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FOREWORD

At a recent conference, I remarked that I felt a little like the Forrest Gump
of interest rate futures. One accident after another has placed me in the
company of people who have been innovative thinkers and doers in the
futures business, and it has been my good fortune that many of them have
been willing to work with me. I have, as a result, accumulated a long string
of debts to people and would like to take this opportunity to acknowledge
them.

First, I would like to express my thanks to Rick Kilcollin, who was a
colleague of mine at the Federal Reserve Board in Washington and who,
when he became Chief Economist at the Chicago Mercantile Exchange,
freed me from a life of bureaucratic strife and brought me to Chicago in
1983. Rick worked with Fred Arditti on the design of the Eurodollar futures
contract, and it was through my association with the Exchange membership
and work on various Exchange committees that I began to get an
appreciation of what this market was all about.

Once in Chicago, I jumped ship in 1986 to work for Morton Lane at
Discount Corporation of New York Futures, and it is to Morton that I may
well owe the greatest debt. Morton is insatiably curious about the way the
world works and believes passionately that research and education provide
the most solid foundations for building customer relationships. He also
assembled one of the finest futures brokerage teams ever in the history of
the business, and he expected all of his senior sales people to be able to
think and teach. As a result of his commitment to research and his genius in
recruiting, we were able to write and publish the original Eurodollar
Futures and Options with Probus in 1991. My coauthors on that volume
were Terry Belton, Morton Lane, Geoff Luce, and Rick McVey, each of
whom brought a host of insights to our understanding of Eurodollar futures
and options.

All that remains of the original volume appears here in chapter 1, which
recounts the history of the Eurodollar cash and derivatives markets. But the
influence of my original coauthors pervades everything. Terry taught me



how to solve problems. Morton lived and breathed the markets as they
developed. Geoff was the original designer of what we called the “Short
End” money market report (which has morphed into the “Daily Zero to
Ten” report that you will find later in this book). Rick taught me the
practical difference between one-sided arbitrage (shopping for the best
price) and two-sided arbitrage (using the bank’s balance sheet) and which
was more important for keeping cash and futures rates in line with one
another.

Soon after the publication of Eurodollar Futures and Options, Discount
Corporation of New York Futures was sold to Dean Witter, where we
became Dean Witter Institutional Futures. It was here that I was able to
embark on a string of research projects that produced several of the
chapters that make up this book. The really serious work was done at Dean
Witter, largely because we were able to hire Bill Hoskins out of the Ph.D.
program at the University of Chicago. Bill is one of those living, breathing
whizzes who can combine theoretical insight and understanding with views
of the world that traders understand.

Perhaps the high point of my career in Eurodollar futures was my work
with Bill Hoskins on the value of the convexity bias in (or, as Bill would
argue, not in) Eurodollar futures. A lot of people claimed to know
something about convexity, and Terry Belton and I had even written a piece
called “The Financing Bias in Eurodollar Futures” that covered the same
ground in 1989. Even so, it was Bill’s particular insight that allowed us to
present the problem the way we have in “The Convexity Bias in Eurodollar
Futures” (see chapter 7). He combined his theoretical understanding of
convexity with the way a trader would think about the problem, and it was
this combination that made the research so accessible to the market. Bill
also provided the key thinking behind “Measuring and Trading Term TED
Spreads” in chapter 11 and “Hedging Extension and Compression Risk in
Callable Agency Notes” in chapter 14. I still call him whenever I need help
with whatever thorny problem I am wrestling with at the time.

I have learned from and been helped by several other colleagues in
research. These include: Niels Johnson, who personifies positive gamma
and whose programs still run; Lianyan Liu, who is a blindingly fast thinker
and problem solver; Scott Lyden, who brought great insight to our
understanding of Eurodollar options; George Panos, who, more than
anyone I have known, loves to tackle pricing and hedging questions and has



been invaluable in keeping our research grounded in the problems that vex
our clients; Fred Sturm, who has a marvelous turn of mind and a visual way
with data that is a wonder to behold; and Eric Zhang, who is another
blindingly fast thinker and problem solver. I have learned, too, from my
colleagues in sales as well. Both Mike Bagatti and Kevin Ferry found
themselves pulled into research projects on Eurodollar options and the year-
end turn, and I am in debt to them both.

I would like to thank several others for the help they have provided over
the years. Jeff Johnson (Carr Futures) has been tireless and faithful in
working with data, charts, publication issues, and general all-around work.
Steve Youngren (Chicago Mercantile Exchange) was a colleague of mine in
research when I arrived there in 1983. He was then and is now part of the
corporate memory of the Exchange and is still just as generous with his
time and energies as he was then. Celeste Pretzel (Carr Futures) and Sandy
Gartler (Carr Futures) helped us with some thorny desktop publishing
questions. And Sean Doyle and Sandy Sloane (both of Bank of America)
have always been willing to answer questions about the real workings of
the swap market.

I have a special affection for the Chicago Mercantile Exchange, and I am
happy to say that they seem to have an affectionate regard for me as well.
In June 2002 I spoke with Peter Barker, Vice President of Interest Rate
Marketing at the CME, about this project and asked him if they could
support it. His immediate answer was yes, and at his urging, the CME’s
support was both generous and immediate. It is my good fortune to know
such people and that my friends at the Merc think enough of this work that
they were willing to publish the book jointly with McGraw-Hill.

I am grateful, too, for my position at Carr Futures, where I have been
director of research for the past six years. Never in my wildest dreams
could I have imagined a working life like the one I have now; it has given
me the freedom and flexibility to undertake projects like this book. I have
enjoyed the complete support of my colleagues, both in research and in
sales, and it is only through their support that I have ever been able to get
anything done at all.

I would like to thank Susan Kirshner. Susan’s contributions are
everywhere. She joined me at Discount Futures in 1986 and was a
colleague of mine in research for more than ten years. She helped with the
original research notes. She wrote code. She helped teach our classes. She



is a co-author of two of the papers that appear in this volume. She prepared
the two chapters on contract specifications and the glossary. And it is only
because of her extraordinary ability and commitment to this project that
The Eurodollar Futures and Options Handbook has seen the light of day.
Our objective in this book was to create a volume that would combine basic
tools with research applications and that would allow us to include our
collected research on Eurodollar futures in a single volume. And while the
idea was a simple one, its execution was not. Through sheer force of
intellect, will, and hard work, Susan has pulled together the separate pieces
and imposed a beautiful sense of cohesion and flow on the whole thing.
One could not ask for more.

And last, I would like to express my profound appreciation for the
inspiration, drive, and devotion of Leo Melamed to building the Chicago
Mercantile Exchange into the force it has become in the world of finance.
He is an extraordinary man to work with and for, and I am quite sure that
none of what we now take for granted in financial futures trading would
have been possible without him. He may have had a lot of help along the
way, but it was his brilliance, focus, and passion for the cause that brought
us to where we are today. Thank you, Leo. I am in your debt.

Now then, I hope that you (the reader) enjoy the fruits of our labors.

Galen Burghardt



PART ONE 
The Emergence of the Eurodollar Market

It was my good fortune in 1983 to be hired by Rick Kilcollin, who was
Chief Economist at the Chicago Mercantile Exchange and one of the
designers of the Eurodollar futures contract. I later went to work for Morton
Lane at Discount Corporation of New York Futures. Morton was doing
pioneering work in the money markets. Prior to Discount, he had spent time
in the investments group at the World Bank and had gained expertise in the
swap market.

I arrived in Chicago just about the time Eurodollar futures began to take
off. I spent much of my time working with people who not only knew
where we had been but who had a remarkable vision about where the world
of applied finance might be going. The history of Eurodollar futures that
you will find in this section is the collective work of those who were there
at the creation and those who had a lot to do with making these contracts a
success.



CHAPTER 1 
The Emergence of the Eurodollar Market

Galen Burghardt, Terry Belton, Morton Lane, Geoffrey
Luce, and Rick McVey

The Eurodollar market—the market for dollar-denominated deposits
outside of the United States—is perhaps the largest and most liquid of the
world’s short-term dollar markets. At the same time, swaps based on the
London Interbank Offered Rate (LIBOR) and Eurodollar futures, together
with their option counterparts, are without question the most liquid and
actively traded money market derivatives. For that matter, the LIBOR-
based swap market has become so large and liquid that swap rates have
largely displaced government bonds as the standard of value against which
fixed income instruments are compared.

Our purpose in this chapter is to provide a thumbnail history of where
these markets came from and how they got to be as big as they are.

THE REVOLUTION IN FINANCE
The 1970s, 1980s, and 1990s witnessed a complete transformation in the
world of banking and finance. Before 1970, banks did business by
accepting short-term deposits at low regulated rates and then offering
longer-term business and personal loans at higher rates.

Then came the 1970s and inflation, which forced the banking system to
realize two things. First, the high interest rates produced by inflation forced
cash out of the regulated deposit market and led to the creation of an active,
unregulated money market. If banks were to compete for cash, the shackles
of deposit regulation would have to be removed, and in time they were.
Second, the steep inversion of the yield curve, which was most extreme
during Paul Volcker’s first two years as Chairman of the Federal Reserve in
1979 and 1980, forced the banks to face up to the yield curve risk that went
with the old model of banking. By the 1980s, cash had become a traded



commodity, and banks knew that they had to find ways to manage their
interest rate risk.

At the same time, the finance profession was hard at work fanning the
flames of revolution. The intellectual offsprings of Markowitz, Modigliani,
and Miller produced a great outpouring of new ideas that led to the trading
of options on exchanges, the stripping of Treasury bonds into their
individual parts, the worldwide integration of money markets, and the
market for interest rate derivatives.

Two innovations in applied finance matter most for the readers of this
book. First was the idea that each cash flow associated with a coupon-
bearing bond not only could, but should, be treated as a zero-coupon bond.
This insight allowed financial engineers to look at any given bond as
simply a collection of zeros, each of which could be valued separately and
consistently. Second was the idea that one could trade the price of a
commodity without trading the commodity itself. This insight allowed the
market to focus in on price or interest rate risk and to develop interest rate
derivatives—swaps, forward rate agreements, and futures on bank deposit
rates and government bonds. It was interest rate derivatives that finally
allowed bankers to understand their interest rate risk and to manage it
cheaply and effectively.

Zero-coupon bonds and interest rate derivatives really took hold in the
1980s, as people learned how to strip the coupons from U.S. Treasury
bonds and to reassemble them, and how to unbundle and repackage
residential mortgages in the form of mortgage-backed securities.

By the time the 1990s arrived, most of the real thinking and innovation
was in place for the revolution in banking and finance to take complete
hold. The 1990s were a time of growth, expansion, and consolidation for
the interest rate derivatives market. Interest rate swaps in the over-the-
counter market and Eurodollar futures in the exchange-traded market grew
by leaps and bounds. Moreover, swaps and bank deposit rate futures spread
to every major money market in the world. At this writing, swap rates have
muscled their way into the center of the fixed income world and have
become the interest rates against which nearly all yields are compared. It is
now standard practice for every well-run bank to state its interest rate
exposure in terms of 3-month Eurodollar futures equivalents.

THE FUTURES REVOLUTION



Such a complete transformation of the world of banking and finance would
not have been possible without futures in general and Eurodollar futures in
particular.

The futures market pioneered the idea that one could trade the price
separately from the commodity itself. Economists have argued for years
that a commodity possesses several useful characteristics, only one of
which is its price. And once one could trade the price without actually
buying or selling the commodity, the costs of hedging and speculating
dropped like a stone. The futures market also pioneered a set of risk
management practices that have slowly taken hold in other parts of the
financial world. The ideas of requiring collateral to guaranty performance,
marking positions to market every day, and settling up gains and losses in
cash on a regular basis have had a wonderfully tonic effect on risk
managers outside of the futures world.

The idea of financial futures took hold in the early 1970s. Although
futures had been traded on a wide range of metals and agricultural
commodities since the middle of the 19th century in this country, and had a
history reaching back several centuries in other parts of the world, the idea
of trading futures contracts on things like foreign currencies and interest
rates at first struck people as outrageous.

By the early 1980s, however, we were able to trade futures contracts on
foreign currencies, stock indexes, government bonds, and Eurodollar bank
deposit rates. Of these, perhaps the most important was the Eurodollar
contract, without which the interest rate swap market would never have
gotten off the ground and grown the way it has. Eurodollar futures are the
financial building blocks of the swap market. They provide the rates from
which swaps can be priced, and they provide the tools that dealers need to
hedge them.

KEY MONEY MARKET DEVELOPMENTS
The Eurodollar market now dominates trading in private short-term money
market instruments. This was not always so. For almost two decades, until
the early 1980s, certificates of deposit (CDs) issued by U.S. banks played
this role.

The seeds of the money market revolution were planted in 1961 when
Citibank (then First National City Bank of New York) issued the first CD.



This was followed in 1966 with the issuance of the first Eurodollar CD.
(See Exhibit 1.1 for a summary of key money market developments.)

EXHIBIT 1.1 
Milestones in the Development of the Dollar Money Markets



The importance of the CD was that it could be traded. Until CDs came
along, bank deposits were a sticky kind of liability or asset (depending on
whether you were the bank or the depositor). CDs, however, could be
bought and sold just like Treasury bills. As a result, banks and depositors
could change the shapes of their respective balance sheets at will. The value
that depositors placed on the right to trade CDs was reflected in a lower
yield than was paid on conventional term deposits.



CD issuance exploded in the 1970s because of the combined forces of
inflation and the ceilings placed on bank deposit rates by the Federal
Reserve’s Regulation Q. Exhibit 1.2 shows the effect of rising inflation on
short-term interest rates. The upper limits on the rates banks could pay put
banks at a competitive disadvantage in the market for funds.

EXHIBIT 1.2 
Inflation and 3-Month Treasury Bill Yields 
1960 through May 2002

Large CDs were finally freed from deposit rate regulation, and gave
banks a way out. Money market funds became a conduit for placing large
CDs in the hands of people who otherwise would have held their liquid
assets at banks. Rising inflation throughout the 1970s kept forcing interest
rates up, and CDs became a major force in U.S. money markets.

The beginning of the end of the CD market’s explosive growth came in
1982. For one thing, the Federal Reserve took a big step in removing
regulations from bank deposits by creating money market deposit accounts
in December 1982. These new accounts meant that people could get



competitive interest rates directly from banks rather than indirectly through
money market funds.

For another, the banks that issued CDs were running into serious
financial problems that greatly affected the world’s perception of banks’
creditworthiness. Continental Illinois, for example, faced huge loan losses
on its Mexican debt portfolio and had to withdraw from the domestic CD
market in the summer of 1982. Chase Manhattan encountered defaults in
the Treasury repo market through its dealings with Drysdale. Until these
problems surfaced, the CDs of the top ten U.S. banks had been bought and
sold as if they were part of a nearly homogeneous, high-quality pool.
Continental’s and Chase’s problems made it clear that not all CDs were the
same, and the secondary market for CDs lost much of its liquidity as a
result.

The combined effect of the new money market deposit accounts and the
credit problems of various large banks was a huge reduction in the demand
for CDs.

WHY EURODOLLARS?
At the same time, the Eurodollar market was moving from strength to
strength. As shown in Exhibit 1.3, the Eurodollar market continued to grow
even after 1982 when the CD market began to shrink.

EXHIBIT 1.3 
Growth of the Eurodollar Market: Eurodollars Outstanding* 
Year-End 1973 through 2001





The Eurodollar market owes its early success to a variety of forces:
• Eurodollar deposits were always unregulated and therefore were a

competitive source of funds during the years before the interest rate
ceilings on domestic deposits were lifted by the Federal Reserve.

• Eurodollar deposits were a cheaper source of funds to the extent they
were free of reserve requirements and deposit insurance assessments.

• The dollar was becoming the currency of choice for a great number of
the world’s trade and asset transactions.

• The Soviet Union’s international trade dealings required them to hold
substantial dollar deposits, but they were unwilling to hold them in
banks in the United States.

Reasons for the continued success of the Eurodollar market throughout the
1980s are less clear, but three things stand out.

First, the Eurodollar market escaped the worst of the problems of
creditworthiness that had such a depressing effect on the U.S. CD market.



Second, money markets were almost completely integrated by the middle
of the 1980s, so that banks were nearly indifferent between borrowing
domestically or borrowing abroad. This point is illustrated clearly in
Exhibit 1.4, which shows that the difference between Eurodollar deposit
rates and CD rates was nearly constant by the beginning of 1986. The
difference between the two rates represented nothing more than the cost of
reserve requirements and deposit insurance. Third, interest rate derivatives
such as swaps and caps appeared in the early 1980s and proved to be very
successful financial instruments.

EXHIBIT 1.4 
CD Futures Volume versus Eurodollar/CD Futures Rate Spread

EURODOLLAR FUTURES
The Eurodollar futures contract, which today is the most widely traded
money market contract in the world, was the product of considerable
experimentation. The key events leading up to the listing of the Eurodollar
contract are summarized in Exhibit 1.1. To begin, the CME listed futures
contracts on foreign currencies in 1972. These were the first financial



futures ever traded. Then, in 1976, the CME listed futures on 3-month
Treasury bills. These were the first money market futures ever traded.

The Treasury bill contract proved successful, and the Chicago exchanges
as well as the newly formed New York Futures Exchange (NYFE) began to
look elsewhere for new products. As shown in Exhibit 1.5, the events
surrounding the financial upheavals of 1973 and 1974 proved just how
volatile the spread between private money market instruments and Treasury
bills could be. In the face of this much volatility in the private money
market credit spread, Treasury bill futures could be a very bad hedge for
private short-term liabilities.

EXHIBIT 1.5 
The Spread between 3-Month CD and Treasury Bill Rates 
June 1964 through June 2002

From this, the futures exchanges concluded that the world could use a
futures contract on private short-term obligations. The first effort was the
Chicago Board of Trade’s (CBOT) contract on 90-day commercial paper,
which was listed in 1977. This contract failed, largely because 90-day
commercial paper was not a sufficiently homogeneous commodity. The
credit risks behind the individual issuers, especially in light of the problems



created by Chrysler’s brush with bankruptcy, loomed much too large in
people’s minds for them to take the contract seriously. The CBOT’s second
effort, a 30-day commercial paper contract, also failed.

The exchanges turned next to the domestic CD and Eurodollar markets,
which had been growing rapidly since 1972. The CME’s records show that
its Interest Rate Committee was working on the details of both a domestic
CD and a Eurodollar contract as early as July 1979, which predates the
onset of Volcker’s monetary experiment.

By the spring of 1980, the CBOT, the CME, and the NYFE had all filed
their respective applications. They did not get approval until the next year,
and in July 1981, all three CD contracts were listed for trading.

Technically, the NYFE’s contract was listed first. Of the three, however,
the CME’s prevailed and began its short but comparatively active trading
life, which is charted in Exhibit 1.6. The race does not always go to the
swift!

EXHIBIT 1.6 
Average Daily Trading Volume for 3-Month Treasury Bill, Certificate of
Deposit, and Eurodollar Futures 1976 through 2001



All three exchanges also had been working on various forms of a
Eurodollar futures contract, which posed interesting design challenges. The
biggest of these challenges was answering the question of delivery.



Eurodollar CDs were a tradable commodity, but they represented a
comparatively small slice of the Eurodollar market. Even so, the CBOT
filed for approval but never listed a contract based on the delivery of Euro
CDs.

Eurodollar time deposits, on the other hand, made up a large part of the
Eurodollar market but were not negotiable. The CME originally proposed a
time deposit contract that would be settled by the short opening a time
deposit on behalf of the long. This approach had the advantage of
preserving delivery integrity, but it was cumbersome, and the idea of cash
settlement was floated.

