with the intention of pricing a 4-year swap, starting in 1 year's time.

The pricing of a forward-starting swap follows the same general principles used in pricing spot-starting structures. To price our example, all that is required is to remove the cash flows from spot value up until the swap's effective date. For our example this means leaving out the first year's cash flows. Using the spot-starting 5-year fixed rate of 6.92% initially, the cash flows are shown in Table 2.7.

Table 2.7 Pricing a forward-starting swap
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With the first year's cash flows removed and using the original 5-year rate, the swap no longer has an NPV of zero and is therefore not an equitable exchange of cash flows. The fixed swap rate that will yield a net present value of zero can be found iteratively and can be shown to be 7.19319% (see Table 2.8).

Table 2.8 Pricing a forward-starting swap; 1-year into 4-year structure
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2.5.1 Pricing swaps—counterparty credit risk

It's difficult to stand in front of regulators and say the over-the-counter derivatives market is functioning well when we can't even agree how to price a plain vanilla interest rate swap.7

From early 2010 the approach used to price interest rate swaps underwent a significant change as institutions became more conscious of the importance of counterparty credit risk. Prior to the financial crisis, swap traders would subjectively adjust swap prices to reflect their perception of a counterparty's default risk. As a result of the crisis, the market introduced more formalized techniques to manage this risk. One popular method used by the market is the “credit value adjustment”. This approach requires the traders to adjust their quoted prices to reflect the default risk embedded within their counterparty's observed credit default swap spread.8

The other significant change was the choice of discount rate to present value swap cash flows. As we have seen, swap cash flows were traditionally discounted using LIBOR as the market always assumed that their interbank counterparties would not default. The procedures that banks had in place prior to the financial crisis would require counterparties to deposit acceptable collateral to support any transaction that was “in-the-money” from the bank's perspective. These procedures would vary between different institutions and interested readers are referred to Gregory (2010) for more detail.

Under the documentation that governs the procedures for managing collateral (the ISDA credit support annex), any cash collateral held by an institution would require them to pay interest at the overnight interbank rate. Overnight interbank rates are discussed in detail in Appendix 2.1, but they are introduced briefly at this point. In many countries the overnight unsecured interbank rate is often targeted by the Central Bank to influence monetary policy and as such is seen as being the closest the market has to a “true” risk-free rate. The overnight rate is the shortest tenor available, carries negligible counterparty credit and liquidity risk, and is taken by the market to be the best available proxy for a risk-free rate. Examples of this rate are:


	Fed Funds effective rate (USD)

	Sterling Overnight Index Average (SONIA)

	Euro Overnight Index Average (EONIA)



Prior to the financial crisis there was often a small mismatch between the value of the collateral (valued using the OIS rate) and the value of the swap (valued using LIBOR), but since this was a relatively small difference it was ignored by most participants. However, as the crisis developed the difference between the two rates became more pronounced, highlighting the mismatch in value between the two components of the transaction (see Figure 2.5).


Figure 2.5 LIBOR–OIS spread for EUR, GBP and USD 2006–2011.

Source: Data sourced from Barclays Capital Live. Reproduced with permission
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As a result of this dislocation, banks now vary the discount rate applied to a particular swap transaction depending on whether it is collateralized or not. For deals that are subject to collateralization, cash flows are discounted using a zero-coupon overnight index swap (OIS) curve. An OIS is an interest rate swap where the floating rate is referenced to the average of an overnight interest rate index calculated each day over the agreed payment period. Similar to our previous explanation of swap pricing, the fixed rate on an OIS is the weighted average of all the future floating payments.

To illustrate the concept, consider a hedge fund that has an off-market/loss-making USD swap exposure to a bank and has posted USD collateral against it. The hedge fund will earn the Fed Funds rate, which will be paid by the bank on this collateral. If the hedge fund were to decide to cancel the swap, then it would have to pay cash to the bank rather than post the collateral. The issue faced by the bank is whether it should calculate the termination value of the swap using either a LIBOR rate or an OIS rate. It should calculate the present value of the swap using the OIS curve, since this more accurately highlights the “value” of the collateral it is currently holding.

Suppose the swap is out-of-the-money from the hedge fund's perspective by 0.5%. If we assume that the notional is $100, the transaction has exactly one year to expiry and that current 12-month LIBOR rates are 3%, then the mark to market is (0.5% × $100)/(1.03) = $0.4854. However, the counterparty bank would demand collateral in excess of this amount as they will only earn interest at an OIS rate, which is lower than LIBOR. The higher sum demanded by the bank will ensure that the collateral and the interest earned will cover the cash payments due under the swap. So if we assume that the 12-month OIS rate is 2% then the discounted value of the collateral is (0.5% × $100)/(1.02) = $0.4902. It follows that this higher sum of money invested at the current OIS rate will return $0.5 at the end of the swap.

The issue of swap valuation using different discount rates raises a number of problems:7


	The Credit Support Annex (CSA) states that the collateral should be valued using the currency of the collateral not the currency of the swap. This raises the issue of how to discount, say, a EUR swap supported by USD cash collateral.

	Some CSAs allow for collateral in different forms and different currencies. As a result, the counterparty that is required to post collateral will most likely post whatever is the “cheapest to deliver”. This delivery option would need to be valued.

	Whatever asset is currently the cheapest to deliver will not necessarily remain so over the life of the transaction, which poses a challenge for valuing and hedging future swap cash flows.

	The CSA may also allow for substitution of collateral, creating a “collateral switch option” which would be very difficult to price as several assumptions on volatility and correlation would be required.

	Transactions that are not subject to collateral agreements are valued using the bank's own cost of borrowing, i.e., typically a LIBOR value. Since banks borrow at different levels there is no common benchmark for pricing uncollateralized trades. In general terms we can conclude that the rate used to discount a swap should be consistent with how the swap is collateralised or financed.



2.6 The Forward–Swap Relationship

The relationship between swap rates and forward rates was originally outlined in equation (2.6). The equation highlights that the product of the two short-term rates should be equal to a long-term rate of the equivalent maturity. So, if this logic was extended, with a known deposit rate and sequence of futures prices, it would be possible to derive a swap rate of the same maturity.

The simplest way to conceptualize the issue is to consider the relationship between FRAs and swaps. In Chapter 1, we argued that an FRA was simply a single-period interest rate swap, so if we were to extend the argument we could say that an interest rate swap could be decomposed into a strip of FRAs all with the same single fixed rate.

The actual mathematics of deriving a swap rate from a strip of futures is slightly different in that the swap rate is calculated as a weighted average with the weights being a series of discount factors derived from the futures rates. Readers interested in this technique are referred to either Dubil (2004) or Chisholm (2009).

2.7 Pricing Options–Relationship With The Underlying Market

Option pricing is probably one of the most well documented subjects in finance. In order to avoid reinventing the wheel but to ensure completeness of coverage, we have chosen to take an approach which will be consistent with our theme of identifying the pricing linkages between markets. Readers interested in a more formal approach are referred to texts such as Hull (2008) or Natenberg (1994).

In the 1970s, Fisher Black, Myron Scholes and Robert Merton developed a method that allowed market participants to calculate the “fair value” of an option by means of a closed-form equation. However, it is important to stress that the model will not determine the actual price of the option, which is simply a function of what someone is prepared to pay for it in an open market transaction. As a result, it is better to view the role of the option model as a tool that allows a market participant to judge how the option is expected to change in value as a result of a change in the inputs to the model.

In their original work, which focused on the fair value of a European-style non-dividend-paying stock, they argued that the fair value of the contract could be calculated as a function of five parameters:


	The spot price of the share.

	The option's exercise price.

	The option's time to expiry.

	Risk-free interest rates.