At the time, there was no such thing as a cash-settled futures contract.
Once the CME was satisfied that the cash settlement procedures would not
be subject to manipulation, they filed a Eurodollar contract on that basis, as
did the NYFE. Because the idea of cash settlement was breaking new
ground, the Commodity Futures Trading Commission’s deliberations on the
concept required considerable time. Their approval when it came, however,
was revolutionary and paved the way for stock index futures as well.

Although Eurodollar futures took longer to gain regulatory approval, the
end result was a contract that was rooted in a large, liquid, and growing
market that was designed to be insulated from the dangers posed by
heterogeneous bank credits.

The device that protected the Eurodollar contract from the forces that
brought the CD contract down was cash settlement. Initially, the final
settlement price on the last day of trading for a Eurodollar contract was
determined by the CME, which conducted a poll of banks in London. The
CME’s survey had two important features:

• The CME asked each bank its perception of the rate at which banks in
London were willing to lend to other prime quality banks. The CME
avoided in this question asking a bank the rate at which it was lending
to any other particular bank.

• The CME threw out high and low responses and calculated the final
settlement price using the middle quotes.

The effect of the first of these features was that the survey skirted the
problem of individual bank credits. The intended effect of the second was
to insulate the final settlement price from capricious manipulation. A bank



that misrepresented the market outrageously would have no effect on the
final outcome. As a result, the banks polled in the CME’s survey likely
responded truthfully, although it would be naïve to suppose that their
responses never reflected their positions in the cash and futures markets.1

THE DEATH OF CD FUTURES AND THE BIRTH OF
EURODOLLAR FUTURES
The big turning point in the lives of these two contracts came in 1982,
which was also a watershed for their respective cash markets. The
depressing effect on the CD market of deposit deregulation and the
financial difficulties of banks such as Continental Illinois and Chase
Manhattan were felt as well in the CD futures market. The banks’ credit
problems also unsettled the market for the CD futures contract by clouding
the picture about what would be deliverable.

For some time, the CDs of the top ten banks had been traded almost as if
they were a homogeneous commodity. When Continental withdrew from
the domestic CD market in 1982 and other banks began to feel the effects
of financial stress, the upper tier of the CD market began to lose its
homogeneity. Traders became more acutely aware of whose CDs were
offered by other traders and how much of any one bank’s CDs were on their
books.

This concern about credit quality spilled over into the CD futures
markets, where traders began to worry about just which bank’s CDs they
would receive if they took delivery. The price of a futures contract that
involves the delivery of an actual commodity is driven by the price of the
commodity in the eligible set that is cheapest to deliver. Traders became
cautious about trading CD futures because there was so much uncertainty
both about what and how cheap the cheapest to deliver might be.

At about the same time, as shown in Exhibit 1.4, the integration of world
money markets was stabilizing the spread between U.S. and Eurodollar CD
rates. From the standpoint of futures traders, this stabilization of the spread
meant that Eurodollar and CD futures were becoming nearly perfect
financial substitutes for one another. The only differences came down to
issues such as liquidity and deliverable supply. Given the headaches caused
by the uncertain quality of deliverable supply for the CD contract, traders
began to favor Eurodollar futures.



The results of these various developments are summarized in Exhibit
1.6. CD futures trading had peaked by early 1983. By 1984, Eurodollar
futures trading had caught up with and passed trading in CD futures. By
1985, Eurodollar futures were more actively traded than 3-month Treasury
bill futures and have been so ever since. By 1986, CD futures were dead,
although the CME did not officially bury the contract until 1987.

THE MARKET FOR INTEREST RATE DERIVATIVES AT THE
BEGINNING OF THE 21ST CENTURY
At this writing, in 2002, the interest rate derivatives market is highly
developed and quite complete. There are exchange-traded money market
futures for the wholesale market and over-the-counter swaps for the retail
corporate market. There are options on futures, interest rate caps, and
options on swaps (swaptions). And one can find these instruments in every
major financial market in the world. The growth of the markets has been
explosive. Exhibit 1.7, for example, shows the global growth of swaps
outstanding from 1987 through 2001. Exhibit 1.8 displays the growth of
U.S. versus global swaps from 1998 through 2001.

EXHIBIT 1.7 
Global Interest Rate Swaps Outstanding Converted to U.S. Dollars



EXHIBIT 1.8 
Global versus U.S. Interest Rate Swaps Outstanding Converted to U.S.
Dollars

Exchange-Traded Money Market Futures and OTC Interest Rate
Swaps

The exchange-traded and over-the-counter (OTC) interest rate markets go
hand in hand but appeal to very different markets. Eurodollar futures are for
the wholesale financial market—the dealers who price and hedge interest
rate swaps and the banks whose business it is to serve as conduits for cash
and to manage their exposure to the yield curve with considerable finesse.
Eurodollar futures are great at what they do but require their users to settle
gains and losses daily in cash; to be able to deal with yield curve
approximations; to understand the subtleties of forward, zero-coupon, and
coupon yield curves; and to appreciate the importance of convexity in
understanding rate relationships between competing interest rate products.

The OTC swap market is best designed for retail corporate users because
they transact less frequently and work under a different set of accounting,
regulation, and tax standards. For corporate treasurers, the cash flows are
less frequent and more predictable. And the collateral requirements often



are less onerous. Using swaps correctly does require a solid appreciation of
credit risk, counterparty risk, and balance sheet issues that tend not to be a
problem in the futures market.

Options on Futures, Forward Rates, and Swaps
In the market for options on futures, exchanges provide a rich and varied
set of possible instruments. These include the standard quarterly options for
which the option and the underlying futures contract expire on the same
day, and the serial and mid-curve options for which the options expire
before the underlying futures contract. The over-the-counter market offers
two basic choices: caps, which represent a sequence of options on forward
rates, and swaptions, which represent single options on a term swap rate,
which in turn represents a combined sequence of forward rates.

Markets around the World
If we take the presence of an exchange-traded money market futures
contract as evidence of an active interest rate derivatives market, we can
conclude that all of the world’s major money markets are covered. Exhibit
1.9 provides a list of exchanges on which one can trade money market
futures and options. The list shows how widely accepted interest rate
derivatives trading has become.

EXHIBIT 1.9 
Exchanges That Trade Money Market Futures





PART TWO 
Building Blocks: Eurodollar Futures

The Eurodollar time deposit market has become the linchpin of the private
credit market for dollar-denominated transactions. Maturities in this market
extend out as far as 10 years. At the same time, one of the major thrusts of
financial innovation has been to separate conventional financial products
into their basic components. This is evident, for example, in the creation of
many zero-coupon bonds by the stripping of coupons from conventional
Treasury bonds. We also find investors breaking up the yield curve into
segments. The result is a mix-and-match world in which a borrower or
lender can have just about any kind of liability or asset imaginable.

In part because of the extraordinary success of the 3-month Eurodollar
futures contract, the 3-month Eurodollar time deposit has become one of
the basic building blocks of the short end of the yield curve.

The purpose of these chapters is to provide what you need to know
about the Eurodollar time deposit market and to show how Eurodollar
futures fit in. In particular, we will explain what Eurodollar futures are, how
they are priced, and how they can be used to hedge the cost of funds.



CHAPTER 2 
The Eurodollar Time Deposit

A Eurodollar time deposit is nothing more than a dollar deposit with a bank
or bank branch outside of the United States or with an international banking
facility (IBF) located in the United States. The world’s center for
Eurodollar trading is London, but there are active Eurodollar markets in
other parts of the world as well.

In this chapter, we cover various aspects of the Eurodollar time deposit
market, including:

• Maturities and settlement
• Quotes
• LIBOR and LIBID
• Interest rate calculations

MATURITIES AND SETTLEMENT
Exhibit 2.1 shows the bid and ask rates for Eurodollar time deposits with
maturities ranging from overnight to 10 years. The rates begin with two 1-
day term deposits: overnight (O/N) and tomorrow next (T/N). Each
represents a 1-day term, but the overnight rate settles today and the
tomorrow next rate settles tomorrow. A spot/next rate, not shown here but
available for trading, represents a 1-day rate that settles 2 days from now.

EXHIBIT 2.1 
Eurodollar Deposit Rates Monday, June 17, 2002





The next basic maturities are 1, 2, and 3 weeks. Beyond this, the
standard maturities range from 1 month to 12 months in single-month
increments. Maturities then fall every year out to 10 years. Any other
maturity can be negotiated. The settlement period is 2 London business
days for all deposit maturities, with the exception of overnight and
tomorrow next deposits.

QUOTES
Eurodollar deposits are add-on as opposed to discount instruments.
Consequently, a $1 million Eurodollar transaction requires the initial
transfer of $1 million, while a $1 million Treasury bill transaction requires
an initial transfer of something less than $1 million.

Interest rates for Eurodollar deposits are money market yields quoted in
percentage points and fractions of percentage points. The Eurodollar
deposit market uses the ACT/360 day count convention to calculate
interest.

LIBOR AND LIBID
In practice, the rate at which a London bank is willing to lend dollars is
known as LIBOR, which is an acronym for London Interbank Offered Rate.
The rate at which a London bank is willing to borrow is referred to by the
less well known LIBID, or London Interbank Bid Rate. For example, as
shown in Exhibit 2.1, 1-month Eurodollars were offered at 1.81 percent
(LIBOR) and bid at 1.78 percent (LIBID) as of June 17, 2002. That is, the
quoting bank was willing to lend dollars for 1 month to a prime credit at
1.81 percent and to accept anyone’s deposit at 1.78 percent for a spread of 3
basis points.

INTEREST CALCULATIONS
For deposits with maturities less than or equal to 1 year, interest is paid at
maturity. For deposits with maturities past 1 year, interest is paid on each
anniversary and at maturity. For example, interest on a Eurodollar deposit
with 1 year or less to maturity would be calculated as shown in Equation
2.1.



EQUATION 2.1 
Interest on a Eurodollar Term Deposit

where

Deposit is the dollar amount
    Rate is the quoted rate
    Days is the actual number of days in the deposit term

Days/360 represents the fraction of a year based on the ACT/360 day count
convention. The U.S. dollar, Euro (€), Japanese yen, and Swiss franc
money markets all use the ACT/360 day count convention. The British
pound and Canadian dollar money markets use the ACT/365 convention.
For these currencies, the fraction of a year in Equation 2.1 would be
Days/365.

Interest on a time deposit with more than 1 year to maturity would be
calculated in stages. On each anniversary, the interest paid out on the
deposit would be calculated as shown in Equation 2.1, with “Days” equal to
the actual number of days between anniversary dates. The final interest
calculation for any remaining partial year is done just as it would be for a
deposit with less than 1 year to maturity, using the actual number of days
remaining in the deposit’s life.

EXAMPLE 2.1

CALCULATE INTEREST ON A 1-MONTH EURODOLLAR
DEPOSIT
Calculate interest on a 1-month deposit as of Monday, June 17, 2002, with
1-month LIBID at 1.780%.

By Eurodollar money market convention, the settlement date is 2
London business days later, on Wednesday, June 19. Maturity for this 1-
month deposit is on Friday, July 19. There are 30 days in the deposit period
(from June 19 to July 19). Interest on each $1 million of this 1-month
deposit is:



EXAMPLE 2.2

CALCULATE INTEREST ON A 2-YEAR EURODOLLAR DEPOSIT
Calculate interest on a 2-year deposit as of Monday, June 17, 2002, with 2-
year LIBID at 3.295%.

The deposit settlement date is June 19, 2002. The first interest payment
will be paid on Thursday, June 19, 2003. The second and final payment
falls 2 years later on June 19, 2004, but this is a Saturday, so maturity of
the deposit gets moved to Monday, June 21, 2004.

There are 365 days in the first interest period. The interest on a $1 million
deposit is:

The second interest payment covers the 368-day period between June 19,
2003 and June 21, 2004. The interest is:



CHAPTER 3 
The Eurodollar Futures Contract

Eurodollar futures contracts were first listed by the Chicago Mercantile
Exchange (a.k.a. CME or “Merc”) in December 1981. They were followed
in 1982 by the London International Financial Futures Exchange (now the
London International Financial Futures and Options Exchange, LIFFE) and
in 1984 by the Singapore International Monetary Exchange (SIMEX; now
the Singapore Exchange, SGX).1

Today, only the CME and SGX are major players in Eurodollar futures.
The contract is traded via open outcry at the CME and SGX and
electronically via the CME’s GLOBEX system. With the exception of
trading hours, the contracts traded at the CME and SGX are identical.

The purpose of this chapter is to introduce Eurodollar futures by
covering:

• Contract specifications
• Performance bonds
• Volume and open interest

We also highlight several non-dollar 3-month money market futures.

CONTRACT SPECIFICATIONS2

The Eurodollar futures contract specifications are described below and
summarized in Exhibit 3.1.

EXHIBIT 3.1 
Eurodollar Futures Contract Specifications





Contract Unit
The contract unit is $1,000,000 3-month Eurodollar time deposits.

Price Quote
Bids and offers are quoted in terms of the IMM (International Monetary
Market) index, or 100.00 minus the yield on an annual basis for a 360-day
year. For example, a deposit rate of 3.25 will be quoted as 96.75 [= 100.00
− 3.25].

Tick Size
The basic tick size is 0.01 (or 1 basis point, often represented by bp). The
dollar value of a tick is $25, which accords with the change in the value of
a 90-day $1,000,000 instrument.

Minimum Fluctuation
The nearest expiring contract month trades in quarter ticks or 0.0025
($6.25). The minimum price fluctuation for all other contracts is a half tick
or 0.005 ($12.50).

Listed Contract Months



Each Eurodollar futures contract represents a 3-month deposit rate
beginning some time in the future. Eurodollar futures contracts trade out 10
years in the quarterly cycle and have expirations in March, June,
September, and December. Four serial contracts with expirations outside of
the quarterly cycle also trade. Serial contract months include January,
February, April, May, July, August, October, and November. For example,
during June, the 44 listed contracts include the 40 quarterly contracts plus
the 4 serial contracts in July, August, October and November.

March, June, September, and December. Four serial contracts with
expirations outside of the quarterly cycle also trade. Serial contract months
include January, February, April, May, July, August, October, and
November. For example, during June, the 44 listed contracts include the 40
quarterly contracts plus the 4 serial contracts in July, August, October and
November.

Contract Month Symbols
Each Eurodollar futures contract is identified by its month and year. The
futures market has created symbols to represent each month (see Exhibit
3.2).

EXHIBIT 3.2 
Contract Month Symbols



For example, the contract that expires in September 2003 is often
represented as EDU3, where ED represents Eurodollar futures, U represents
September, and 3 represents the last digit of the year. Bloomberg makes use
of the contract month symbols in its EDSF function, which displays
Eurodollar futures prices for each of the 40 quarterly expirations. (Exhibit
3.3 shows the first EDSF screen, with 14 Eurodollar futures contracts.)

EXHIBIT 3.3 
Bloomberg EDSF Function Prices for June 17, 2002



Color-Coded Grid
With 10 years of contracts, the market has also come up with creative ways
to indicate groups of contracts. The CME defines expiration years in terms
of a color-coded grid, with 4 quarterly cycle contract expirations per color
(see Exhibit 3.4). For example, the first 4 quarterly contracts make up the
“whites.” As of June 12, 2002, this would be the June 2002, September
2002, December 2002, and March 2003 contracts. The next 4 quarterly
contracts make up the “reds.” The next 4 contracts make up the “greens”
and so on.

EXHIBIT 3.4 
Contract Year Color Grid As of June 12, 2002



This color-coded grid also allows traders to describe a specific part of
the yield curve. For example, the “third red,” as shown in Exhibit 3.4,
represents a 3-month deposit rate between 1-1/2 to 1-3/4 years in the future,
depending on how soon the lead contract expires.

Expiring versus Lead Contract
Market terminology can be confusing at times. For example, people often
use the phrases “expiring contract” and “lead contract” interchangeably.
This is not correct. The expiring contract is the one that is nearest to futures
expiration. The lead contract is the most active contract and is designated as
the lead contract by its location on the floor of the exchange. The expiring
contract and the lead contract may or may not be the same.

Trading Hours and Mutual Offset
Since 1984, the Chicago Mercantile Exchange and the Singapore Exchange
have used a mutual offset system (MOS) to create a trade linkage between
the two exchanges. The mutual offset system allows a trade executed at the
CME to be transferred to SGX or a trade executed at SGX to be transferred
to the CME. This offset is possible because the Eurodollar futures contracts
on the two exchanges are fungible.

Final Settlement Price



The Eurodollar futures contract is cash settled to a final settlement price
that is tied to spot 3-month LIBOR. The final settlement price is 100 minus
the British Bankers’ Association Interest Settlement Rate (BBAISR) for 3-
month Eurodollar interbank time deposits, rounded to the nearest
1/10,000th of a percentage point, on the second London bank business day
immediately preceding the third Wednesday of the contract month.

In order to calculate the BBAISR, the British Bankers’ Association
selects 16 reference banks, all of whom are major participants in the
London Eurodollar market, and asks them to provide rates at which they
could borrow U.S. dollars through the interbank market. The quotes are
rank ordered and the middle two quartiles are arithmetically averaged for
the fixing. The fixing is conducted at 11 a.m. London time.

Last Trading Day
The Eurodollar futures contract terminates trading at 11:00 a.m. London
time on the second London bank business day immediately preceding the
third Wednesday of the contract month. This is 5:00 a.m. Chicago time,
except when daylight savings time is in effect in either, but not both,
London or Chicago.

From a practical perspective, the last day of trading on the CME floor is
the third business day immediately preceding the third Wednesday of the
contract month. Barring holidays, this is the Friday preceding expiration.
The contract is last traded on GLOBEX at 11:00 a.m. London time (usually
5:00 a.m. Chicago time) on the day of Eurodollar futures expiration.

Value Dates
The value dates for Eurodollar futures fall 2 London business days after
contract expiration. This is because the contract is settled to 3-month
LIBOR, which has a 2-day settlement period. Eurodollar futures value dates
always fall on the third Wednesday of the contract month.

Additional Trading Facilities
Market participants often want to execute a series of Eurodollar futures
contracts in order to target specific segments of the yield curve. Rather than
execute each contract month individually and incur execution risk, packs



and bundles can be used to execute all of the desired contract months in a
single transaction.

Packs are the simultaneous purchase or sale of an equally weighted,
consecutive series of 4 Eurodollar futures, quoted on an average net change
basis from the previous day’s close. All packs trade in quarter ticks.

Bundles also involve the simultaneous purchase or sale of a consecutive
series of Eurodollar futures contracts, but bundles have maturities of 1, 2, 3,
4, 5, 6, 7, 8, 9, and 10 years. The first contract in a bundle is generally the
first quarterly contract. An exception to this is the 5-year forward bundle,
which covers years 5 through 10 of the Eurodollar futures strip. All bundles
trade in quarter ticks.

“Rolling” packs and bundles allow market participants to execute packs
and bundles with “non-standard” start dates. Consequently, market players
can trade packs and bundles that start with any quarterly contract. For
additional information on packs and bundles, see “Hedging and Trading
with Eurodollar Stacks, Packs, and Bundles,” chapter 13.

INITIAL AND MAINTENANCE PERFORMANCE BONDS
The financial integrity of a futures exchange is ensured by its clearing
house. The clearing house is responsible for settling trading accounts,
clearing trades, collecting and maintaining performance bond funds,
requiring delivery, and reporting trade data. Clearing firms stand between
the customers and the clearing house. A customer who wishes to trade
Eurodollar futures, or any other futures for that matter, is required to
deposit funds known as initial performance bond (or initial margin) with his
or her clearing firm.

On a daily basis, the customer’s position is marked to market and gains
or losses are posted to the customer’s performance bond account. If the
customer’s funds drop below the maintenance performance bond level, the
clearing firm will demand additional funds from the customer to bring the
level back to the initial performance bond amount. This call for additional
funds is known as a performance bond call (previously, a margin call).
Exhibit 3.5 shows a summary of how Eurodollar futures work.