	The volatility of the share's return.



Intuitively, the premium charged by the seller of an option has to be slightly more than the amount they expect to pay out if the option were to be exercised against them. Since the payout on the option will take place in the future, the premium payable at the start of the deal can be thought of as the present value of the expected payoff at maturity.

The premium of an option can be broken down into two components:


	Intrinsic value—what is the option worth if it were to expire right now?

	Time value—how much do I see myself making from this option from now until maturity?



The intrinsic value of the option is the advantage to the option holder of the strike over the underlying price. So if the strike rate is less favourable than the underlying price, the option confers no advantage to the holder and so has no intrinsic value. The implication of this is that an option cannot have negative intrinsic value; it will either be positive or zero. The second component of the premium is time value, which is the extra amount charged by the seller to reflect the uncertainty of whether the option will be exercised. Time value could be viewed as the potential future intrinsic value of the option. Time value is greatest when an option is at-the-money as this is where there is the greatest degree of uncertainty of exercise. Therefore, time value is a function of the degree of “moneyness” of the option, time to maturity and implied volatility.

2.7.1 Black–Scholes–Merton: an intuitive approach

Suppose a gambler says he will pay you USD 10 a point for any rollover 7 based on the single throw of two dice. How much would you be willing to pay to play this game? To determine the fair price of this game you would need to know the range of possible outcomes and the probability of any particular outcome occurring. To work out the probabilities suppose you were to throw a pair of dice 1,000 times and record the results. The incidents of extreme values occurring (i.e., 2 and 12) would be relatively low as there are a limited number of ways in which the outcome could occur (1 + 1 and 6 + 6, respectively). However, there are six different ways in which the outcome could total 7(1 + 6, 2 + 5, 3 + 4, 4 + 3, 5 + 2 and 6 + 1) and so it is reasonable to assume that this is the most likely outcome. If, as a result of throwing the dice 1,000 times, the value of 2 was observed on 30 occasions we could say there is a 3% probability of occurrence.

Table 2.9 shows how the fair value of the dice game could be assessed.

Table 2.9 Calculating the “fair value” of the dice game
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The top line of the table shows the payoff offered by the gambler (i.e., USD 10 for a roll of 8, USD 20 for a roll of 9). The middle line shows the probability of a number being thrown based on the sample of 1,000 throws. The expected value shown on the lower line is derived by taking each payoff and multiplying it by the probability of its occurrence. So if the number 8 is rolled the gambler will pay you USD 10; since the probability of this value being thrown is 14%, the expected value is USD 1.40. The fair value of the game is simply the sum of the expected values, which in this case is USD 9.70. In effect, the gambler is selling a call option with a strike of USD 7 on a principal amount of USD 10. The payoff is:
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Let us extend these principles to price an at-the-money call option on crude oil (Table 2.10), assuming the current price of the underlying asset is USD 50/barrel. So the reader can see the continuity of the argument, we will use the same distribution from the dice game example.

Table 2.10 Pricing a call option on crude oil
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The sum of the expected values is USD 0.97, which is the “fair value” for the premium on a per barrel basis.

Suppose that a few minutes later the price of crude oil moves up to USD 51. Table 2.11 shows how this changes the value of the option (which is now in-the-money) assuming the distribution is unchanged.

Table 2.11 The impact on the value of a call option when the underlying price rises
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Note that the probability distribution is centred on the current price of USD 51 and the sum of the expected values has increased to USD 1.56. The impact of a fall in the price of the asset to USD 49 is shown in Table 2.12.

Table 2.12 The impact on the value of a call option when the underlying price falls
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In the case of a fall in price the sum of the expected values has decreased to USD 0.56; having the right to buy at USD 50 is now less valuable if the market has moved down to USD 49.

The next stage is to analyse what would happen to the value of the option if the underlying market is expected to be relatively stable. Table 2.13 illustrates an example of where the probability of extreme price movements is now less likely.