EXHIBIT 3.5 
How Eurodollar Futures Work



• The Eurodollar futures price is equal to 100 minus the futures rate
where the futures rate is expressed in percentage points.

• Each tick, or 0.01, is worth $25.
• The expiring month contract trades in quarter ticks (0.0025); all other

contract months trade in half ticks (0.005).
• A decrease of 1 basis point in the futures rate increases the futures

price by 1 basis point, which produces a $25 gain for the long and a
corresponding $25 loss for the short.

• Gains and losses are settled daily. Money is taken from the accounts of
those with losses and paid through the clearing house to the accounts
of those with gains.

• Eurodollar futures are cash settled to 3-month LIBOR upon contract
expiration. The final settlement price of the Eurodollar futures
contract is 100 minus the British Bankers’ Association Interest
Settlement Rate for 3-month Eurodollar interbank time deposits.

VOLUME AND OPEN INTEREST
The growth of trading and open interest in Eurodollar futures at the CME is
chronicled in Exhibit 3.6. What began as a contract trading in the shadows
of Treasury bill and CD futures has grown to gigantic proportions. At this
writing (June 2002), open interest in all contract months combined was
over 4.5 million. At $1 million notional amount per contract, this translates
into open positions on the books of traders and hedgers that are the
equivalent of more than 4.5 trillion of 3-month deposits. This is big money.

EXHIBIT 3.6 
Eurodollar Futures Volume and Open Interest 1982 through June 2002



Part of the reason for the success of the contract is illustrated in Exhibit
3.7, which compares the open interest across contract months in Eurodollar
and Treasury bond futures. Nearly all of the open interest in bond futures is
concentrated in the first 2 months. In contrast, there is substantial open
interest in back-month Eurodollar futures.

EXHIBIT 3.7 
Bond and Eurodollar* Futures Open Interest by Contract Year-End 2001



Eurodollar futures differ from bond futures in one other key respect. The
ratio of daily trading volume to open interest in bond futures is often more
than one-to-one. In contrast, the ratio of daily trading volume to open
interest in Eurodollar futures is much lower, around one-to-five. Stated
differently, the open interest in bonds turns over once a day on average. The
open interest in Eurodollars turns over only once a week.

What this suggests is that Eurodollar futures are a hedger’s contract,
while Treasury bond futures are much more akin to a trader’s contract. This
fits what we already know about Eurodollar futures. The growth in the
contract has been driven by the flexibility it affords in shaping and hedging
interest rate exposure at the short end of the yield curve. It is no accident
that the market for back-month Eurodollar futures has kept pace with the
burgeoning interest rate swap market.

OTHER 3-MONTH MONEY MARKET FUTURES CONTRACTS
The success of the CME’s Eurodollar futures contract led other exchanges
to create 3-month deposit futures. There were PIBOR futures on French
deposit rates; Euro lira futures on Italian deposit rates; EuroDM futures on
German deposit rates; and MIBOR futures on Spanish rates. With the
introduction of the Euro (=€) as the currency of the European Economic



and Monetary Union, these money market contracts were superseded by
Euribor futures. Other active 3-month deposit futures include Short Sterling
futures on British deposit rates and Euroyen futures on Japanese rates.
Exhibit 3.8 shows the contract specifications for some of these actively
traded contracts.

EXHIBIT 3.8 
Other 3-Month Money Market Futures Contract Specifications





CHAPTER 4 
Forward and Futures Interest Rates

People who work with interest rates encounter three fundamental kinds of
yield curves. One is a zero-coupon curve that represents the yields used to
value single cash flows, which are known as zero-coupon bonds. The
second is a coupon yield curve that represents the yields—typically internal
rates of return—that are used to value bonds that carry periodic coupons in
addition to a final principal amount. The third is a forward rate curve that
can be used to compare the value of cash between any two dates. Of the
three, the forward rate is the most basic and is the curve from which both
the zero-coupon and coupon yield curves can be derived. The forward rate
curve contains the building blocks that financial engineers use to construct
and price any fixed income product. Throughout the chapters in this book,
we will have opportunities to work with all three curves and to understand
the relationships between them.1

Eurodollar futures are the exchange-traded equivalent of forward
borrowing and lending arrangements. In this role, Eurodollar futures
provide two things. First, a Eurodollar futures contract’s price, when
subtracted from 100, provides an indication of what the forward rate is for
the period covered by that particular contract. Second, a Eurodollar futures
contract is a tool for locking in synthetically a forward borrowing or
lending rate. And, because futures contracts have quarterly expirations
going out a full 10 years, we can use them to see the structure of 3-month
forward interest rates for a 10-year horizon. Eurodollar futures also can be
used to either hedge or construct synthetically any fixed income instrument
whose cash flows fall within that 10-year span. Exhibit 4.1 shows
Eurodollar futures prices and rates for each of the 40 quarterly contracts on
June 17, 2002.

EXHIBIT 4.1 
Eurodollar Futures Prices 
June 17, 2002



Eurodollar Futures Rates 
June 17, 2002



The purpose of this chapter is to lay out the relationship between term
and forward deposit rates, explain why Eurodollar futures can be treated
like forward rate contracts, and explore some of the uses of forward rates.
In particular, in this chapter, you will learn how to:

• Calculate a forward rate from term deposit rates
• Lock in the effective rate on a forward investment using Eurodollar

futures
• Determine the fair value of a Eurodollar futures contract
• Calculate richness/cheapness of a futures contract
• Find the break-even conditions for a trade in which you borrow short

and lend long
• Find the term deposit curve implied by today’s futures rates

DERIVING A FORWARD RATE FROM TWO TERM DEPOSIT
RATES
Suppose you want to lend money for 9 months and know what your total
interest income will be at the end of the period. In practice, there are many
ways you can do this. For example, you can lend the money at a 9-month
term rate that you know today. Or you can lend the money at a 6-month
term rate that you know today, and then roll the money plus interest into a
3-month rate.

For you to be indifferent between these two scenarios, you would want
to lock in the 3-month rate that will start in 6 months. This rate is the
forward rate. The fair value of this forward rate is the value that makes you
indifferent between investing at a 9-month term rate versus investing at a 6-
month term rate and then reinvesting at the 3-month forward rate.

EXAMPLE 4.1

FIND A 3-MONTH RATE 6 MONTHS FORWARD
A bank wants to lend $1,000,000 for 9 months. It considers two
alternatives: 1) lend at the 9-month term rate and 2) lend at the 6-
month term rate, and then reinvest the loan plus interest for 3 months.



Using the Eurodollar term deposit rate schedule in Exhibit 4.2, on
Monday, June 17, 2002, suppose that this bank can lend for 9 months
at a rate of 2.12% and for 6 months at 1.97%. At what rate would the
bank need to reinvest the money 6 months from now for it to be
indifferent between these two lending scenarios?

EXHIBIT 4.2 
Eurodollar Deposit Rates 
Monday, June 17, 2002

Scenario 1: Lend $1,000,000 for 9 months at 2.12% on Monday,
June 17, 2002. The loan settles on June 19, 2002 and matures 9



months later on March 19, 2003. For each dollar lent by the bank, the
total amount it will receive on March 19, 2003 is:

Scenario 2: Lend $1,000,000 for 6 months at 1.97% on Monday,
June 17, 2002. This loan should mature on Thursday, December 19,
but to match the Eurodollar futures value date, we move the maturity
to December 18.2 Reinvest the loan plus interest through March 19,
2003.

After 182 days, the total amount received for each dollar lent is:

This value is then reinvested for the remaining 91 days, but at what
rate? The fair value of this forward rate will make the income
produced by Scenario 2 equal to the income produced by Scenario 1.

We can then solve for the 3-month rate 6 months forward.



We have effectively calculated a forward-starting 3-month rate (from
December 18, 2002, through March 19, 2003) using only term deposit
rates.

Two generalized equations prove very useful in solving for forward rates
using spot deposit rates. Equation 4.1 shows how to combine a short rate
with a forward rate to get a long rate. We can then rearrange Equation 4.1 to
solve for the forward rate using the short-term and long-term deposit rates
(see Equation 4.2).

EQUATION 4.1 
Combine a Short Rate with a Forward Rate to Get a Long Rate

EQUATION 4.2 
Calculate a Forward Rate from Long and Short Deposit Rates

where

RL is the long-term deposit rate
RS is the short-term deposit rate
RF is the forward deposit rate
DL is the number of days in the long term
DS is the number of days in the short term



DF is the number of days in the forward term

EXAMPLE 4.2

FIND A 3-MONTH RATE 6 MONTHS FORWARD
(REVISITED)
Calculate a 3-month rate 6 months forward, given the following term
deposit rates:

6-month term deposit: 1.97% for 182 days
9-month term deposit: 2.12% for 273 days

The forward 3-month rate covers a 91-day period [= 273 − 182]. Use
Equation 4.2 to solve for the forward rate.

Interim rounding in Example 4.1 accounts for the 1-basis-point
difference between the two answers.

LOCKING AN EFFECTIVE FORWARD LENDING RATE USING
EURODOLLAR FUTURES
You can use Eurodollar futures to lend or borrow synthetically. In
particular, if you combine a long Eurodollar futures contract with a plan to
lend money at whatever the market lending rate proves to be when you
reach the expiration of the futures contract, the result will look very much
like what you would earn on a forward investment at a known forward rate.
Similarly, if you combine a short Eurodollar position with a plan to borrow
at whatever the market borrowing rate proves to be when you reach futures
expiration, the result will be very much like borrowing in the forward
market at a known forward rate.

EXAMPLE 4.3



LOCK THE FORWARD LENDING RATE
On June 17, 2002, a bank wants to lock in a lending rate on a
$10,000,000 3-month loan that will be issued 6 months from now. The
lender can either:

1. Lend $10,000,000 at a forward rate of 2.40% or
2. Buy 10 December 2002 Eurodollar futures contracts at 97.60

[= 100 − 2.40] and lend at the prevailing market rate at futures
expiration.

The 91-day loan period runs from December 18, 2002, through
March 19, 2003 (futures value dates).

Scenario 1: Lock in a forward lending rate of 2.40% on June 17.

Scenario 2: Buy 10 of the December 2002 Eurodollar futures
contract at 97.60, then issue the 91-day loan at the prevailing market
rate on December 16, 2002.3



Look at three rate scenarios on December 16, 2002:
a) 3-month LIBOR = 2.40% 

December 2002 futures = 97.60 [= 100 − 2.40] 
Lender neither pays nor receives variation margin 
Lend at 2.40% for 91 days (value date December 18, 2002)

b) 3-month LIBOR = 2.50% 
December 2002 futures = 97.50 [= 100 − 2.50] 
Lender pays variation margin 
Lend at 2.50% for 91 days

c) 3-month LIBOR = 2.30% 
December 2002 futures = 97.70 [= 100 − 2.30] 
Lender receives variation margin 
Lend at 2.30% for 91 days



By combining a long futures position with a loan issuance at
prevailing market rates upon futures expiration, you can make the
overall returns immune to changes in interest rates. Under the three
rate outcomes in Scenario 2, the returns were just about identical to
when we “locked” the forward rate at 2.40%.

Note that buying futures does not fix the rate at which you lend forward.
Rather, futures “lock” the rate by compensating you for changes in the
market rate: when rates rise (and prices fall), the loss in the long futures is
offset by the increase in loan income; when rates fall (and prices rise), the
gain in the long futures is offset by the smaller loan income.

IMPORTANT DIFFERENCES BETWEEN FORWARD AND
FUTURES MARKETS
The key differences between borrowing or lending forward and selling or
buying Eurodollar futures are these. First, with futures, you must settle all
gains and losses on the contracts every day, while with forwards, you carry
a sequence of unrealized gains or losses on your forward position until the
contract comes due. Second, with futures, you do not know the spread
between LIBOR and the rate at which you will borrow or lend until the
time comes to actually borrow or lend. For additional differences between
forward and futures markets, see Exhibit 4.3.

EXHIBIT 4.3 
Key Differences between Forward and Futures Markets



EXAMPLE 4.4

COMPARE FORWARD VERSUS FUTURES CASH FLOWS
Illustrate the cash flows for the two scenarios in Example 4.3.

Scenario 1: Lock the forward lending rate at 2.40% on June 17.

Scenario 2: Buy futures on June 17 and lend at the prevailing
market rate on December 16.

a) LIBOR = 2.40%



b) LIBOR = 2.50%

The $2,500 loss on the futures decreases the amount available to
loan, but this is offset by the ability to issue the loan at a higher
rate.

c) LIBOR = 2.30%

The gain from the futures allows the bank to loan an extra
$2,500, but this larger loan is offset by a lower interest rate.



In all three cases, when the bank bought futures and then lent at
market rates upon futures expiration, it was able to effectively
replicate the cash flows of the locked forward lending.

DETERMINING THE FAIR VALUE OF A EURODOLLAR
FUTURES CONTRACT
Once you know that a Eurodollar futures contract can be used to borrow or
lend forward synthetically at 3-month LIBOR (plus or minus an appropriate
spread), it follows that the fair value of a Eurodollar futures contract’s price
is simply 100 less the fair forward value of 3-month LIBOR for the period
covered by the contract.

When calculating the fair value of a futures contract’s price, three
practical things govern what you do. The first is that the contract settles at
expiration to 100 less the value of 3-month LIBOR. As a result, when
calculating forward rates, we work with rates on the offered or ask side of
the term deposit curve. The second is that the value dates for the rates used
to settle the contract have the usual lag of 2 London business days. As a
result, the value date for a rate used to settle a contract on Monday would
be the following Wednesday, barring any bank holidays. The third is that
the term covered by the cash market rate used to settle the contract may be
longer or shorter than the period covered by the futures contract.

EXAMPLE 4.5

CALCULATE THE FAIR VALUE OF A EURODOLLAR
FUTURES CONTRACT
Use the market data for term deposit rates in Exhibit 4.2 to calculate
the fair value of the December 2002 Eurodollar futures contract.



Use term deposit rates and Equation 4.2 to solve for the forward rate.

We convert this forward rate to a futures price by subtracting it from
100. So, the fair value of the December 2002 futures contract is 97.60
[= 100 − 2.40].

The fair value calculation obscures date mismatches between the cash
LIBOR and futures markets. We highlight some differences below.

EXAMPLE 4.6

TRACK DATE MISMATCHES BETWEEN THE CASH AND
FUTURES MARKETS4

What date mismatches occurred during the calculation of the fair
value of the December 2002 Eurodollar futures contract on June 17,
2002?



Futures Value Dates

a) Futures market convention is to count the days covered by a
futures contract as the days between futures value dates. The
December 2002 futures rate, for example, covers the period
from Wednesday, December 18, 2002, through Wednesday,
March 19, 2003. This 91-day forward period is used in the fair
value calculations.

b) The December 2002 futures contract settles to 3-month
LIBOR whose value date is Wednesday, December 18, 2002,
and whose maturity date is Tuesday, March 18, 2003. This 90-
day period is shorter than that covered in the fair value
calculation.

c) The forward fair value calculation used 6-month and 9-month
LIBOR. The value date for these two deposits was Wednesday,
June 19, 2002. The respective maturity dates were Thursday,
December 19, 2002, and Wednesday, March 19, 2003. The 6-
month maturity date falls 1 day after the futures value date of
December 18.

Cash Market Dates



As date mismatches go, the differences are small, and you would not
be far wrong if you used 2.40% as the fair value of the forward 3-
month LIBOR to which the futures contract settled.

RICHNESS AND CHEAPNESS
We have calculated the fair forward values of 3-month LIBOR for the first
three Eurodollar contracts using the offered term deposit rates provided in
Exhibit 4.2. Subtracting these rates from 100 results in the fair futures
contract prices shown in Exhibit 4.4. Market futures prices are listed next to
the fair prices, and a comparison of the two provides a measure of contract
richness or cheapness. For example, the market price of the Sep ′02 contract
on June 17, 2002, was 97.895, which was a scant 0.005 below the
contract’s fair value. This contract was then trading 0.005 cheap to fair
value. The Dec ′02 contract was cheaper, at 0.099 below fair value, while
the Mar ′03 contract was trading 0.035 (or 3.5 ticks) rich.

EXHIBIT 4.4 
Are Futures Rich or Cheap? June 17, 2002



In this example, the relative richness or cheapness of the futures contract
is reckoned using the term deposit market as the standard of value. In many
ways, since the Eurodollar futures market is considered rightly to be the
more liquid and competitive of the two markets, it might make more sense
to value the richness or cheapness of the term deposit market relative to the
Eurodollar futures market.

To do this, one can calculate the term deposit rates implied by
Eurodollar futures rates. This is what we have done in Exhibit 4.5, where
we find that the market value of 6-month LIBOR was 1.970 percent, which
was 0.002 less than the term deposit rate of 1.972 percent implied by the
futures market. The 9-month term deposit rate was 3.5 basis points below
its “fair” value, while the 12-month deposit rate was 1.7 basis points below
its fair value.

EXHIBIT 4.5 
Is Term LIBOR Rich or Cheap? June 17, 2002

FORWARD RATES ARE BREAK-EVEN RATES
A forward rate is the rate at which a yield curve trade will break even. The
fact that forward rates are break-even rates is perhaps one of the most
powerful practical applications of forward rates.

To see this, consider a standard “positive carry” trade in which a bank
borrows money for 3 months and lends it for 6 months.

EXAMPLE 4.7

EVALUATE THE PERFORMANCE OF A “POSITIVE
CARRY” TRADE



On June 17, 2002, a bank is able to borrow $100,000,000 for 3
months at 1.83% and lend $100,000,000 for 6 months at 1.97%.
Because the bank earns 1.97% on its 6-month asset and pays 1.83%
on its 3-month liability, it is said to have positive carry.

How will this trade perform if 3 months from now, the 3-month
rate:

1. Remains at 1.83%?
2. Goes to 2.10%, which is the forward rate implied by today’s

term deposit rates?
Yield Curves for Roll-Down and Break-Even Scenarios

1. The 3-month rate 3 months from now is 1.83%



The banker would make $68,638 if the 3-month rate is 1.83% 3
months from now.

2. The 3-month rate 3 months from now is 2.10%

The banker just about breaks even if the 3-month rate 3 months
from now is 2.10%.

The refinancing rate at which a trade like this breaks even is the
fair value of the forward rate at the beginning of the trade.

Since we know that borrowing short term and lending long term is like
being long a forward asset, we know that we should be able to reproduce
the gains on this trade by buying an appropriate number of the right
Eurodollar contract. In this example, rather than borrowing for 3 months
and lending for 6, we can simply buy the Sep ′02 futures contract. To
compare the results of the two approaches, we need to compare what the
two approaches make on the same day. With the Sep ′02 futures contract,
we will know what we have made when the contract expires on September
16, 2002 (value date of September 18). We need, then, a way to find what
we have made on the cash and carry trade on that day.



To do this, we need to rearrange the information we used to reckon the
gain or loss in December to find the present value of our gain or loss as of
September. That is, if we divide the December values of the asset and
liability by [1 + Sep LIBOR (Days/360)], we can compare the present value
of the long-term asset with the September value of the original 3-month
liability. Notice in Example 4.8 that if we do this, we find that the net value
of our position would be $68,322, which, as it happens, is simply the
present value of the $68,638 that was our net gain in December. That is,
$68,322 = $68,638/[1 + 0.0183(91/360)].

EXAMPLE 4.8

PRESENT VALUE THE CASH FLOWS FROM EXAMPLE 4.7
Evaluate the asset and liability from Example 4.7 on September 18,
rather than December 18.

To present value the cash flows to September 18, divide the
maturity value on December 18 by the invested value of $1 from
September 18 to December 18.

1. The 3-month rate in September is 1.83%

The banker would make $68,322 as of September 18.



2. The 3-month rate in September is 2.10%

The banker just about breaks even.

Now we are ready to show how a positive carry trade can be replicated
with futures.

EXAMPLE 4.9

REPLICATE THE POSITIVE CARRY TRADE WITH
FUTURES
Borrowing for 3 months at 1.83% and lending for 6 months at 1.97%
on June 17, 2002, is akin to buying September 2002 Eurodollar
futures at a fair value of 97.90 [= 100 − 2.10].

How would the futures position perform 3 months later on
September 16 (its expiration date) if:

1. The 3-month rate comes in at 1.83%?
2. Futures settle at their fair value of 2.10%?

On June 17:
Buy 101 September 2002 futures at 97.905

On September 16:



1. 3-month LIBOR = 1.83%
September 2002 futures = 98.17 [= 100 − 1.83]
Gain = 101 [98.17 − 97.90] $2500 = $68,175

2. 3-month LIBOR = 2.10%
September 2002 futures = 97.90 [= 100 − 2.10]

Gain = 101 [97.90 − 97.90] $2500 = $0
The futures trade comes very close to matching the cash trade in

Example 4.8 under the two interest rate scenarios. The cash trade
income was $68,322 when the 3-month rate starting in 3 months was
1.83%. At a rate of 2.10%, the income was $72.

YIELD CURVE TRADES
The fact that Eurodollar futures replicate a carry trade provides further
insight into the risks and rewards of borrowing short and lending long.
Exhibit 4.6 shows the results of simple roll trades in which one buys a
Eurodollar contract, holds it for 3 months, and then “rolls” the position into
the next contract month. For example, you might buy the contract that is
next to expire when it has 3 months to expiration, hold it to expiration, and
then replace it with the next contract. On June 17, 2002, this would entail
first buying the Sep ′02 contract, holding it until it expires, and then
replacing it on September 16 with the Dec ′02 contract, and so forth. This
sequence of trades would be like borrowing for 3 months, lending for 6,
and then closing out the position every 3 months.

EXHIBIT 4.6 
Return by Contract for Simple Buy and Hold Strategies Mean of Return





If, instead, we buy the Dec ′02 contract and hold it until September and
then replace it with the Mar ′03 contract, and so on, we would be
replicating the returns to borrowing money for 6 months, lending it for 9
months, and then closing out this position after 3 months.

FINDING THE FORWARD TERM DEPOSIT CURVE IMPLIED BY
TODAY’S FUTURES RATES
Another handy application of forward (futures) rates is in the construction
of forward-starting term deposit curves.

Forward-starting term deposit curves, like the one derived in Example
4.10, are useful in assessing yield curve trades. For example, Exhibit 4.8
shows two term deposit curves—one for today’s spot market and one for
the March 17, 2003, forward-starting date. The difference between the two
is striking. For example, the 6-month deposit rate on June 17, 2002, was
1.97%. The March 17, 2003, value of the 6-month term rate 9 months
forward was 3.359%. From this, we can conclude that any trade whose
success depends on the value of the 6-month rate 9 months from now will
break even at a rate of 3.359%, which is 139 basis points higher than
today’s spot 6-month rate.



EXHIBIT 4.8 
Spot and Forward-Starting Term Rates June 17, 2002

EXAMPLE 4.10

FIND A FORWARD-STARTING TERM DEPOSIT CURVE
Use the futures market data on June 17, 2002, to find the forward-
starting term deposit curve for March 19, 2003. See Exhibit 4.7 for
futures prices and rates.

EXHIBIT 4.7 
Eurodollar Futures Prices and Rates 
Monday, June 17, 2002



3-month rate: We know that the 3-month deposit for that date is
3.055%, which is simply the March ′03 futures contract rate. 
6-month rate: To find the 6-month term deposit rate, we chain
together two forward rates—the March ′03 and June ′03 futures rates
as follows:

Solving for Rate6mo, we find that the 6-month deposit rate for our
March 19, 2003 forward curve is 3.359%. 
9-month rate: The 9-month rate for our forward term deposit curve is
3.636%:

Continuing this process, we find term deposit rates at 3-month
intervals for maturities ranging from 3 to 24 months:





CHAPTER 5 
Hedging with Eurodollar Futures

Hedging and replicating are two sides of the same coin. You may have this
sense already, but you will find in this chapter that you can use a Eurodollar
futures contract to convert a floating rate asset (or liability) into the
equivalent of a fixed rate asset (or liability). Or you can convert a fixed rate
asset into a floating rate asset.

In the one case—when you are converting a floating rate asset into a
fixed rate asset—what you are really doing is hedging a forward cash flow.
That is, you are fixing the amount of cash that will show up on some future
date. Whether you think of this as cash flow hedging or as replicating future
or forward cash flows is perfectly fine as long as your objective is clear.

In the other case—when you are turning a fixed rate asset into a floater
—what you are really doing is fixing the present value of your position.
And while protecting the present value of your position against changes in
interest rates may sound more like hedging in the traditional sense, it is
really only one way of thinking of it.

One thing is clear. If you hedge a forward cash flow, the present value of
your position will vary with the level of interest rates. But if you hedge the
present value of your position, your forward cash flows will vary with the
level of interest rates. Thus, you can hedge cash flows, or you can hedge
present values, but you cannot do both at the same time. Or what is the
same thing, you can convert floating to fixed or fixed to floating, but not
both at the same time.

Once we know what we want to do, the challenge is to do it correctly.
The purpose of this chapter is to show how to reckon Eurodollar futures
hedge ratios and how to manage the hedges over time.

In this chapter, we will work both with cash flow hedging and with
present value hedging. In particular, we will show how to:

• Calculate zero-coupon bond prices from Eurodollar rates
• Convert a floating rate note into a fixed rate note



• Calculate the correct number of Eurodollar futures needed for a hedge
• Hedge the present value of a fixed rate instrument
• Manage a Eurodollar hedge over time
• Work with real-world complications

THE TOOL IS A EURODOLLAR FUTURES CONTRACT
Henry Ford’s line about the customer being able to have a model T in any
color he wanted as long as it was black is apt here. Our hedging tool is the
Eurodollar futures contract. For hedging purposes, the contract has three
important features that determine completely the way we have to use the
tool. First, the value of the contract is determined by the value of a 3-month
interest rate that spans the period covered by the contract (e.g., from March
19, 2003, to June 18, 2003, for the March ′03 contract). Second, each basis
point change in the underlying interest rate is worth $25. And third,
because gains and losses on futures are settled every day in cash, the
present value of the gain or loss is also $25.

BASIC HEDGE ALGEBRA
As a result of this structure, every hedging problem works the same way.
We want a number of futures contracts whose change in value, for a given
change in an underlying interest rate, will equal any change in the value of
what we are trying to hedge or replicate. When using Eurodollar futures, we
begin by isolating the effect of a change in the 3-month rate underlying a
particular futures contract on what we want to hedge. We then divide this
value by the change in the value of the Eurodollar futures contract. That is,
once we have determined how much a change in any given Eurodollar
futures rate will affect the value of our position, we calculate the hedge
ratio as shown in Equation 5.1.

EQUATION 5.1 
Hedge Ratio



And, depending on whether the change in the value of the position is a
forward value or a present value, the hedge ratio can be written, for a 1-
basis-point change in the underlying 3-month futures rate, as shown in
Equation 5.2 or Equation 5.3.

EQUATION 5.2 
Hedge Ratio for Forward Values

EQUATION 5.3 
Hedge Ratio for Present Values

The sign of the hedge ratio depends, of course, on whether you want to
offset or replicate a change in value.

DERIVING PRESENT AND FORWARD VALUES FROM
EURODOLLAR FUTURES RATES
Sooner or later, cash today must be translated into cash tomorrow, or cash
tomorrow must be translated into cash today. Eurodollar futures not only
allow us to do this, but provide us with information about the rates at which
these conversions can be made.

Calculating a Forward Value (Terminal Wealth)
Consider Exhibit 5.1, which provides Eurodollar futures rates for all 40
contracts as of the expiration of the June ′02 contract on June 17, 2002. The
exhibit also shows the actual number of days between futures expirations
for each contract. From these rates and days, we can determine how much
$1, if invested at the sequence of Eurodollar rates implied by the futures
contracts, would produce at the end of any given 3-month period. For
example, $1 invested on June 17, 2002 (value date June 19, 2002) for 91
days would produce $1.0047 [= $1 × (1 + 0.018788 × (91/360))]. If this
entire amount were rolled over at the next rate of 2.105% for the next 91



days, the result would be $1.0101 [= $1.0047 × (1 + 0.02105 × (91/360))],
and so forth. The results of these calculations are shown in the column
labeled Terminal wealth. Equation 5.4 shows the calculation of terminal
wealth.

EXHIBIT 5.1 
Terminal Wealths and Zero-Coupon Bond Prices June 17, 2002



EQUATION 5.4 
Calculate Terminal Wealth Using Futures Rates

where

Terminal wealth is the maturity value of $1
             Rate is the interest rate for the spot or forward period
             Days is the number of days in the interest rate period
                   n is the forward period

Calculating a Zero-Coupon Bond Price (Present Value)
The inverses of these terminal wealth values represent the prices of
LIBOR-based zero-coupon bonds that mature on the respective dates (see
Equation 5.5). For example, since $1 invested today would produce



$1.0243 1 year from now, one need pay only $0.9763 [= 1/$1.0243] for a
bond that would pay $1 dollar 1 year from now.

EQUATION 5.5 
Calculate the Zero-Coupon Bond Price

where
m is the number of days to maturity

HEDGING OR REPLICATING FORWARD CASH FLOWS
Much of the work in the world of applied finance is making certain
amounts of money show up on certain days in the future. You have money
today that must be converted into a different amount of money sometime
later. With this in mind, consider the task of converting a 3-month floating
rate liability, 9 months forward, into a fixed rate liability. That is, consider
the problem of converting a floating rate note into a fixed rate note.

EXAMPLE 5.1

CONVERT A FLOATING RATE LIABILITY INTO A FIXED
RATE LIABILITY
Suppose that on June 17, 2002, you commit to borrow $1,000,000 on
March 17, 2003, for 91 days. Under the terms of your agreement, you
will pay whatever the value of 3-month LIBOR proves to be on March
17 plus or minus a fixed spread. For the sake of keeping things simple,
assume the spread is zero.

Now suppose you want to convert your floating rate borrowing into
the equivalent of fixed rate borrowing. To do this, you can sell the
March ′03 Eurodollar futures contract so that any increase in the rate
you pay on your loan will be offset by gains in the value of your short
Eurodollar position.

What are the cash flow consequences if the 3-month forward
borrowing rate changes by 1 basis point?



Your source of risk in this example is the forward value of 3-month
LIBOR from March 17, 2003, to June 16, 2003. If this rate rises 1 basis
point, because there are 91 actual days in the 3-month borrowing period,
your interest obligation on the loan will increase $25.28 [= $1,000,000 ×
0.0001 × (91/360)]. If the interest rate were to fall by 1 basis point, your
interest obligation would fall by $25.28. In either case, the cash
consequence of the rate change will be realized on June 16, 2003, which
is 1 year from now.

The March ′03 Eurodollar futures price will change in response to
exactly the same rate. The big difference is that the change in the value
of one March ′03 Eurodollar contract will be $25 for each basis point
change in the underlying rate, and the $25 will be paid or collected
today. All futures gains or losses are realized today.

Cash Flow Effect of a 1-Basis-Point Increase in the 3-Month
Forward Rate from March 17 through June 16, 2003

Forward Valuing the Gain or Loss on the Eurodollar Futures Contract
Suppose you are short 1 March ′03 Eurodollar futures contract and that the
March ′03 rate rises 1 basis point. You have a $25 gain today on your
futures position and a $25.28 loss 1 year from now on your floating rate
loan. To know whether 1 Eurodollar futures contract is the right hedge for
this position, you need to know whether $25 today is more than you need,
just enough, or less than you need to cover your $25.28 loss 1 year hence.



EXAMPLE 5.2

FIND THE HEDGE AMOUNT THROUGH FORWARD
VALUING
How many futures contracts do you need to hedge the $1,000,000
forward borrowing in Example 5.1? In general, one contract per
$1,000,000 is not the right answer.

To answer this question, you need to know what $25 today will
produce 1 year from now if invested at a 1-year term rate. That is, if you
can invest the $25 for 364 days (from June 17, 2002, through June 16,
2003) at a term rate of Rate364, you will have $25 × (1 + Rate364
(364/360)) when the interest on your loan is due. As a result, whether
one Eurodollar contract is too much, just the right amount, or too little
coverage depends on whether

The correct number of futures can be calculated as

which can also be written as

where TW364 is the value to which $1 would grow if invested at the
sequence of Eurodollar rates shown in Exhibit 5.1. The numerator is the
forward value of the rate change on your interest rate obligation and the
denominator is the forward value of the $25 that you would receive on a
single futures contract. If the 1-year term deposit rate were 2.40%, the
terminal wealth would be $1.0243, and the forward value of $25 would
be $25.61 [= $25 × (1 + 0.0240 × (364/360))], which is more than the
$25.28 loss you need to offset. In fact, the correct hedge ratio would be



which for a $1 million obligation would necessarily round to 1 contract.
For a $100 million position, however, the hedge ratio would round to 99
contracts, which would be an improvement over the one contract per $1
million approximation we used earlier.

Present Valuing the Gain or Loss on a Floater
The big advantage of approaching the hedging problem by forward valuing
the $25 per basis point on a Eurodollar futures contract is that it highlights
the true hedging or replicating problem. Futures contracts either pay or take
away cash on a daily basis. If you receive money, you must invest it until
you need it. If you pay money, you must finance your payments until you
have the cash to pay it off.

The big disadvantage of using forward values is that there are an infinite
number of forward dates to handle.

EXAMPLE 5.3

FIND THE HEDGE AMOUNT THROUGH PRESENT VALUING
In Example 5.2, we found the Eurodollar futures hedge amount by
forward valuing cash flows. Solve the hedge problem by present valuing
cash flows.

As an analytical convenience, we can solve the hedge ratio problem
by replacing the question

with the question



That is, we can divide both sides through by (1 + Rate364 (364/360)),
which leaves us with present values on both sides. It is clear, though,
that the solution to the hedge ratio will be the same.

The chief advantage of using present values rather than forward values
is that there is a single present date, which is a great analytical
simplification. The big drawback, of course, is that present values obscure
the realities of forward cash flow management. So take your pick.

HEDGING OR REPLICATING PRESENT VALUES OF CASH
FLOWS
If the forward cash flow is fixed, hedging becomes a problem of offsetting
changes in the cash flow’s present value. And if we do this, we will succeed
in converting a fixed rate note into a floating rate note.

Calculating the Price of a Zero-Coupon Bond
Suppose you hold a $100,000,000 1-year zero-coupon bond issued by
someone with LIBOR quality credit. Because the credit quality of the issue
is the same as the credit quality implied by Eurodollar futures rates, the
present value of this zero would be $100,000,000 times the price of a 1-
year Eurodollar zero. From Exhibit 5.1, we find that this price is a function
of four Eurodollar rates and can be written as

Given rates of 1.8788%, 2.105%, 2.495%, and 3.055%, the price of a 1-
year Eurodollar zero would be $0.9763, and the present value of your $100
million zero would be $97,630,000.

Calculating the Present Value of a Basis Point
Once you have determined the value of your zero-coupon bond, the next
step is to determine how much the value of your bond will change if any of
the four rates that determine the price of the zero change 1 basis point. The
results of increasing and decreasing each of the four rates (while holding



the other three fixed at their original values) are shown in Exhibit 5.2. In all
cases, the zero-coupon bond prices are calculated to 10 decimal places so
that changes in the value of a $100 million zero-coupon bond could be
determined to the nearest cent.

EXHIBIT 5.2 
Effect of Rate Changes on the Value of the $100 Million 1–Year Zero

Consider, for example, a change in the Jun ′02 rate. If this rate were to
increase by 1 basis point, the price of the 1-year zero would fall from
0.9762617812 to 0.9762372207, a decrease of 0.0000245605, which would
be worth $2,456.05 for a $100 million zero. If this same rate were to
decrease by 1 basis point, we see that the zero price would increase to
0.9762863429, an increase of 0.0000245617, which would be worth
$2,456.17. The difference in the size of the effect reflects what is known in
fixed income markets as “positive convexity,” which describes the fact that
the bond’s price will increase more as rates fall than it will decrease as rates
rise.

Finding the Hedge for a Zero-Coupon Bond
When hedging the position, of course, you do not know which way rates
will go, so you average the two results, which would produce an average
change in position value of $2,456.11. To hedge this exposure, one would
sell 98.24 [= $2,456.11/$25.00] of the Jun ′02 contract to hedge a long
position or buy 98.24 contracts to replicate the behavior of a long position.

The results for the other three contracts are very nearly the same. They
differ from one another only because of the slight upward slope in the
Eurodollar futures rate curve. Effects of a change in the Mar ′03 rate are
multiplied by a slightly smaller number (because the rates at the front of the
curve are lower) than are the effects of changes in the Jun ′02 rate (because
the rates at the back of the curve are higher). If the four Eurodollar rates
were identical, the resulting hedges would be identical, too.



Faster Hedge Ratio Calculations with Calculus
The advantage of reckoning the effects of rate changes up and down is that
you can see the actual changes in position value. Because your hedges are
averages of the effects of both increases and decreases in rates, however,
you can find your hedge ratios faster, with less computing time, if you use
calculus.

The price of any given zero-coupon bond is simply a function of a string
of spot and Eurodollar futures rates, and the partial derivative of this
function with respect to any one of those rates allows us to calculate hedge
ratios quickly and accurately.

We begin with Equation 5.6, which shows the price of a zero that
matures n quarters from now. We then use partial derivatives, as shown in
Equation 5.7, to express the effect of a change in any one of the sequence
of rates (e.g., the ith rate) on the zero’s price.

EQUATION 5.6 
Calculate the Zero-Coupon Bond Price

where
    Zn is the zero-coupon bond price at time n
Ratei is the interest rate for the spot or forward period i
Daysi is the number of days in the interest rate period i

∏ is the mathematical symbol for taking the product of the term
that follows it over a specified range, in this case from 1 to n

EQUATION 5.7 
Calculate a Hedge Ratio Using Calculus



where
σZn/σRatei is the change in the zero-coupon bond price given a change in

the ith period rate
As long as we get the units right when we plug in the key values, this

will give us what we need to calculate the correct hedge ratio. Consider a
change in the June ′02 rate on the price of the 1-year (4-quarter) zero in the
example above. The original zero price is 0.9762617812, so the partial
effect of a change in the June ′02 rate would be

which, if multiplied by a $100,000,000 principal amount, would produce a
total dollar effect of $2,456.11.

Pricing and Hedging a Coupon-Bearing Bond
Once you know how to price and hedge a zero-coupon bond, you will have
no trouble pricing and hedging coupon bearing bonds, which are simply
packages of zero-coupon bonds.

EXAMPLE 5.4

PRICE A COUPON BOND
Consider a 5% coupon bond that pays its coupon semiannually and that
matures in 2 years. Price the bond by present valuing its cash flows,
using the zero-coupon bond prices in Exhibit 5.1.



The cash flows associated with $100 par amount of the bond would
be $2.50 at each 6-month interval plus $100 at the bond’s maturity for a
total cash flow on the last day of $102.50.

If we then use the Eurodollar zero prices from Exhibit 5.1, we find
that the present value of the first coupon payment would be $2.4750 [=
$2.50 × 0.9900], while the present value of the final coupon payment
and principal would be $95.8888 [= $102.50 × 0.9355]. Adding up the
four present values produces a total of $103.1980 (see Exhibit 5.3). And,
if this were a bond issued by LIBOR quality London banks, this total
present value would be a good approximation of the bond’s market
price.