Table 2.13 Pricing a call option in conditions of low volatility

[image: images/c02tnt013.jpg]


The ATM call option struck at USD 50 a barrel now costs USD 0.56 compared to the original value of USD 0.97. It follows that if the market is expected to be very volatile the probability of extreme events occurring increases, leading to an increase in the expected values as well as the overall premium.

In all of our examples, the probability distribution was symmetrical and so is referred to as a normal distribution. The normal distribution possesses a number of statistical properties that are useful when analysing options. The two key properties of a normal distribution are its mean and its standard deviation. The mean of the distribution is the peak of the curve and is statistically the most probable outcome. The standard deviation is a measure of spread from the mean; it describes the “fatness” of the distribution. The standard deviation tells us the likelihood that a particular value or a range of values will occur. If we try to link the statistical properties of the normal distribution to the analysis of options, the first step is to decide which market parameter represents the mean of the distribution. If we consider the pricing of European-style options, then the mean is the forward price. Since a European-style option cannot be exercised until maturity, it is reasonable to assume that the degree of “in-the-moneyness” of the option should be assessed relative to an underlying price of the same maturity, i.e., the forward price. Another argument for using the forward price is based on the notion that it represents a breakeven price for a cash trade that has a holding period equal to the maturity of the option. If I were to buy a barrel of crude oil today at a price of USD 45 with the intention of selling it in 12 months, I must finance the purchase, ship it, store and insure it. If these costs amount to USD 5, I need to make at least USD 50 to break even. Therefore, USD 50 is the fair value of the forward price as at the trade date.

The standard deviation of the distribution is referred to under another name in financial markets—volatility. In financial markets the volatility of an underlying asset is expressed as one standard deviation in per cent per annum. Statistically, one standard deviation will cover 68.3% of all possible outcomes. In our original example in Figure 2.13, one standard deviation is equal to USD 3.32 per barrel. So intuitively we would expect the asset to trade within the range of USD 46.68 to USD 53.32 on 68.3% of all occasions over the next 12 months. Equally, the seller of the option should realize there is a 31.7% chance it will be outside these boundaries.

 A shortcut for pricing options

A very common “back-of-the-envelope” technique used as a shortcut for pricing options is given by the following formula:
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where:

σ = implied volatility

T = time to maturity (years)

DF = discount factor

Pricing a 1-year at-the-money call option using a Black–Scholes–Merton model at a strike rate of USD 50.00, an implied volatility of 10% and interest rate of 5% generates a fair value of USD 1.8966, which expressed as a percentage of the strike price gives a value of 3.79%. The shortcut formula returns a value of 3.81% (0.4 × 0.10 × 1 × 0.952381).

2.7.2 From closed-form to binomial pricing techniques

It would be fair to say that no trader should enter into a transaction without hedging their exposure to any potential payout. One of the key insights that resulted from the initial research into option pricing was that the payout on the option could be replicated in the underlying market. As a result, the cost of the option can be linked to the cost of the underlying hedge—“If you can hedge it, you can price it”.

Suppose there is an unspecified asset that does not generate any income and is currently trading at price of $100. Our aim is price an at-the-money European call option with a 12-month maturity where interest rates are 5%. Initially, we will impose some unrealistic conditions about how the price will evolve over the life of the transaction, which we will subsequently relax. We will assume that the underlying asset will have one of two values at expiry, namely $105 or $95. Given a strike rate of $100, the payoff of the option at maturity will either be $5 or $0, respectively. To hedge this exposure, the trick is to create a portfolio whose value matches the payoff of the option; this can be achieved by buying or selling the underlying asset in certain proportions. This ratio can be calculated by considering how the price of the option will move over the life of the transaction relative to the movement in the price of the underlying asset. This is given by the following formula:
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where:

Option valueup = the value of the option when the underlying price has risen

Option valuedown = the value of the option when the underlying price has fallen

Asset priceup = the price of the asset assuming its value has increased

Asset pricedown = the price of the asset assuming its value has decreased

The formula indicates that the value of the option has only moved by 50% of the movement in the underlying price. This suggests that to replicate the payoff on the option position the appropriate hedge is to purchase half of the underlying asset. This hedge ratio means that for every two options sold we would only need to buy and hold one of the underlying assets. Figure 2.6 shows the value of the replicating portfolio assuming we sell two call options and hedge the exposure by purchasing one underlying asset.