EXHIBIT 5.3 
Pricing a 2-Year, 5% Coupon Bond June 17, 2002



Finding the appropriate hedge for this bond requires nothing more than
finding the correct hedges for each of the four cash flows and then adding
them up. Using the hedge ratio formula derived in the previous section, we
can calculate the number of Eurodollar futures needed to hedge $1 million
par amount of zeros with maturities of December 18, 2002, June 18, 2003,
December 17, 2003, and June 16, 2004. The results of these calculations are
shown in Exhibit 5.4.

EXHIBIT 5.4 
Number of Eurodollar Futures Needed to Hedge $1 Million Par Amount
Zero 
June 17, 2002

For example, to hedge $1 million of a zero that matures on December
18, 2002, we would have to sell 0.996 of the Jun ′02 and Sep ′02 contracts
(see upper panel of Exhibit 5.4). As a result, to hedge the first coupon
payment of $2.5 million that arrives on

Number of Eurodollar Futures Needed to Hedge $100 Million Par
Amount 5% Semiannual Coupon Bond 
June 17, 2002



December 18, we would have to sell 2.49 of each (see lower panel of
Exhibit 5.4). To hedge $1 million of a zero that matures on June 18, 2003,
we would have to sell 0.982, 0.982, 0.981, and 0.980 of the Jun ′02, Dec
′02, Mar ′03, and Jun ′03 contracts respectively. To hedge the second
semiannual coupon payment, then, we would have to sell 2.46, 2.45, 2.45,
and 2.45 of each of these contracts. And so forth.

This example serves at least two useful purposes. First, it highlights the
subtle but important effect of cash flow timing on hedge ratios. More
distant cash flows require smaller hedge ratios because their present values
are lower.

Second, it highlights an important feature of coupon-bearing bonds that
might not otherwise be apparent. That is, the price of a coupon-bearing
bond is relatively more sensitive to changes in near term forward rates than
is the price of a zero-coupon bond with the same final maturity. A change
in the Jun ′02 or Sep ′02 Eurodollar rates will affect the present value of
four separate cash flows on a coupon-bearing bond, while a change in the
Dec ′03 or Mar ′04 rates will affect the present value of only the final cash
flow. With a zero, changes in these four contract rates would have nearly
identical effects on the price because there is only one, final, cash flow. As
a result, the Eurodollar hedge for a coupon-bearing bond will place greater
weight on the nearby contract months (e.g., 103.85 of the June ′02 contract)
than on later contracts (e.g., 95.81 of the March ′04 contract).

MANAGING HEDGE RATIOS



Eurodollar futures hedges are not static. We can see from the hedging
problems we have solved in this chapter that our hedges will change as
interest rates rise or fall and as time passes.

As Rates Rise or Fall
As interest rates fall, the prices of non-callable bonds become more
sensitive to changes in interest rates while Eurodollar futures prices do not.
As interest rates rise, non-callable bond prices become less sensitive to
yield changes, while the present value of a basis point on a Eurodollar
contract remains $25. Thus, Eurodollar hedge ratios for non-callable bonds
will tend to increase as interest rates fall and to decrease as interest rates
rise.

If you are hedging a long position in a non-callable bond (or are
receiving fixed in an interest rate swap, which we consider in the next
chapter), you will welcome these kinds of adjustments. Decreases in
interest rates will require you to sell more Eurodollar futures, while
increases in interest rates will require you to buy back some of your futures.
Since these kinds of adjustments automatically prompt you to sell when
prices have gone up and to buy when prices have gone down, you will find
yourself making money on average with these adjustments. This advantage
to being short Eurodollar futures when hedging bonds that possess positive
convexity has important implications for the pricing of Eurodollar futures.
The question of what this advantage is worth and the effect it has on
Eurodollar futures prices is the subject of “The Convexity Bias in
Eurodollar Futures,” chapter 7.

As Time Passes
Because present values tend to rise with the passing of time, Eurodollar
hedge ratios tend to rise as well. Consider the problem of converting a
floating rate borrowing into a fixed rate borrowing.

Exhibit 5.5 shows how many Eurodollar contracts are needed to convert
a 3-month floater into a 3-month fixed rate note at forward horizons
ranging from 3 to 21 months (and final loan maturities ranging from 6 to 24
months). In each case the nominal forward value of a basis point on the
borrowing is $2,527.78 for a $100 million note with a 91-day maturity, but
the present value of a basis point change in the borrowing rate is higher for



nearer forward periods. For example, if you plan to initiate the forward
borrowing in March 2003 (as the problem was originally cast), the loan
would mature in June 2003, and the present value of the $2,527.78 nominal
basis point value would be $2,467.78. To hedge this would require 98.7
contracts. On the other hand, if you plan to initiate the borrowing in March
2004 and pay it back in June 2004, the present value of the $2,257.78
would be $2,364.70, and the Eurodollar hedge would be 94.6 contracts.

EXHIBIT 5.5 
Number of Eurodollar Futures Needed to Hedge the Cost of Borrowing
$100 Million for 91 Days 
June 17, 2002

An important implication of this result is that the number of futures
needed to hedge a March 2003 forward borrowing would increase with the
passing of time. In this example, you would have to add roughly 1 contract
per quarter to your hedge. Such an effect is almost glacially slow, but in
practice, the effect is large enough to make a difference if the book you are
hedging is large enough. Banks that manage several hundreds of billions of
dollars of assets and liabilities will find their hedge ratios changing every
day.

While such day-to-day adjustments might seem to be a nuisance, the
transaction economics of the futures industry is particularly well suited to
this kind of fine tuning. For an active participant in the Eurodollar market,
the cost of trading 1 contract is simply 1/100th the cost of trading 100



contracts. As a result, the hedger can make small adjustments to his
position without incurring unduly large costs.

PRACTICAL CONSIDERATIONS IN REAL HEDGES
In any real hedging problem, you will come up against several gaps and
misalignments. For one thing, you will find that you have exposure to a
spot interest rate—called the stub rate—that spans the period from today
until the first available Eurodollar futures expiration. For another, your own
interest rate exposure almost certainly will not line up with the terms
covered by Eurodollar futures. And for yet another, the rate at which you
will borrow or lend will be done at what is now an unknown spread against
LIBOR. All of which suggests that anyone who hedges with Eurodollar
futures has to be willing to live with a certain amount of unhedgeable risk
or to bring other hedging tools to bear.

The Stub Period
Every pricing and hedging problem with futures must deal with the stub
period—the time that separates us from the first available Eurodollar
futures contract expiration. In the examples so far in this chapter, we have
assumed that the June ′02 contract was still available for trading or hedging.
As a practical matter, though, we will find ourselves with several days or
weeks between us and the first available contract.

For example, when the June ′02 contract expires, the next contract
available in the quarterly contract cycle is the Sep ′02 contract. When that
happens, we find that the value of our position may depend on the 3-month
rate from the middle of June until the middle of September, but that we
have no obvious futures tool for dealing with the risk. Our stub period in
this case would be 3 months long, and the stub rate would be a 3-month
cash market rate.

The stub period shrinks with the passing of time, of course. By the
middle of July, the stub period would have shrunk to 2 months, and the stub
rate would be a 2-month cash rate. By the middle of August, our exposure
would be to a 1-month cash rate.

The stub period poses two problems—one for pricing and one for
hedging. The pricing problem is not especially difficult to solve. All we
need, instead of a futures rate, is an appropriate term value for LIBOR with



which we can begin the process of calculating terminal wealths and zero-
coupon bond prices. In Exhibit 5.6, which reflects the market as of the
close of business on Thursday, July 18, 2002, we found a cash stub rate of
1.8291 percent. The value date for any cash market transaction on Thursday
would be the following Monday, July 22. With a value date of September
18 for the rate to which the Sep ′02 futures contract will settle, this stub rate
covered 58 actual days. As a result, terminal wealth for the end of the stub
period was 1.0029 [= 1 + 0.018291 × (58/360)], which we assume can be
rolled over at the rate of 1.87% that was implied by the price of the Sep ′02
Eurodollar contract at the close of business on July 18.

EXHIBIT 5.6 
Constructing Terminal Wealths and Zero Prices Using a Stub Rate 
Trade Date = Thursday, July 18, 2002 
Value Date for Stub Rate = Monday, July 22, 2002

The hedging problem posed by the stub rate is more difficult to solve.
Changes in stub rates tend to exhibit a low correlation with changes in
Eurodollar futures rates as shown in Exhibit 5.7.

EXHIBIT 5.7 
Correlation between Weekly Changes in Lead Eurodollar Futures Rates and
Spot LIBOR 
January 1997 through July 2002





This leaves the hedger with three choices. One is to leave the risk
unhedged. Part of the reason for the low correlation between changes in
stub rates and changes in the first Eurodollar contract rate is that Fed policy
has a very powerful influence over short-term money markets. It is possible
for 1-month and 2-month deposit rates to be very stable for long stretches
of time. So it is possible for a well-informed hedger to take a considered
risk and leave the exposure unhedged.

If the hedger wants to do something about the exposure, though, there
are really just two choices. One is to effect a cash market transaction—for
example, borrow cash for 58 days in this example at a term money market
rate—or piece together a strip of Fed funds futures, which because of the
way they settle, tend to provide excellent hedges for very short-term money
market exposure.

Date and Term Mismatches
The interest rate that represents the source of your risk almost never will
correspond exactly to the 3-month forward rate periods defined by the
expirations of Eurodollar futures. The rate you care about typically will
have a maturity other than 3 months, and the period spanned by your rate
will begin and end on dates that do not line up with Eurodollar expirations.

Consider, for example, a problem in which the source of your risk is a 6-
month rate that begins 1 month before the expiration of the Dec ′02 contract



and ends 2 months after the expiration of the March ′03 contract. The links
between this rate and the relevant Eurodollar futures rates is illustrated in
Exhibit 5.8. In this exhibit, we show the terminal wealths that could be
calculated from known stub and Eurodollar futures rates on July 18, 2002.
We also show interpolated values of terminal wealths for the start and end
dates of your 6-month period.

EXHIBIT 5.8 
Interpolating Terminal Wealths 
July 18, 2002



From these interpolated terminal wealths (TW), we can derive the
implied forward rate we care about. The forward-starting 6-month rate is
2.10%.

The logical linkage, then, between changes in Eurodollar rates and
changes in the rate that is the source of our risk, requires a reliable
interpolation routine. For a wide range of hedging problems, we use linear
interpolations of the natural logs of known terminals wealths. Just how this
is done, along with pros and cons, is described in “Measuring and Trading
Term TED Spreads,” chapter 11.

Whole Contracts
In this chapter, we have shown several decimal places when reporting the
results of hedge ratio calculations. The decimals are important because the



effects of time and the level of interest rates can be subtle and hidden by
rounding. At the same time, when you actually want to hedge something,
you are constrained to transact in whole numbers of contracts. As a result,
you must buy or sell either more or less than specified by the exact hedge
ratio. To some extent, you can smooth things out by slightly under-
weighting one contract month and slightly overweighting a neighboring
contract. Also, the whole contract problem becomes relatively less
important as the size of the position you are hedging increases.

Credit Spreads
The U.S. Treasury has a better credit standing than do LIBOR quality
banks. As a result, if you value a Treasury bond using Eurodollar zero
prices, the present value produced by this approach would be lower than the
bond’s price. On the other hand, if we were valuing a junk bond, the present
value produced by this approach would be higher than the bond’s price.

If you plan to use futures to value or hedge bonds with credits that are
either better or worse than the credit that underpins the LIBOR market, you
need a way to determine the credit spread between the two markets. You
also must be careful to work with the correct bond price when determining
hedge ratios. Both of these problems are dealt with in detail in “Measuring
and Trading Term TED Spreads,” chapter 11. This chapter also contains a
highly detailed technical appendix that covers problems of date mismatches
and differences in day-count conventions that will be useful to anyone who
has to do the coding for in-house computer programs.

Variable Credit Spreads
While the Eurodollar contract is tied to LIBOR, almost no one—with the
exception of A1/P1 rated banks—actually borrows or lends at LIBOR.
Almost all transactions will be done at a spread either above or below
LIBOR, and the spread can vary, sometimes a lot. Changes in the spread are
perhaps more important for borrowers than for lenders and a careful
consideration of your own credit situation can play an important role in
whether you decide to use Eurodollar futures to hedge. For example, if you
have excellent credit but face the possibility of a worsening of your credit,
you might well prefer to lock in your financing rates in the term financing
market rather than borrowing at floating rates and using Eurodollar futures



to cover your floating rate exposure. Eurodollar futures will protect you
against changes in LIBOR but will afford no protection against a worsening
of your own spread against LIBOR. In contrast, if your credit is already bad
but may improve, you might better your financing costs by using futures to
cover your variable rate exposure and leave yourself open to enjoying the
benefit of a fall in your own financing rate relative to LIBOR.



CHAPTER 6 
Pricing and Hedging a Swap with Eurodollar Futures

Interest rate swaps make up the lion’s share of the over-the-counter interest
rate derivatives market. They are extremely useful for both hedging and
trading, are used extensively in corporate funding programs, and are rapidly
becoming the core of fixed-income markets throughout the world. The
market for interest rate swaps really began to open up in the early 1980s
and quickly evolved to the point where most interest rate swaps use LIBOR
as the basic reference rate.

The swap market is, in some sense, the end user or retail market for
interest rate derivatives, while the Eurodollar futures market is the
wholesale market where swap dealers get the raw material for pricing and
hedging swaps. The purpose of this chapter is to provide a rudimentary
introduction to fixed/floating interest rate swaps and to the relationship
between swaps and Eurodollar futures. In this chapter, you will learn how
to:

• Determine the size and timing of cash flows on a swap
• Price and hedge a swap using the cash flow method
• Price and hedge a swap using the hypothetical securities method
• Measure convexity differences between forward and futures rates
• Relate a swap yield curve to forward (futures) and zero-coupon yield

curves

FIXED/FLOATING INTEREST RATE SWAPS
An interest rate swap is an agreement under which the two counterparties
agree to exchange cash flows whose values are determined by the notional
size of the swap and by the values of two interest rates. These two interest
rates can be whatever rates the contracting parties choose. For example,
swap counterparties could exchange cash flows based on commercial paper
and Treasury bill rates. The most common swaps, however, are
fixed/floating swaps in which the reference rate for the floating side is 3-



month LIBOR. In such a swap, one counterparty agrees to receive
payments based on a fixed rate that is established when the swap is
transacted and to make payments based on a floating or variable rate that is
set equal to 3-month LIBOR at key rate setting dates. The other
counterparty does just the opposite.

To price or hedge an interest rate swap, you need to be able to determine
the size and timing of all cash flows. To do this, you need to know:

• Notional principal amount
• Cash flows in arrears
• Periodicity
• Spot and forward-starting swaps
• Day-count conventions and swap yields

Notional Principal Amount
In principle, the cash flows on the interest rate swap could be replicated by
borrowing and lending in the cash market. For example, the cash flows on
the fixed/floating swap could be replicated by borrowing short term (say
every 3 months) and lending long term (for the life of the swap). If you
were replicating the cash flows on a $100 million swap, you would actually
borrow $100 million and turn right around and lend $100 million. Also,
when the term of the swap is over, you would use the principal value of
your asset to pay off the principal value of your liability.

With an interest rate swap, these principal amounts never change hands,
so the opening and closing transactions are eliminated. Rather, a swap has
what is known as a notional principal amount, which is used only to
calculate hypothetical interest payments. For example, on a $100 million
swap, you would apply the fixed and floating interest rates to $100 million.
The resulting hypothetical interest payments are the swap’s cash flows.

One consequence of this arrangement is that credit exposure in a swap is
less than it is in the cash market. Rather than having to worry about the
$100 million that someone owes you on your asset, you need worry only
about the net present value of the swap, and then only if the net present
value is positive and the other person owes you.

Cash Flows in Arrears



With most interest rate swaps, the hypothetical interest payments are paid
and received just as they would be on real assets and liabilities—at the end
of the interest calculation period. If you were to borrow money for 3
months, you would pay the interest on the loan at the end of the 3 months.
And so it is with a swap. Cash flows occur at the end of the interest
calculation period.

Periodicity
Fixed and floating cash flows can be done with any periodicity the two
counterparties choose. The payments could be made monthly, quarterly,
semiannually, or annually. The fixed and floating payments might have the
same periodicity, in which case the cash flows are netted, or different
periodicity. The floating rate reset dates have their own periodicity, which
may or may not match the periodicity of the floating cash flows.

What constitutes the standard mix of fixed and floating payments varies
over time, but at this writing, a very common mix is semiannual floating
and fixed payments, with the floating rate tied to 3-month LIBOR
compounded or to 6-month LIBOR.

Spot and Forward-Starting Swaps
With a spot swap, the initial net cash flow is defined when the trade is
executed. For example, if you do a fixed/floating swap that starts today, you
would determine both the fixed rate that will be used throughout the swap’s
entire life as well as the initial “floating” rate. As a result, you know when
the swap is transacted exactly how much cash will change hands at the first
cash flow date.

In contrast, a swap can start on a forward date. In this case, you might
determine the fixed rate today, when the trade is done, and wait until the
forward-starting date to determine the first of the floating rates. A common
version of a forward-starting swap is an “IMM” swap, whose rate setting
dates correspond exactly to the expiration dates for Eurodollar futures and
whose cash flow dates correspond to futures value dates. By design, these
swaps are especially easy to price and hedge because there are no date
mismatches with the Eurodollar futures market.

Day-Count Conventions and Swap Yields



You also have your choice of day-count conventions for both legs of the
swap. The most common would be an Actual/360 money market
convention for the floating side and a 30/360 corporate convention for the
fixed side. In practice, however, you can choose from:

• Actual/365 or Actual/Actual
• Actual/365 (Fixed)
• Actual/360
• 30/360 or Bond Basis
• 30E/360 or Eurobond Basis

for either the floating or the fixed side, and you can choose a different
method for each side.

Swap yields describe the fixed side of the swap. In the dollar market, the
usual convention is corporate—that is, semiannual 30/360—although the
swap yield often is quoted in the same terms as the thing it is hedging.
Therefore, if the swap is hedging a Treasury, its yield would be quoted
using Treasury conventions. If it is hedging a LIBOR-based loan, it might
be quoted in money market terms.

In keeping with this, swap yields in other markets (e.g., Europe, the
United Kingdom, and Canada) tend to be quoted using those markets’
conventions.

EXAMPLE 6.1

SWAP BASICS:1 AN IMM SWAP
Diagram the cash flows for the following 1-year fixed/floating IMM
swap:

Notional amount = $100 million
Trade date = June 17, 2002
Maturity date = June 18, 2003
Fixed side

Fixed rate = 2.41%
Payment dates = Eurodollar futures value dates
Day-count convention = Actual/360



Floating side
Reset dates = Eurodollar futures expiration dates
Payment dates = Eurodollar futures value dates
Day-count convention = Actual/360
Floating rate = 3-month LIBOR
Spread over floating reference rate = 0 bp
Floating rate for initial calculation = 1.8788%

For this IMM swap, the floating rate is reset on Eurodollar futures
expiration dates. Payment occurs three months after the rate has been
set. The first floating rate, for example, is set on the trade date, June 17.
The actual cash flow occurs on September 18, the next futures value
date. The swap payment is calculated by netting the fixed and floating
rate payments:

The first swap payment is:

This first net cash flow of $134,276 is paid to the counterparty that
receives fixed and pays floating. The remaining net cash flows are
unknown at the time of the trade.



APPROACHES TO PRICING AND HEDGING INTEREST RATE
SWAPS
The net cash flows on a fixed/floating swap are designed to mimic exactly
the net cash flows that would be produced by combining fixed and floating
rate assets and liabilities. For example, the person who receives fixed and
pays floating on an interest rate swap could achieve the same thing by
borrowing money at a variable rate and lending or investing the entire
amount at a fixed rate. In such a transaction, the opening cash flows (i.e.,
the principal amounts) would offset one another exactly, so the initial net
cash flow would be zero. Thereafter, net cash flows would reflect the
values of the fixed and variable interest rates. And at the final maturity of
the fixed rate asset, the principal amount would be used to pay off the
principal amount on the floating rate loan.

With this in mind, you can tackle the problems of pricing and hedging a
swap in either of two ways, both of which take you to the same answers.

Cash Flow Approach
With an interest rate swap, the principal amounts do not change hands—
only the hypothetical interest payments. Because the initial net cash flow in
the hypothetical trade described above is zero, you can solve the problem of
pricing the swap by finding a fixed coupon that would produce a set of net
cash flows whose present values sum to zero. Once you are in the swap, the
variable cash flows on the floating side of the swap can be viewed as your
source of risk, and you can hedge this risk by converting variable cash
flows into fixed.

Hypothetical Security Approach
Because a swap is designed to mimic the cash flows on the trade described
above, the swap can be valued as if it included the two hypothetical
securities. On the trade date, both securities would trade at par because you
are dealing at market rates. You already know the money market rate, so all
that remains is to find the fixed coupon that would set the value of the
hypothetical fixed rate note equal to par. Then, once you are in the swap,
you can determine how sensitive the values of your hypothetical fixed and
floating rate notes are to changes in Eurodollar rates and reckon your hedge
ratios accordingly.



Of the two approaches, you are likely to find that the hypothetical
security approach is both easier and more reliable than the cash flow
method, which requires enormous attention to detail. As usual, the chief
advantage of the cash flow approach is that it highlights the real financing
issues involved in managing a hedge. The chief advantage of the
hypothetical security approach is the simplicity afforded by working with
present values.

PRICING A SWAP USING THE CASH FLOW METHOD
For the purposes of this exercise, you will receive fixed and pay floating on
the very simple 1-year swap shown in Exhibit 6.1. Both fixed and floating
payments are made quarterly (and so are netted) and fall on Eurodollar
futures value dates. To simplify the upcoming analysis, fixed payments will
be calculated using the fixed coupon and a fixed 90/360 day count fraction,
while floating payments will be calculated using values of 3-month LIBOR
together with an Actual/360 money market convention. And, although the
fixed coupon on the swap does not depend on the swap’s notional principal
amount, we will work with a $100 million notional amount for the purpose
of calculating hypothetical cash flows.

EXHIBIT 6.1 
1-Year Fixed/Floating Interest Rate Swap with Quarterly Payments



Everything you need to price and hedge this swap is provided by the
Eurodollar futures market. First, the futures prices tell you the rates that
you can lock in. Second, Eurodollar futures are the tools you, as a swap
dealer, need to hedge any interest rate risk involved in taking one side or
the other of the swap. As a dealer, you can agree to pay fixed and receive
floating and offset your risk by buying Eurodollar futures. Or you can agree
to receive fixed and pay floating and hedge your risk by selling Eurodollar
futures. In either case, all you need to know is the fixed rate at which you
can do the trade and break even.

Consider the market data for June 17, 2002, that are shown in Exhibit
6.2. To price a 1-year swap, we will use the first four Eurodollar futures
rates, which are plotted in Exhibit 6.3. The Jun ′02 contract price implied a
3-month rate of 1.8788%, which was also the spot value of 3-month
LIBOR on that day. The Sep ′02 contract implied a rate of 2.105%, the Dec
′02 contract a rate of 2.495%, and the Mar ′03 contract a rate of 3.055%.
Given these rates, which can be locked in using their respective contracts,
the problem of pricing the swap is to find a fixed rate that is somewhere in
the middle of the pack.

EXHIBIT 6.2 
Eurodollar Futures Prices, Terminal Wealths, and Zero-Coupon Bond
Prices 
June 17, 2002

EXHIBIT 6.3 
Eurodollar Futures Rates vs. Swap Fixed Rate 
June 17, 2002



On balance, if you use the right fixed rate for the swap, you should find
that any positive net cash flows will just offset any negative net cash flows.
More to the point, the present values of cash flows on the swap should net
to zero. In this example, this condition will be met if you find the fixed
coupon, C, for which: where the Z’s represent the prices of Eurodollar zero-
coupon bonds that mature on the four respective cash flow dates. These are
available from Exhibit 6.2. Note that you use the price of a 3-month zero
that matures on September 18 to value the first cash flow, the price of a 6-
month zero that matures on December 18 to value the second cash flow,
and so forth. If you plug the four zero prices into the equation, you can
solve for C = 2.40670876% (see Exhibit 6.4).

EXHIBIT 6.4 
Net Cash Flows and Present Values for a 1-Year Receive Fixed/Pay
Floating Interest Rate Swap 
Fixed Rate = 2.40670876%



Exhibits 6.3 and 6.4 provide the comfort you need to know that this
solution is correct. First, you can see from the chart in Exhibit 6.3 that the
rate looks reasonable. It is higher than the first two of the Eurodollar rates
and lower than the last two. Second, as shown in Exhibit 6.4, if we use the
fixed rate to calculate the fixed cash flows on a swap with a notional value
of $100 million and use the four futures rates to calculate the so-called
floating payments, we find that the present values of the net cash flows sum
to 0.00.

In practice, you may find that the rate at which you do a swap is higher
or lower than what you have solved for here. For one thing, you are
unlikely ever to encounter this much precision. For another, in real market
situations, you and your counterparty may well be using slightly different
market data. For yet another, you will encounter the effects of bid/asked
spreads and uncertainties about the costs of hedging a swap position. For all
of these reasons and more, your objective in doing a swap is to obtain terms
that are favorable to you. If at all possible, in other words, you would like
the swap to be struck at a rate that produces a positive net present value for
you.

HEDGING A SWAP USING THE CASH FLOW METHOD



To hedge a swap using the cash flow method, the best way to start is to
write out the net present value (NPV) of the swap in terms of cash flows
and zero-coupon bond prices. Equation 6.1 shows that our 1-year receive
fixed/pay floating swap has four cash flows and four zero prices. Armed
with this expression, we can proceed to determine just how much the net
present value of the swap changes as we vary each of the four futures rates.
This, in turn, will allow us to calculate the hedge ratio for each of our
futures contracts.

EQUATION 6.1 
Find the 1-Year Swap Net Present Value Using the Cash Flow Method

NPV (Swap) = CF1Z1 + CF2 Z2 + CF3 Z3 + CF4Z4

where

CFi is the net cash flow for time i

   Zi is the zero bond price associated with time i

What we will find is that a change in each of the rates will have two
effects. The first, and primary, effect is the outright cash flow effect. If we
are receiving fixed and paying floating, any increase in a floating rate
before its rate setting date will cost us money. Thus, we are exposed to
increases in the Sep ′02, Dec ′02, and Mar ′03 futures rates. We are not
exposed to an increase in the Jun ′02 futures rate since June 17, our trade
date, marks the Jun ′02 futures expiration and the rate setting date for our
first cash flow.

The second, and secondary, effect is a sequence of present value effects.
An increase in each of the rates will decrease the price of each zero-coupon
bond that incorporates the rate. Note that even though the Jun ′02 contract
expires as of the swap trade date, we are still exposed to changes in spot
LIBOR. As a result, an increase in spot LIBOR will decrease the prices of
all four zero-coupon bond prices, while an increase in the Mar ′03 rate will
decrease only the price of the zero-coupon bond that matures on June 18,
2003.

The next step is to write out the partial derivatives (σ) to see how the
swap’s net present value is affected by a change in each futures rate. The
results of this exercise are shown in Equation 6.2.



EQUATION 6.2 
Find the Change in the 1-Year Swap NPV Given a Change in Futures

where

CFi is the net cash flow for time i

   Zi is the zero bond price associated with time i

   Fi is the futures rate for time i

Primary Effects
The first term in each of the four partial derivative equations represents the
present value of the change in the floating cash flow given a change in the
futures rate. The effect of a change in the rate on its associated cash flow is
represented by σCFi/σFi, and the zero-coupon bond price we use to
calculate the present value of the change is Zi.

The schematic provided in Exhibit 6.5 illustrates these cash flow effects.
Note, first, that when the deal is done, the first cash flow is set so that
changes in spot LIBOR will have no effect on the cash flow that falls in
September 2002. The values of the next three cash flows are still variable,
however. And, given the assumptions we have used so far in this example,
a 1-basis-point increase in any of these three rates will produce a loss of
$2,527.78 [= $100,000,000 × 0.0001 × (91/360)] in its associated cash flow.

EXHIBIT 6.5 
Hedging the Swap’s Cash Flows June 17, 2002



The time line presented in Exhibit 6.5 is very important for keeping the
present values straight. For example, a change in the Sep ′02 rate affects the
swap’s net cash flow on December 18, 2002, so we must use the price of a
zero that matures on December 18 to determine the present value of the
effect. A change in the Dec ′02 rate will, in turn, affect the March 19, 2003
cash flow, so we need a March 19 zero to value that change. And finally, a
change in the Mar ′03 rate will affect the June 18, 2003 cash flow, so we
need a June 18 zero to calculate the present value of that change.

We have, then, three variable cash flows, and, as shown in Exhibit 6.5,
the present values of these effects depend on when they fall. The nominal
or dollar value of a basis point (a.k.a. DV01) for each of the variable cash
flows is a loss of $2,527.78, but the present value of a basis point (a.k.a.
PV01) for each cash flow decreases with the length of the discounting
horizon. The present value of the effect of a change in the Sep ′02 rate, for
example, is a loss of $2,502.51 [= $2,527.78 × 0.9900], while the present
values of changes in the Dec ′02 and Mar ′03 rates are losses of $2,486.83
[= $2,527.78 × 0.9838] and $2,467.77 [= $2,527.78 × 0.9763] respectively.

Secondary Effects



To complete the hedge, the next step is to determine the sizes and signs of
the present value effects. In Equation 6.2, the secondary effects of a change
in each futures rate on the zero-coupon bond prices are represented by σZi/
σFi. A change in F1, for example, affects the zero prices associated with
each of the four cash flows.

For someone who is receiving fixed when the yield curve is upward
sloping, the early cash flows will tend to be positive so that any decrease in
the zero price used to calculate its present value will be a loss. On the other
hand, the later cash flows will tend to be negative so that any decrease in
present values will be a gain. The results of these calculations are shown in
Exhibit 6.6.

EXHIBIT 6.6 
Swap Hedge Based on the Cash Flow Method 
Effect of a 1-Basis-Point Increase in Each Futures Rate 
June 17, 2002

Because we are working with the swap’s net cash flows, these secondary
present value effects are very small relative to the primary cash flow
effects. A change in the Jun ′02 rate (spot or stub LIBOR) on balance has
no effect at all. The losses on the first two positive cash flows are exactly
offset by the gains on the last two negative cash flows. A change in the Sep
′02 rate, on the other hand, tends to offset very slightly the overriding cash
flow effect. Taken together, these effects add to a gain of $3.18, which
reduces the effect of a change in that rate on the swap’s net present value
from $2,502.51 to $2,499.34.

Calculating Hedge Ratios
As usual, once you have done all the hard work of finding the present
values of the effects of changes in the relevant futures rates, all that remains



is to divide the results by $25, as shown in Equation 6.3. The results of
these calculations are shown in the bottom row of Exhibit 6.6.

EQUATION 6.3 
Find the Eurodollar Futures Hedge Ratios for the Swap

where
Fi represents the ith futures contract.

Hedge Ratios Are Dynamic
Eurodollar hedge ratios are dynamic, of course, and vary with changes in
the level of interest rates and with the passing of time. (The effects of
interest rates and time show up in the zero price, which is used to calculate
the PV01.) As a result, your hedge ratios will tend to rise if rates fall
because the prices of the zeros you use will tend to rise. Also, your hedge
ratios will tend to increase with the passing of time because the present
values of the variable cash flows will tend to rise.

PRICING A SWAP USING THE HYPOTHETICAL SECURITIES
METHOD
At the outset of this chapter, we noted that the purpose of a swap is to
mimic the cash flows on transactions that could just as well be carried out
in the cash market. In this case, instead of receiving fixed and paying
floating on a $100 million notional swap, you could have borrowed $100
million at 3-month LIBOR on June 17, 2002, and used the proceeds to buy
a $100 million fixed rate note that would pay its fixed coupon in quarterly
installments. In such an arrangement, the 3-month borrowing would have to
be rolled over as each leg matures and refinanced at whatever 3-month
LIBOR happens to be at the time. At the end of one year, the fixed rate note
would also pay back its original principal of $100 million, which you
would use to pay off the principal amount of the fourth leg of your short-
term financing.



If you approach the problem of pricing the swap this way (and this is far
and away the most popular and reliable way to price a swap), all you need
to do is find the fixed coupon, C, at which the price of the hypothetical note
would equal par. In this particular case, this would be accomplished if:

which can be rearranged as

which also produces a solution of 2.40670876. Thus, the opening cash
market trades that would begin to replicate the cash flows on the
fixed/floating swap would be to borrow $100 million on June 17 at a spot
LIBOR rate of 1.8788 and invest the entire $100 million in a 1-year note
with a fixed coupon of 2.40670876. This way, the net initial cash flow
would be zero (as it is with the swap) because the principal amounts offset
each other perfectly. Thereafter, the net cash flows would be the difference
between what you receive on the fixed rate note and what you pay on your
floating rate financing. At final maturity, the principal amounts would
offset again.

HEDGING A SWAP USING THE HYPOTHETICAL SECURITIES
METHOD
Now we approach the problem of hedging the swap as if it were two
hypothetical securities—a fixed rate asset financed with a floating rate
liability. From the standpoint of someone with the position, the risk is not in
the cash flows but in the values of the two securities. Of the two, the less
risky is the floating rate liability, while the more risky is the fixed rate asset.

Floating Rate Liability
Consider the risks on June 17 once the two securities have been transacted.
In the first place, you have a 3-month liability whose terminal value on
September 18 will be



a value which is known today. At the instant the terms of the initial 3-
month borrowing have been set, its present value can be represented as

where
Z18Sep02 represents the variable value of a zero-coupon bond that 

matures on September 18 and whose price is

where
L represents the current (and variable) spot rate 
Days is the total number of days from now until 

September 18

In the middle of July, for example, L would represent a 2-month rate.

Fixed Rate Asset
The fixed rate asset represents four separate cash flows. The first three are
straight coupon payments, each of which is worth C/4. The last is a
combination of the final coupon payment and the bond’s principal. The
present value of this asset can be expressed as

which is the same expression we used to price the swap in the first place.
When the swap is viewed this way, all of the relevant cash flows are

fixed and only the spot and futures rates can vary. Finding the correct hedge
ratios is then simply a matter of determining the effect of a change in each
of the component rates on the net present value of the swap.



Find the Hedge Ratios
Consider first the effect of varying the value of spot LIBOR, which may be
referred to as the “stub” LIBOR rate. The change in the present value of the
liability would be:

where

      L* equals 0.018788 (fixed on trade date)

Days* equals 91 (fixed on trade date)

        L represents the variable value of spot LIBOR
σ, borrowing from the calculus convention, represents a small

change in whatever value follows it
 Z is the zero-coupon bond price

The change in the present value of the asset would be

where

in which Days represents the actual number of days in the period covered
by spot LIBOR. Taken together, the change in the net present value of the
swap could be written as



Once you have dealt with your exposure to changes in spot LIBOR, the rest
of the hedging problem looks fairly easy. Changes in the Sep ′02, Dec ′02,
and Mar ′03 futures rates have no effect on the value of your short-term
liability because they have no effect on the zero price used to value your
liability. All that remains are effects on the value of your asset, which can
be written as

where the Sep02, Dec02, and Mar03 subscripts correspond to the futures
contract month and year.

The results of calculating these expressions are shown in Exhibit 6.7.

EXHIBIT 6.7 
Swap Hedge Based on the Hypothetical Securities Method 
Effect of a 1-Basis-Point Increase in Each Futures Rate 
June 17, 2002

Writing out the interest rate effects this way helps to highlight the fact
that coupon-bearing notes are more sensitive to changes in nearby forward
rates than they are to changes in more distant forward rates. A change in the
Sep ′02 rate, for example, affects the present value of three cash flows,



while a change in the Dec ′02 rate affects the present value of two cash
flows, and a change in the Mar ′03 rate affects the value of only one. As a
result, when we solve for the hedge ratios, we find that we need fewer Dec
′02 contracts than Sep ′02 contracts, and we need still fewer Mar ′03
contracts.

Note, too, that the results of calculating the hedge ratios this way are
exactly the same as those we derived using the variable cash flow approach.
This is not an accident. Rather, it is because we took special care to express
both hedging problems correctly and to keep track of all cash flow and
present value effects in both problems.

This bears out a point made in the chapter on hedging with Eurodollar
futures. That is, you can think of hedging as converting variable cash flows
to fixed cash flows. Or you can think of hedging as converting variable
present values to fixed present values. Either way, the two problems are
really nothing more than two sides of the same coin and you should expect
the answers to be the same.

PRICING AND HEDGING OFF-THE-MARKET SWAPS
So far in our analysis, we have dealt with swaps that are said to be on the
market. These are swaps whose terms have been set at market and whose
net present values are close to zero. Once the terms of a swap have been
set, however, its value will rise or fall as the level of rates changes. And
occasionally the fixed rate on a swap might be set above or below the
current market level. In such cases, the net present value of the swap is not
zero and the swap is said to be off the market.

Exhibit 6.8 shows how fixed coupons that are above or below the
current market can affect the hedge for a swap. Consider, for example, a
coupon of 0.4067 percent (0.004067), which is 2 percentage points below
the market on June 17. If you are the counterparty who receives fixed, the
swap is now a net liability; the swap’s present value is negative. In such a
case, an increase in any of the four spot or futures rates that affect the
present value of cash flows on the swap will reduce the present value of this
liability, which would be a gain to you. You can see this in the upper panel
of the exhibit, where an increase in spot LIBOR, for example, increases the
net present value of the swap by $49.63. Similarly, you can see that the
losses produced by increases in the Sep ′02, Dec ′02, or Mar ′03 rates are,
on balance, smaller by roughly the same amount. As a result, the hedge



would include a long position of 1.99 Eurodollar futures equivalent to
hedge exposure to spot LIBOR and smaller short positions to hedge
exposure to changes in each of the three futures rates. Overall, the total
hedge would be net short approximately five fewer futures contracts.

EXHIBIT 6.8 
Hedge for Below-the-Market Swap (0.4067%) 
Effect of a 1-Basis-Point Increase in Each Futures Rate 
June 17, 2002

EXHIBIT 6.8 
Hedge for Above-the-Market Swap (4.4067%) 
Effect of a 1-Basis-Point Increase in Each Futures Rate 
June 17, 2002

Similarly, if you were to receive a fixed coupon of 4.4067 percent,
which is 2 percentage points above the market, the swap would represent a
net asset. Increases in any of the four rates would decrease the net present
value of your position, and as a result, your exposure to changes in rates
would be increased. You would now need to short the equivalent of 1.99
futures to hedge your exposure to a change in spot LIBOR, and you would
need larger short positions to hedge your exposure to each of the futures
rates.