Figure 2.6 The value of the replicating portfolio.
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Figure 2.7 shows the value of the option portfolio over the same period. The figure indicates that having sold two options and received a premium inflow, the trader could be faced with a possible payout at the option's maturity. The −$10 in the upper right-hand side of the tree represents the total payout if both options were exercised. This is derived assuming an expiry value of $105 and a strike price of $100.


Figure 2.7 The option exposure.
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Figure 2.8 combines Figures 2.6 and 2.7 to show that at maturity, having sold two options and bought one asset, we have created a portfolio that has a value of $95.


Figure 2.8 The option exposure combined with the underlying hedge.
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Since the portfolio is worth $95 in 12 months' time, the present value of the portfolio with interest rates at 5% (and assuming an actual/actual day basis for ease of illustration) is $90.48 (i.e., $95/1.05). Since we purchased one asset for spot settlement at the current price of $100, the premium receivable from both options would need to be $9.52 ($4.76 per share) to ensure that the current value of the portfolio is $90.48.

Note, however, that on the trade date there is a net outflow of funds. The trader must buy one asset at $100 to hedge the portfolio and will receive $9.52 from the sale of the two options. The difference between the two cash flows ($90.48) will have to be borrowed and will be financed at current rates of interest (5%), with $95 being repaid at maturity. The repayment on this loan is equal to the value of the portfolio at maturity, irrespective of whether the price rises or falls.

Consider the cash flows at maturity. In the “price up” scenario:


	The option holder exercises the option.

	The trader receives $200 from the holder of the option (i.e., twice the option's strike).

	The trader delivers the share they are holding as a hedge but must buy one more share at the prevailing market price of $105.

	The trader repays the $95 principal and interest due on the loan.

	The net cash flow is zero.



In the “price down” scenario the option is not exercised and the trader sells the hedge position at the prevailing price of $95 and uses these proceeds to repay the underlying loan. Again the net cash flow is zero, illustrating that in both scenarios the trader is fully hedged.

The value of a put option with the same maturity and strike with the same market conditions could be calculated using the same principles.

This approach has sometimes been described as risk-neutral valuation. This means that whether a market participant believes the underlying price will rise or fall, there can only be one solution for the fair value of the option. If this were not the case then it would be possible to exploit a potential mispricing. If a trader saw the call option trading at higher than its fair value, the option should be sold and the duplicating portfolio purchased. If the option was trading below its fair value the option should be purchased and the duplicating portfolio sold.

A reasonable observation at this stage would be to note that the model as presented is not realistic:


	It is only a one-period model.

	Prices are assumed to move only once.

	The underlying price movement was assumed to be a fixed amount.

	No account has been taken of any possible income receivable by the asset.



However, when building a more realistic model, all of these restrictions can easily be relaxed while still applying the principles of the one-period model. For example, if one were trying to price a 12-month option, the modeller could simply decide to split the periods into smaller amounts—one day, one hour, one second. Since it is not our intention to write a full treatise on option pricing, interested readers requiring a more detailed explanation should refer to other texts such as Galitz (1996) or Hull (2008).