CONVEXITY DIFFERENCES BETWEEN FORWARD AND
FUTURES RATES
We have seen several times throughout this chapter and in earlier chapters
that Eurodollar hedge ratios tend to rise as interest rates fall and fall as
interest rates rise. This tendency stems from the fact that the present values
of cash flows rise when rates fall and fall when rates rise. For students of
fixed income markets, this tendency is known as “positive convexity,”
which describes the curvature in the relationship between the price of a
non-callable bond and its yield as shown in Exhibit 6.9.

EXHIBIT 6.9 
Convexity Characteristics of a Non-Callable Bond

In contrast, Eurodollar futures have no convexity. The present value of a
basis point is a fixed $25.00, which is entirely independent of the level of
interest rates or the time to expiration of the Eurodollar futures contract.

The difference in convexity between non-callable fixed income
instruments and Eurodollar futures is the source of dynamic hedge income



for anyone who is long a non-callable bond or receiving fixed on a non-
callable swap and who hedges the position by selling Eurodollar futures.
For someone in the position, a decrease in rates increases the hedge ratio,
which requires the hedger to sell more Eurodollar futures (and at a higher
price). An increase in rates, on the other hand, decreases the hedge ratio,
which requires the hedger to buy back Eurodollar futures (and at a lower
price). Over time, as rates rise and fall at random, the hedger will pursue a
dynamic hedging rule that involves selling futures as prices rise and buying
futures as prices fall. The result is a trailing stream of hedging income that
can be worth quite a lot if the process is allowed to run long enough.

The upshot of this difference between the positive convexity of non-
callable fixed income instruments and the zero convexity one finds in
Eurodollar futures is that futures rates must be higher than forward rates to
compensate. That is, anyone who shorts Eurodollar futures must do so at a
higher rate, and hence at a lower price, than the forward rate that
determines the value of what one is hedging. Just how much this feature of
Eurodollar futures is worth is detailed in chapters 7, 8, and 9, “The
Convexity Bias in Eurodollar Futures,” “Convexity Bias Report Card,” and
“New Convexity Bias Series,” which show how the value of the bias is tied
to interest rate volatility and time to futures expiration.

For the purposes of this chapter, however, it is enough to know that if we
are using Eurodollar futures rates to price swaps, we must first adjust them
downward to net out the value of the bias. Exhibit 6.10, which is excerpted
with permission from Carr Futures “Daily Zero to Ten” report, provides
examples of how large the adjustments would have been on June 17, 2002.
Contract by contract estimates of the value of the bias are shown in the
column labeled “Bias.”

EXHIBIT 6.10 
Estimating the Convexity Bias between Futures and Forward Rates June
17, 2002 Data as of 3:00 p.m. NY Close





In this exhibit, the Jun ′02 contract has just expired, so the bias estimates
begin with the Sep ′02 contract and end with the Jun ′12 contract. An
examination of the convexity bias column shows the adjustment is very
small for nearby contracts but increases exponentially as the time to a
contract’s expiration increases. Thus, the adjustment for the Sep ′02
(EDU2) contract would be zero, while the adjustment for the Mar ′07
(EDH7) contract would be 18.6 basis points and the adjustment for the Jun
′12 (EDM2) contract would be 63.9 basis points.

The report also provides information about how sensitive the bias
estimates are to changes in the level of interest rates (delta), the relative
volatility of interest rates (vega), and the passing of time (theta). These
sensitivity estimates are shown both for individual contracts and for swaps
at key maturities. The report also includes the assumptions about interest
rate volatility that have been used to calculate the bias estimates.

When pricing swaps, the results can be substantial. Exhibit 6.11
compares the results of calculating swap rates using both raw unadjusted
futures rates and convexity-adjusted futures rates. And both are compared
with market swap rates. For example, the 5-year swap rate (see swap
maturity of Jun ′07) calculated from raw futures rates would have been
4.675%, while the rate calculated from the convexity-adjusted rates would
have been 4.608%. The difference was 6.7 basis points. The market swap
rate was 4.58%, which is much closer to the convexity adjusted rate than to
the unadjusted rate.

EXHIBIT 6.11 
Eurodollar Futures and Swap Convexity Bias 
June 17, 2002



The difference is, of course, even more pronounced for a 10-year swap
(see swap maturity of Jun ′12). The rate calculated from raw futures rates
was 5.584%, while the rate calculated from convexity-adjusted futures rates
was 5.376%. The difference was 20.8 basis points. The market rate was
5.38%, which was almost exactly the same as our convexity-adjusted rate.

The value of the convexity bias is charted in Exhibit 6.12, which shows
the value of the bias both by contract and for swaps of maturities ranging
from 1 to 10 years.

EXHIBIT 6.12 
Convexity Bias by Futures Contract and Swap Maturity 



June 17, 2002

COMPARING THREE YIELD CURVES: FORWARD, ZERO
COUPON, AND PAR COUPON
We now have all we need to conclude this chapter by comparing the three
workhorse yield curves that one commonly finds in the fixed-income world
—forward, zero coupon, and par coupon. Exhibits 6.13 and 6.14 show what
these curves looked like on June 17 if derived from the Eurodollar futures
market. The convexity-adjusted futures rates provide the futures market’s
best guess about the values of the forward rates for each of the 40 3-month
periods spanned by the 10 years in the table.

EXHIBIT 6.13 
Three Yield Curves: Futures, Zero Coupon and Par Coupon 
June 17, 2002





EXHIBIT 6.14 
Three Yield Curves: Futures, Zero Coupon, and Par Coupon 
June 17, 2002

Next to the convexity-adjusted futures rates are the zero-coupon and par
coupon yields that we have calculated from the convexity-adjusted futures



rates. As one expects, with an upward-sloping yield curve, the zero-coupon
yields are lower than the forward rates for each maturity, while the par
coupon yields are lower than both. This is simply because the zero-coupon
rates reflect a blend or average of the forward rates that go into the
calculation of the term rate. In turn, a coupon rate is a weighted average of
the zero-coupon yields that go into valuing each of the cash flows on a
coupon-bearing bond.

The Difference between Money Market Rates and Bond Yields
The convexity-adjusted futures rates in Exhibit 6.13 are shown as quarterly
money market rates, while the zero-coupon and par coupon yields are
shown as semiannual bond equivalent yields (bey). We could have
converted the money market rates to bond equivalent yields, or the bond
equivalent yields to money market rates. We did not, however, mainly to
make an important point.

Because yields are quoted in many different ways, a basis point in one
market can be worth more or less than a basis point in another market. If we
simplify the relationship between quarterly money market rates and
semiannual bond yields as

where R is the money market rate and y is the bond equivalent yield, we
find that

which says that the semiannual bond equivalent yield, y, will tend to be
higher than the quarterly money market rate, R. By the same token, changes
in bond equivalent yields will be larger than changes in money market
rates. Or, what is the same thing, the value of a basis point is smaller if the
reference rate is a bond yield than when the reference rate is a quarterly
money market rate.



What this suggests, of course, is that you should avoid the mistake of
calculating the value of a basis point using bond equivalent yields and
converting the results into Eurodollar hedge ratios by dividing them by $25.
The resulting hedge ratios will be too small. To avoid this mistake, it is
better to follow the hedging procedures outlined in these chapters and
reckon all values of a basis point in terms of quarterly money market basis
points.



PART THREE 
Eurodollar Futures Applications

One of the great advantages of working in a research group at a futures
brokerage company is that some really important questions come to you.
The chapters in this part are reprints of research notes that report on the
results of solving various pricing and hedging questions for our clients.
Each has been chosen because it represents an important milestone in our
understanding of the way Eurodollar futures should be used in practice.

CONVEXITY BIAS (Chapters 7 through 10)
Anyone who studies finance learns about convexity sooner or later. Even
so, it was not until Bill Hoskins and I published “The Convexity Bias in
Eurodollar Futures” (chapter 7) that the industry really seemed to sit up and
take notice. Until that time, it was standard practice in the swap industry to
treat futures rates as if they were forward rates. This practice produced
swap rates that were much too high because, as we learned, futures rates
should be higher than forward rates. For that matter, at the time we
published that note in 1994, the effect of incorporating the value of the
convexity bias amounted to almost 6 basis points for a 5-year swap. This
was big money and the discovery resulted in a substantial and somewhat
painful realignment of futures and swap rates.

Once it became generally well known that the relationship between swap
rates and Eurodollar rates was a function of interest rate volatility, a natural
extension was to think of the futures/swap spread in option terms. This led
us to reporting “convexity bias greeks”—deltas, vegas, and thetas—which
we first reported in “Convexity Bias Report Card” (chapter 8).

The steepening of the Eurodollar futures yield curve combined with a
sharp inversion of the implied volatility curve for Eurodollar options in
2001 threw a monkey wrench into the way we had been calculating the
theoretical value of the convexity bias for more than 5 years. The lessons
learned from this episode are reported in “New Convexity Bias Series”



(chapter 9), which shows how we dealt with this minor crisis. The solutions
reported there were largely the contribution of Lianyan Liu.

Our daily report on the value of the convexity bias has become known as
the “Daily Zero to Ten” (chapter 10), which is the successor to what we had
called the “Short End.”

TERM TED SPREADS (Chapters 11 and 12)
“Measuring and Trading Term TED Spreads” (chapter 11) was the result of
wrestling with the problem of how to map a string of Eurodollar rates into
something that could be compared with the yield on a term Treasury note.
Measuring TED spreads was no problem when the basic trade was one T-
bill contract against one Eurodollar futures contract. But when the industry
began to trade 2-year Treasury notes against strips of 8 Eurodollar futures
contracts, early efforts to quantify the spread produced wildly different
answers. Our work on this note gave us a chance to sort out the real trading
questions. At the same time, it allowed us to grapple with a host of real-
world hassles that one encounters when dealing with different settlement
conventions, day-count conventions, bad dates, and carry. The appendix to
this note is especially useful for anyone who has to start coding systems to
integrate coupon bonds with Eurodollar futures.

“TED Spreads: An Update” (chapter 12) provides a brief description of
our daily “TED Spread” report. One of the great contributions of this report
is that it shows forward TED spread values, which represent break-even
values given an assumed term repo finance rate.

HEDGING AND TRADING WITH EURODOLLAR
STACKS, PACKS, AND BUNDLES (Chapter 13)

We devote a lot of time and attention to deriving what I call “engineered”
Eurodollar futures hedges for swaps and coupon bonds. These are the
hedges that reflect the true forward rate exposure that you have in a
fixed/floating swap or in a coupon bearing note. These are hedges that will
work no matter what happens to the level or slope of the Eurodollar rate
curve. In practice, though, there are plenty of instances in which the trader
or hedger is willing to substitute speed and transactional efficiency for
hedge accuracy. Moreover, given the way the structure of Eurodollar



futures rates behaves, the idea of using equally weighted strips of
Eurodollar futures to hedge or trade makes perfect sense. This chapter is
especially useful for getting a working sense of how forward rates behave
and an appreciation for just how well the yield behavior of a long-term note
can be captured by a comparatively small segment of the futures rate curve.

HEDGING EXTENSION RISK IN CALLABLE AGENCY
NOTES (Chapter 14)

The work that went into this note started out as an effort to find an easy and
workable futures hedge for the directional exposure in callable bonds. What
emerged from this research was that the value of a callable bond depends
on the forward value of the note that would be called. This in turn led to our
discovery that good directional hedges for callable bonds were sensitive not
only to the level of yields but to the slope of the yield curve. And then,
when all the dust settled, we concluded that the most efficient futures hedge
for callable agency bonds would employ Eurodollar futures. I use this note
as the focus of my concluding lecture in my MBA class at the University of
Chicago’s Graduate School of Business. It is a perfect vehicle for seeing
just why derivatives are so useful to us and why the thinking that is
required to understand derivatives helps us to appreciate the real power of
Eurodollar futures.

OPPORTUNITIES IN THE S&P 500 CALENDAR ROLL
(Chapter 15)

Many of our clients roll positions from one contract month to the next each
month or quarter, depending on the expiration cycles. Knowing how best to
do these rolls—knowing how to time them in particular—can have a huge
effect on the transaction costs incurred in using futures. This note was the
result of trying to find the best way of rolling a large S&P 500 futures
position. What we found is that the financing rate implied by the S&P 500
calendar spread could be compared directly with the corresponding
Eurodollar futures rate, with a comparison of the two providing a reliable
guide to the spread’s richness or cheapness.

TRADING THE TURN (Chapters 16 and 17)



By the time this book comes to press, this particular feature of Eurodollar
futures may finally have faded into the past. Over 15 years ago, the Federal
Reserve completely mismanaged year-end reserves, which led to a huge
spike in the Fed funds rate for borrowing that spanned the end of the year.
Since that time, from the mid-1980s to the early 2000s, all Eurodollar
futures with December expirations traded at noticeably higher rates and
lower prices than the normal slope of the curve would suggest. For years,
“the turn” was a staple for research and trade recommendations during the
months leading up to the end of the year.



CHAPTER 7 
The Convexity Bias in Eurodollar Futures

Galen Burghardt and William Hoskins 
Research note originally released September 16, 1994

SYNOPSIS
There is a systematic advantage to being short Eurodollar futures relative to
deposits, swaps, or FRAs. Because of this advantage, which we
characterize as a convexity bias, Eurodollar futures prices should be lower
than their so-called fair values. Put differently, the 3-month interest rates
implied by Eurodollar futures prices should be higher than the 3-month
forward rates to which they are tied.

The bias can be huge. As Exhibit 7.1 shows, the bias is worth little or
nothing for futures that have less than 2 years to expiration. For a futures
contract with 5 years to expiration, however, the bias is worth about 17
basis points. And for a contract with 10 years to expiration, the bias can
easily be worth 60 basis points.

EXHIBIT 7.1 
Convexity Bias 
June 13, 1994



The presence of this bias has profound implications for pricing
derivatives off the Eurodollar futures curve. For example, a 5-year swap
yield should be about 6 basis points lower than the yield implied by the first
5 years of Eurodollar futures. A 10-year swap yield should be about 18
basis points lower. And the differential for a 5-year swap 5 years forward
should be around 36 basis points. (These estimates are explained in
Exhibits 7.10, 7.14, and 7.15.)

These are big numbers. A 6-basis-point spread is worth more than
$200,000 on a $100 million 5-year swap. An 18-basis-point spread is worth
about $1.2 million on a $100 million 10-year swap.

Although the swap market has begun to recognize this problem, swap
yields still seem too high relative to those implied by Eurodollar futures
rates. (See Exhibit 7.16.) If so, there is still a substantial advantage in favor
of receiving fixed/paying floating on a swap and hedging with short
Eurodollar futures. Also, because the value of the convexity bias depends
so much on the market’s perceptions of Eurodollar rate volatilities, one



should be able to trade the value of the swap/Eurodollar rate spread against
options on forward Eurodollar rates. The convexity bias also affects the
behavior of the yield spreads between Treasury notes and Eurodollar strips.

Students of Eurodollar futures pricing should like this note. The standard
approach to estimating the value of the convexity bias (also known as the
financing bias) has been bound up in complex yield curve simulations and
option pricing calculus. And, although such methods can yield reasonable
enough answers, we show how the problem can be solved much more
simply. For that matter, anyone armed with a spreadsheet program and an
understanding of rate volatilities and their correlations can estimate the
value of the convexity bias without recourse to expensive research
facilities.

INTRODUCTION
The difference between a futures contract and a forward contract is more
pronounced for Eurodollar futures, swaps, and FRAs than for any other
commodity. In particular, there is a systematic bias in favor of short
Eurodollar futures relative to deposits, swaps, or FRAs. As we show, the
value of this bias is particularly large for futures contracts with expirations
ranging from 5 to 10 years. The purpose of this note is to show:

• Why the difference is so important for Eurodollar futures
• How to estimate the value of the difference
• What traders can do about the difference

What we find is that the implications for swap traders and those who
manage swap books are particularly important. Given the rate volatilities
that we have observed over the past 4 years or so, it seems that market swap
yields should be several basis points lower than the implied swap yields
that one calculates from the rates implied by Eurodollar futures prices.
Judging by current spreads between these rates, it appears that the swap
market has not fully absorbed the implications of this pricing problem. As a
result, there still appear to be profitable opportunities for receiving
fixed/paying floating on swaps and hedging with short Eurodollar futures.
By the same token, this pricing problem raises serious questions about how
a swap book should be marked to market.



INTEREST RATE SWAPS AND EURODOLLAR FUTURES
Interest rate swaps and Eurodollar futures both are driven by the same
kinds of forward interest rates. But the two derivatives are fundamentally
different in one key respect. With an interest rate swap, cash changes hands
only once for each leg of a swap, and then only in arrears. With a
Eurodollar futures contract, gains and losses are settled every day. As it
happens, the difference in the way gains and losses are settled affects the
values of swaps and Eurodollar futures relative to one another. In particular,
there is a systematic bias in favor of receiving fixed and paying floating on
a swap and against a long Eurodollar futures contract. Or one can think of
the short Eurodollar position as having an advantage over paying fixed and
receiving floating on a swap. Either way, because swap prices are so closely
tied to Eurodollar futures prices, it is important to know how much this bias
is worth.

The easiest way to understand the difference between the two
derivatives is through a concrete example that compares the profits and
losses on a forward swap with the profits and losses on a Eurodollar futures
contract.

A Forward Swap
A plain vanilla interest rate swap is simply an arrangement under which
one side agrees to pay a fixed rate and receive a variable or floating rate
over the life of the swap. The other side agrees to pay floating and receive
fixed. The amounts of money that one side pays the other are determined by
applying the two interest rates to the swap’s notional principal amount.

The typical swap allows the floating rate to be reset several times over
the swap’s life. For example, a 5-year swap keyed to 3-month LIBOR
would require the value of the floating rate to be set or reset 20 times—
once when the swap is transacted and every 3 months thereafter. One can
think of the swap, then, as having 20 separate segments, with the value of
each segment depending on the swap’s fixed rate and on the market’s
expectation today of what the floating rate will be on that segment’s rate
setting date.

The starting point for our example is the structure of Eurodollar futures
prices and rates shown in Exhibit 7.2. These were the final settlement or
closing prices on Monday, June 13, 1994. Each of the implied futures rates



roughly corresponds to a 3-month period. The actual number of days
covered by each of the futures contracts is shown in the right-hand column.

EXHIBIT 7.2 
Structure of Eurodollar Futures Rates 
June 13, 1994

Now consider a swap that settles to the difference between a fixed rate
and the value of 3-month LIBOR on March 15, 1999. On June 13, 1994,
this would be a forward swap whose rate setting date is 4-3/4 years away
and whose cash settlement date is a full 5 years away. To make the example



more concrete, suppose that the forward swap’s notional principal amount
is $100 million. Suppose too that the fixed rate for this swap is 7.83
percent, which is the forward value of 3-month LIBOR implied by the
March 1999 Eurodollar futures contract. This may not be strictly the correct
thing to do, but throughout this note we use futures rates in lieu of forward
rates because we have much better information about the futures rates. And,
although the purpose of this note is to explain why the two rates should be
different, we can use the behavior of futures rates as an excellent proxy for
the behavior of forward rates.

The Value of a Basis Point
Under the terms of this forward swap, if the value of 3-month LIBOR turns
out to be 7.83 percent on March 15, 1999, no cash changes hands at all on
June 14. For each basis point that 3-month LIBOR is above 7.83 percent,
the person who pays fixed and receives floating on the swap receives
$2,527.78 [= 0.0001 × (91/360) × $100,000,000] on June 14, 1999. For
each basis point that 3-month LIBOR is below 7.83 percent, the person
who pays fixed/receives floating on the swap pays $2,527.78.

Thus, the nominal value of a basis point for this swap is $2,527.78, with
the cash changing hands 5 years in the future.

Eurodollar Futures
The futures market has based much of its success on a single operating
principle. That is, all gains and losses must be settled up at the end of the
day—in cash. This is as true of Eurodollar futures as it is of any futures
contract.