2.7.3 Monte Carlo simulation

Monte Carlo simulation is a technique that is used to price options when a closed-form solution such as Black–Scholes–Merton does not exist. Intuitively it is similar to the binomial process and involves generating a large number of randomly generated price scenarios. This means that the model has to make some assumptions about how the asset price will evolve over a particular period. In simple terms the Monte Carlo process makes two assumptions about how the asset price will move:


	The price will grow exponentially over time in line with the cost of carrying the underlying asset. So if holding the asset incurs expense (i.e., negative carry), the asset price will trend upwards and will trend downwards if the asset carries positively.

	The price will deviate unpredictably from its trend based on a random disturbance.



So to calculate the price of the option using the Monte Carlo process the steps are:


	Simulate the path of the asset using today's price and a period equal to the option's maturity.

	Use the final values of each simulation to calculate the payoff on the option.

	Perform this scenario analysis thousands of times over the same horizon.

	Calculate the average of all the option payoffs.

	The present value of this average is the value of the option.




Figure 2.9 Monte Carlo simulation.
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Figure 2.9 shows how the process might work with an asset whose price is initially 100. Many thousands of paths are simulated over a given time horizon of 100 days, resulting in a series of expiry prices that range from about 60 to 170. Knowing the strike of the option it would then be possible to calculate the at-maturity payoffs under each of these different scenarios. These payoffs are averaged and the present value of the result is considered to be the fair value of the option premium.

2.7.4 Put–call parity

Put–call parity is a very useful and under-rated concept that attempts to link the value of an option to its underlying market. The conditions of put–call parity will hold as long as the strike, maturity and amount are the same. If the conditions do not hold then it is possible for a trader to exploit a possible arbitrage. Put–call parity will vary according to the nature of the underlying asset and Tompkins (1994) details the concept in its different forms. In its simplest form it can be represented by the following expression:
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where:

C = price of a call option

P = price of a put option

F = the forward price of the underlying asset

E = the strike rate for the option

However, the significance of this relationship is perhaps not intuitive and so we could simplify the relationship to:
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where F is redefined as a long forward position in the underlying asset. Each of the symbols will be expressed either with a “+” or a “−” to indicate either a buying or selling position, respectively. So by way of the previous expression one could link the underlying market and the option by rewriting the equation as:
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That is, buying a call and selling a put is equivalent to a long position in the underlying. By rearranging this simple formula a number of different permutations could be derived. For example:
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That is, a short forward position can be replicated by selling a call and buying a put option.

Although at this stage the concept may appear somewhat dry, it is commonly used in the construction of a variety of different structures and as such we will return to it in subsequent chapters.

Appendix 2.1 Monetary Policy and Overnight Interest Rates

Bank of England

The main focus of the Bank of England's monetary policy is the Bank Rate, most commonly referred to as the Base Rate. One of the Bank's stated monetary policy objectives is to maintain overnight interbank interest rates in line with the Bank Rate. To achieve this they operate a reserves averaging mechanism supplemented by “Operational Standing Facilities” (OSFs).

Within the UK a certain number of institutions are authorized as clearing banks. These institutions hold accounts at the Bank of England and as a result all transactions with other clearing banks will be settled by debiting or crediting these accounts. Non-clearing institutions (for example overseas institutions) will need to hold a GBP bank account with a clearing bank in order to settle GBP transactions. As a result all interbank transactions will end up being directly or indirectly settled at the Bank of England. The level of these balances at the Bank of England is referred to as reserves.

The Bank of England operates a monthly reserve averaging scheme for the clearing banks, which runs between the dates on which the Monetary Policy Committee (MPC) meets to make decisions on the level of the Bank Rate. The clearing banks will set a target in advance for the average amount of reserves they will hold during this period based on their expectations of how business is expected to evolve. The banks are only required to meet this target for the month that they have forecast; they are free to change the target level of reserves for future months. On a day-to-day basis a commercial bank can vary the amount of reserves it holds as long as the average level of reserves over the period is no less than their stated target. All reserves held at the Bank of England earn interest at the Bank Rate. If a bank has sufficient reserves to meet its target it could lend the excess in the interbank market but is unlikely to do so at a rate less than the Bank Rate. Conversely, if a bank is short of reserves it will have to borrow in the interbank market at a rate that will most likely be higher than the Bank Rate.

If a bank is unable to maintain its average balance it will attract a charge from the Bank of England. To help avoid a situation where a bank with a reserve shortfall may be faced with the prospect of having to pay a punitive interest rate in the interbank market, the Bank of England offers OSFs. These allow banks to borrow on an overnight basis above the Bank Rate or to deposit excess reserves below the Bank Rate. As a result, a commercial bank with a reserve shortfall would not borrow at interbank rates that were less favourable than those offered by this mechanism. As a result, the interbank overnight rates should trade within this corridor of rates set by the Central Bank, i.e., the Bank Rate + / − the spread of rates offered under the OSF.

The Bank of England will manage the overall supply of reserves using “Open Market Operations”. The Central Bank will supply reserves by either lending against high-quality collateral (i.e., a reverse repo) or by the outright purchase of securities. It can reduce the level of reserves in the system and therefore reduce liquidity by borrowing against high-quality collateral (i.e., a repo) or by the issue of short-term government debt (“Bills”).

European Central Bank

The European Central Bank (ECB) is able to shape short-term rates by managing the liquidity of the money market using a number of different instruments. The principal aim of ECB monetary policy is to maintain price stability, i.e., to manage inflation. The main tools are the use of a reserve requirement, weekly refinancing operations and communications that indicate its stance on monetary policy.

One of the key elements of the ECB's monetary policy is the concept of the reserve requirement. The reserve requirement sets out the minimum amount of cash that commercial banks are required to hold with their respective National Central Bank over a specified period of time based on the structure of their short-term liabilities. This specified period is known as the “maintenance period” and lasts for approximately one month. It follows the meeting of the ECB's Governing Council at which an assessment of the current monetary policy stance is made.

In order to ensure that the banks can finance their overall borrowing and lending operations in light of the reserve requirement, the ECB will lend money for a limited time. One of these tools is the “Main Refinancing Operation” (MRO), where banks will bid for money on a weekly basis. The commercial banks will pay interest on these borrowings and lodge acceptable collateral. At the maturity of the transaction the banks repay the loan and their collateral is returned.

During the MRO the ECB sets a minimum bid rate below which it will not provide liquidity to banks at a lower rate. This minimum bid rate is set once a month by the ECB's Governing Council during their assessment of the current monetary policy stance. Banks submit their bids on a Monday evening and early Tuesday morning. These are then analysed by the Liquidity Committee, who submit a recommendation to the Advisory Board, who determine the total amount of funds to be allocated. Banks offering the highest interest rates will be served first until the full amount is allocated. The banks that fail to borrow using this mechanism would be forced to borrow in money markets; however, these rates are typically close to the minimum ECB bid rate. It is also possible for banks to lend or borrow at any time outside the scheduled weekly operations. The marginal lending facility allows commercial banks to borrow (albeit at a higher rate than the minimum bid rate) while the deposit facility allows them to lend any excess balances. However, this rate is lower than the minimum bid rate.

Overnight Index Markets

The Sterling Overnight Index Average (SONIA) was introduced in 1997 and represents a benchmark for rates traded in the overnight GBP money market. According to the British Bankers Association,9 it is calculated as the weighted average of all unsecured sterling overnight cash transactions brokered in London by Wholesale Markets Brokers' Associations' members. Eligible trades are conducted between midnight and 4:15pm and must have a minimum deal size of £25 million.

The Euro Overnight Index Average (EONIA) is the weighted average of all overnight unsecured lending transactions of the contributing panel banks that happen in the euro market on a given day. The ECB determines the rate every business day and publishes it at 19:00 Central European Time. The biggest driver of EONIA rates is ECB monetary policy.

The minimum rate at which one can borrow cash from the ECB (the MRO rate) essentially sets the minimum rate at which a bank can refinance itself through the weekly tenders. Clearly, this marginal rate will affect EONIA fixings in the market. This is because the EONIA fixings are based on all the unsecured overnight lending transactions that happen in a given day. If the secured weekly lending rate increases (perhaps due to a Central Bank rate increase), then banks will want to lend cash to the market at a higher rate than that at which they borrow it from the ECB.

Appendix 2.2 OIS discounting

In this appendix we consider a number of aspects relating to the discounting of interest rate swaps using an OIS curve. The approach taken is similar to that first outlined in ‘Understanding OIS discounting’ by Amrut Nashikkar (2011).

OIS curves

The first issue relates to the sourcing of OIS rates. One of the simplest ways to build an OIS curve is to use observed market values. The rates quoted for maturities of less than one year are zero coupon in style but those of longer maturities are par rates. Where the market does not quote an OIS rate it would be possible to derive a value using LIBOR rates and then adjusting them by the LIBOR–OIS basis which is quoted out to 30 years (see Figure 2.10).


Figure 2.10 LIBOR–OIS basis report. Report shows the difference between LIBOR and OIS rates of a given maturity in basis points. Effective dates are read vertically, maturities horizontally. Example: the spot starting 12-month LIBOR–OIS basis is 16.7 basis points.

Source: Barclays Capital Live. Reproduced with permission

[image: 2.10]


Value of swap at inception

When pricing a new swap under an OIS discounting framework, the floating cash flows will still be referenced to LIBOR but valued using OIS discount factors. The basic premise of swap pricing—that the transaction should be an equitable exchange of cash flows at inception—still remains true under the OIS discounting regime.

Suppose the following swap rates are observed in the market for annual payments against 12-month LIBOR.


	
	Swap rates
	OIS rates



	1 year
	3%
	1%



	2 year
	4%
	2%




The 1-year swap discount factor is:
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The formula for calculating the second year discount factor is

A1 [image: A1]

where:

Rt = Fixed swap rate

DFi = Discount factor for reset date i

αt = Accrual factor from t − 1 to t

Using equation A1, we derive the 2-year swap discount factor:

[image: images/c02_I0061.gif]

The 1-year LIBOR rate 1 year forward is then the ratio of the two discount factors (see section 2.3.4):
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Applying the same approach to the OIS rates, the 1-year and 2-year discount factors are:
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The formula for deriving forward LIBOR rates from OIS discount factors differs from the approach used under the LIBOR discounting regime:

A2 [image: A2]

where:

Lt−1, t = Forward LIBOR rate from t − 1 to t

Applying formula A2 we derive the 1-year forward rate:
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The result is 2 basis points lower than the forward rate derived from LIBOR discount factors.

If we used OIS discount factors to price a new swap, the first step would be to derive a series of forward LIBOR rates from the OIS curve and then solve for the swap rate that returns a zero net present value. However, since the forward rates derived using OIS discount factors are different than those derived using LIBOR discount factors the resulting fixed swap rate will be different. We can calculate the par swap rate from forward yields and discount factors using the following formula:

A3 [image: A3]

where:

F = Forward rate

DF = Discount factors

t = payment frequency

Applying formula A3 returns a par swap rate of 3.99%
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Changing swap valuations from LIBOR to OIS

The impact of moving from a LIBOR to OIS discounting regime for a swap that pays a fixed rate of ‘R' when the par rate is ‘r' can be approximated by estimating the DV01 of a stream of cash flows that pays the difference between R and r (DV01R−r):
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The formula also highlights that:


	ITM swaps will gain under OIS discounting as long as the LIBOR–OIS basis remains positive. This means that OTM swaps will lose value.

	The change in value of deeply OTM swaps will be significant if the LIBOR–OIS basis is volatile.

	Any swap valued under an OIS regime will be impacted by a change in the LIBOR–OIS basis even if the swap rate does not change.








End of sample
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