Consider the March 1999 Eurodollar futures contract. When it expires
on March 15, 1999, its final settlement price will be set equal to 100 less
the spot value of 3-month LIBOR on that day. Before expiration, the
Eurodollar futures price will be a function of the rate that the market
expects. If there were no difference between a futures contract and a
forward contract, and if the market expected a forward rate of 7.83 percent,
for example, the futures price would be 92.17 [= 100.00 − 7.83]. If the
market expected 7.84, the futures price would be 92.16. That is, a 1-basis-
point increase in the value of the forward rate produces a 1-tick decrease in
the futures price.



Under the Chicago Mercantile Exchange’s rules, each tick or 0.01 in the
price of a Eurodollar futures contract is worth $25. This is true whether the
futures contract expires 10 weeks from now, 10 months from now, or 10
years from now. The nominal value of a basis point change in the
underlying interest rate is always $25.

Reconciling the Difference in Cash Flow Dates
We now have two cash payments that are tied to the same change in interest
rates. For the particular forward swap in our example, a 1-basis-point
change in the expected value of 3-month LIBOR for the period from March
15 to June 14, 1999, changes the expected value of the swap settlement on
June 14 by $2,527.78. At the same time, a 1-basis-point change in the same
rate produces a $25 gain or loss that the holder of a Eurodollar futures
contract must settle today. The difference in timing is illustrated in Exhibit
7.3.

EXHIBIT 7.3 
Cash Consequences of a Change in a Forward Rate

The simplest way to reconcile the timing difference is to cast the two
amounts of money in terms of present values. Eurodollar futures are easy to



handle. Because gains and losses are settled every day in the futures
market, the present value of the $25 basis point value on a Eurodollar
futures contract is always $25.

The present value of the $2,527.78 basis point value for the swap can be
determined using the set of futures rates provided by a full strip of
Eurodollar futures. For example, if we suppose that $1 could be invested on
June 13, 1994, at the sequence of rates shown in Exhibit 7.2—for example,
4.56% for the first 98 days, 5.16% for the next 91 days and so on—the total
value of the investment would grow to $1.41509 by June 14, 1999. Put
differently, the present value in June 1994 of $1 to be received in June 1999
would be $0.70667 [= $1/$1.41509]. This is shown in the explanatory note
at the bottom of Exhibit 7.2 as the price of a zero-coupon bond with 5 years
to maturity. At this price, the present value of $2,527.78 5 years hence
would be $1,786.30 [= $2,527.78 × 0.70667].

Hedging the Forward Swap with Eurodollar Futures
Given these two present values, 71.45 [= $1,786.30/$25.00] Eurodollar
futures contracts would have the same exposure to a change in the March
1999 3-month forward rate as would $100 million of the forward swap. For
someone who receives fixed and pays floating on the swap, the appropriate
hedge against a change in the forward rate would be a short position of
71.45 Eurodollar futures. Considering what has gone into this calculation,
the number of Eurodollar futures needed to hedge any leg of a swap whose
floating rate is 3-month LIBOR would be

where NPA is the swap’s notional principal amount, or $100 million in our
example. The 0.0001 represents a 1-basis-point change in the forward rate.
Days is the number of days in the period, which is 91 in our example. The
Zero-coupon bond price is the price today of a bond that pays $1 on the
same day that the swap settlement is paid. In our example, the swap
settlement is 5 years away, and the price of such a bond is 0.70667. The $25
is simply the present value of a basis point for a Eurodollar futures contract.



The Other Source of Interest Rate Risk in the Forward Swap
Because any gain or loss on the swap is realized only at the end of the term,
a swap can have unrealized asset value. In particular, the present value of
the receive fixed/pay floating forward swap in our example can be written
as

where X is the fixed rate at which the swap was struck originally and F is
the current market value of the forward rate. From this we can see that the
unrealized asset value of a swap depends both on the difference between
the swap’s fixed rate and the forward rate and on the present value of a
dollar to be received on the swap’s cash settlement date.

The practical importance of this expression is that there are really two
sources of interest rate risk in a forward swap. The first, which we have
dealt with already, is uncertainty about the forward rate, F. The other is
uncertainty about the zero-coupon bond price, which reflects uncertainty
about the entire term structure of forward rates extending from today to the
swap’s cash settlement date. If the forward rate is below the fixed rate, for
example, the person who is receiving fixed and paying floating has an asset
whose value is reduced by a general increase in interest rates. To get
complete protection against interest rate risk, the swap hedger must offset
not only the exposure to changes in the forward rate, but exposure to
changes in the term or zero-coupon bond rate as well. The simplest way to
hedge against exposure to changes in zero-coupon term rates is to buy or
sell an appropriate quantity of zero-coupon bonds whose maturity matches
that of the swap.

Interaction between the Two Sources of Risk
Now we have come to the heart of the difference between a swap and a
Eurodollar futures contract. With Eurodollar futures, the only source of risk
is the forward or futures rate. When the futures rate changes, the holder of
the futures contract collects all of the gains or pays all of the losses right
away. The holder of the swap, on the other hand, faces two kinds of risk—a
change in the forward rate and a change in the term rate.



To see why this matters, consider what happens to a receive fixed/pay
floating swap and a short Eurodollar position if all 20 of the 3-month spot
and forward rates from June 1994 through March 1999 either rise or fall by
10 basis points. The results of such an exercise are shown in Exhibit 7.4.
Note, first, that the $17,863 gain on the short Eurodollar position when the
March 1999 futures rate rises 10 basis points is the same as the $17,863
loss when the futures rate falls 10 basis points.

EXHIBIT 7.4 
Swap and Eurodollar Futures P/Ls

Similarly, the nominal loss on the receive fixed swap—$25,278—when
the March 1999 forward rate rises is equal to the nominal gain when the
forward rate falls. Notice, however, that the present values of the gain and
the loss on the swap are not the same. This is because the price of the zero-
coupon bond falls when the forward rates rise and rises when the forward
rates fall. Taking the rates in Exhibit 7.2 as our starting point, the price of
the zero-coupon bond falls to $0.70315 per dollar when all of the forward
rates increase 10 basis points. The price of the zero increases to $0.71020
when all of the forward rates fall 10 basis points. (Because of differences in
compounding conventions, the semiannual bond equivalent yield on the
zero-coupon bond changes by 10.3 basis points when the various forward
rates change 10 basis points.)

With these changes in the price of the zero-coupon bond, the present
value of the loss on the swap if all rates rise 10 basis points is $17,774 [=
$25,278 × 0.70315], while the present value of the gain on the swap if rates
fall 10 basis points is $17,952. As a result, we find that the short Eurodollar
position makes $89 more than is lost on the swap if all forward rates rise
and loses $89 less than is gained on the swap if interest rates fall.

A familiar way of depicting this comparison is provided in Exhibit 7.5.
A receive fixed/pay floating swap, which requires the holder to pay a



floating or variable rate such as 3-month LIBOR while receiving a known
fixed rate, is much the same as owning a bond that is financed with short-
term money. The price/yield relationship for such a position exhibits what
is known in the fixed income trade as positive convexity. That is, the price
increases more when yields fall than the price falls when yields rise. In our
example, the increase in the swap’s price was $17,952 while the decrease in
its price was only $17,774. A Eurodollar futures position, on the other
hand, exhibits no convexity at all. Each basis point change in the forward
rate is worth $25 today no matter what the level of the interest rate. The
short Eurodollar position makes $17,863 for a 10-basis-point increase in
rates and loses $17,863 for a 10-basis-point decline in rates.

EXHIBIT 7.5 
The Convexity Difference between Swaps and Eurodollar Futures



Because of the difference in the convexities of the two instruments, a
receive fixed/pay floating swap hedged with a short position in Eurodollar
futures benefits from changes in the level of interest rates. As shown in
Exhibit 7.5, the difference in convexities for the forward swap in our
example is worth $89 if rates rise 10 basis points and $89 if rates fall 10
basis points.

Trading the Hedge
Exhibit 7.5 provides an especially useful way to illustrate the nature of the
trade. For example, if interest rates fall 10 basis points, the hedger of the
receive fixed swap is $89 ahead of the game. At this point, the hedger could
(in principle, if not for the costs imposed by bid/asked spreads and
brokerage) close out the position and pocket the $89. On the other hand, the
hedger could view this as a vehicle for trading Eurodollar futures that
would eventually accumulate a substantial amount of money. Notice that as
rates fall, the number of futures needed to hedge the position increases,
which requires selling the additional contracts at a higher price. On the
other hand, as rates rise, the number of futures needed to hedge the position
falls, which requires the hedger to cover some of the short futures by
buying the excess contracts at a lower price.

HOW MUCH IS THE CONVEXITY BIAS WORTH?
The difference in the performance of a swap and the performance of a
Eurodollar futures contract depends on three things:

• The size of the change in the forward rate
• The size of the change in the term rate (or zero-coupon bond price)
• The correlation between the two

These points are illustrated in Exhibit 7.6, which shows the net hedge P/L
on our $100 million forward swap for a variety of different possible rate
changes.

EXHIBIT 7.6 
Net P/Ls for a Receive Fixed/Pay Floating Swap Hedged with Short
Eurodollar Futures



If both rates rise 5 basis points, the net P/L is $22. If both rates rise 10
basis points, the net gain is $86, or nearly four times as much. (The net gain
in this instance is less than the $89 produced by the example illustrated in
Exhibit 7.4 because the term rate in this instance has only changed by 10
basis points rather than the 10.3 basis points produced by a parallel shift in
all 3-month spot and forward rates.) Also, if the forward rate rises 10 basis
points while the zero-coupon rate rises only 5 basis points, the net P/L is
$43. From this we can conclude that the value of the convexity difference is
greater when interest rates are volatile than when they are stable.

Exhibit 7.6 also allows us to see the importance of correlation. The net
P/Ls are positive if the two interest rates both rise or both fall. If one rate
falls while the other rises, the hedged position actually loses money. If one
rate changes while the other does not, there is neither a gain nor a loss.

Moreover, if the zero-coupon yield is just as likely to rise as it is to fall
no matter what happens to the forward rate, the expected or average net P/L
is also zero. For example, if the forward rate increases 10 basis points, the
net P/L is a gain of $86 if the zero-coupon rate also increases 10 basis
points. The net P/L is a loss of $86, though, if the zero-coupon rate falls 10
basis points. If the probability of the zero-coupon rate rising is a half no
matter what happens to the forward rate, then the expected or probability
weighted average gain would be zero.

How Correlated Are the Rates?
As it happens, forward interest rates and their respective term or zero-
coupon rates tend to be very highly correlated. Eurodollar futures rates and
strips can be used to estimate the correlation. Exhibit 7.7 shows, for



example, the relationship between changes in 3-month rates 4-3/4 years
forward and changes in 5-year zero-coupon term rates. As you can see, the
correlation is not perfect, but with only a few exceptions, increases in the
forward rate are accompanied by increases in the term rate, and decreases
in the forward rate are accompanied by decreases in the zero-coupon term
rate.

EXHIBIT 7.7 
Changes in 5-Year Term Rates versus Changes in the 4-3/4 Year Futures
Rate 
In Basis Points 
(Weekly Interval, 7/10/92 through 7/1/94)

Estimating the Value of the Convexity Bias
To get a rough idea of how much the convexity bias might be worth, we
used actual Eurodollar futures data to calculate hedge 1-week P/Ls for 3-
month forward swaps with 2 years and 5 years to final cash settlement. The
calculations were much like those summarized in Exhibit 7.4. In particular,
we used 1-week changes in the price of the eighth contract in an 8-contract
strip to represent the change in a 3-month forward rate 1-3/4 years forward.



We used all eight rates implied by the 8-contract strip to calculate 2-year
zero-coupon bond prices and then calculated the 1-week price changes
associated with 1-week changes in the 2-year term rate. For the longer-
dated forward swap, we used the change in the price of the 20th contract in
a 20-contract strip to represent the change in a 3-month forward rate 4-3/4
years forward and all 20 rates in the strip to calculate the price of a 5-year
zero-coupon bond.

The results of these exercises for the 3-month swap 1-3/4 years forward
are shown in Exhibit 7.8. The results for the 3-month swap 4-3/4 years
forward are shown in Exhibit 7.9. In both cases, the hedge P/L has been
divided by the number of futures contracts in the hedge so that the results
are expressed in dollars per Eurodollar futures contract. In other words,
Exhibit 7.8 shows the distribution of hedge P/Ls per futures for contracts
that would have had 1-3/4 years to expiration, while Exhibit 7.9 shows the
distribution of hedge P/Ls per futures for contracts that would have had 4-
3/4 years to expiration.

EXHIBIT 7.8 
Hedge P/L for a 3-Month Swap 1-3/4 Years Forward
(Weekly Gains Per Futures Contract, 1/5/90 through 7/1/94)



EXHIBIT 7.9 
Hedge P/L for a 3-Month Swap 4-3/4 Years Forward
(Weekly Gains per Futures Contract, 7/10/92 through 7/1/94)



Three things stand out. First, both relationships look a lot like long
straddles or strangles in Eurodollar options. In fact, while the resemblance
is close, the net P/L relationships in Exhibits 7.8 and 7.9 are much more
like parabolas than are straddle and strangle P/Ls. Even so, the option-like
quality of a swap hedged with Eurodollar futures is pronounced.

Second, the convexity is more pronounced for the 3-month swap 4-3/4
years forward than for the 3-month swap 1-3/4 years forward. This is
natural enough. Longer-dated swaps exhibit greater convexity than do
shorter-dated swaps, and that is what we are seeing in these two exhibits.



Third, the distribution of outcomes looks about right. As one would
expect, most of the realized outcomes involved fairly small changes in the
forward rate and correspondingly small net P/Ls on the hedged position.
Only some of the changes were very large.

Calculating the Value of the Bias
Given the outcomes plotted in Exhibits 7.8 and 7.9, it is now a simple
matter to calculate the average net P/L. Exhibit 7.8 shows that the average
outcome amounted to $1.39 per Eurodollar contract per week for futures
with 1-3/4 years to expiration. Exhibit 7.9 shows that the average hedge
P/L was $3.35 per Eurodollar contract per week for futures with 4-3/4 years
to expiration.

RECONCILING THE DIFFERENCE BETWEEN A SWAP AND A
EURODOLLAR FUTURES CONTRACT
If you have been thinking ahead, you may see in all of this the makings of a
free lunch. Exhibits 7.8 and 7.9 show all upside and no downside. As it
happens, if Eurodollar futures prices were simply 100 less the appropriate
forward rates, one could make money easily enough simply by receiving
fixed/paying floating on swaps and hedging them with short Eurodollar
futures. Unhappily for the swaps community, Milton Friedman was right in
reminding us that there is no such thing as a free lunch—at least not for
long.

If there is an advantage to being short Eurodollar futures, then one
should be willing to pay for the advantage. The interesting questions then
are how much this lunch should cost and how one should pay.

How One Would Pay for the Advantage
How one pays for the advantage is comparatively easy to describe. To make
the P/L distribution shown in Exhibit 7.8 a fair bet, the whole distribution
would have to be shifted down $1.39 for the week. To make the distribution
in Exhibit 7.9 a fair bet, the whole distribution would have to be shifted
down $3.35.

The easiest way to do this is to allow the futures rate to drift down
relative to the forward rate. This would cause the futures price to drift up
relative to the value of the swap. At the right rate of drift, the hedger who



pays floating on the swap and is short futures would expect to give up
$1.39 per week or $3.35 per week due to drift but would make it back on
average because of the convexity differences. In other words, the futures
rate implied by any Eurodollar futures price must start out higher than its
corresponding forward rate and drift down to meet it at futures contract
expiration. And, for what we are doing, it makes no particular difference
how one rate converges to the other. The futures rate can fall to meet the
forward rate, the forward rate can rise to meet the futures rates, or the two
rates can converge to one another. They are all the same to us.

If the presence of a convexity bias means that the futures rate should be
higher than the forward rate, then we have to be careful about how we
calculate the so-called fair value of a futures contract. The market
convention is to define the fair value of the futures as 100 less the value of
the forward rate. Considering the value of the bias in favor of short
Eurodollar futures, the fair value of the futures contract should be lower
than is provided by the conventional definition. How much lower depends
on the value of the convexity bias.

Translating the Advantage into Basis Points
In Exhibit 7.8 we found that the average net hedge gain for the 3-month
swap 1-3/4 years forward was $1.39 per week per futures contract. At $25
per basis point for a Eurodollar contract, this means that the rate of drift for
a Eurodollar futures contract with 1-3/4 years to expiration would have to
be about 0.056 [= 1.39/25] basis points per week to compensate for the
convexity bias. Over the span of a quarter, the drift would have to be about
0.73 basis points.

In Exhibit 7.9, we found that the average net hedge gain for the 3-month
swap 4-3/4 years forward was $3.35 per week per futures contract. Using
the same arithmetic, the rate of drift for the Eurodollar contract with 4-3/4
years remaining to expiration would have to be 0.13 basis points per week,
or about 1.74 basis points per quarter.

To determine how much the difference should be between a 3-month
rate 4-3/4 years forward and the 3-month interest rate implied by a
Eurodollar futures contract with 4-3/4 years to expiration, the problem boils
down to one of tracking a contract step by step and adding up the drift as
the contract approaches expiration.



A WORKABLE RULE OF THUMB
There are a number of ways to determine the value of the convexity bias.
One is the empirical approach illustrated in Exhibits 7.8 and 7.9. This is a
perfectly good approach if one simply wants to look back and reconcile the
historical differences between swaps and Eurodollar futures. The problem
with this approach, however, is that it hides the assumptions that go into
reckoning the value of the bias and makes it hard to adjust your estimates
of the bias as your views about rate volatilities and correlations change.

Another approach is to undertake extensive and complex yield curve
simulations that would allow you to estimate the cumulative gains
associated with trading a hedged swap book or with financing the mark-to-
market gains or losses on a futures contract. Such interest rate simulations
can produce reasonable results, but the equipment seems much too heavy
for the job and may well obscure what is really going on.

The good news in this note is that the problem can be tackled with
relatively light tools. The thrust of what we have done so far is that the
value of the convexity bias really depends on only three things—the
volatility of the forward rate, the volatility of the corresponding term rate,
and the correlation between the two. As it happens, the value of the drift in
the spread between the futures and forward rates that is needed to
compensate for the advantage of being short Eurodollar futures can be
expressed as:

Drift = Standard deviation of forward rate changes 
× Standard deviation of zero-coupon bond returns 
× Correlation of forward rate changes with 
   zero-coupon bond returns

where Drift is the number of ticks that the rate spread has to fall during any
given period to compensate for the convexity bias. Those who want to
know where this expression comes from will find an explanation along with
tips on how to apply the rule in Appendix A.

Applying the Rule of Thumb
Exhibit 7.10 provides examples of how to apply this rule to Eurodollar
futures contracts with times to expiration ranging from 3 months to 10
years. Consider, for example, the lead futures contract, which has 3 months



remaining to expiration. The annualized standard deviation of changes in
the lead futures price (or rate) is shown as 0.92% or 92 basis points. (Notice
that this is an absolute and not a relative rate volatility like those quoted for
Eurodollar options.) The annualized standard deviation of returns on a zero-
coupon bond with an average of 4-1/2 months to maturity (the zero begins
the quarter with 6 months to maturity and ends the quarter with 3 months
remaining) is shown as 0.35% or 35 basis points. This standard deviation is
itself the product of the standard deviation of changes in the yield on the
zero-coupon bond and the zero’s time to maturity, which is also its duration.
The historical correlation between these two changes is shown as 0.9945,
which is about as highly correlated as anything can be. Taken together, we
find that the required drift over a quarter of a year would be calculated as

EXHIBIT 7.10 
Calculating the Value of the Convexity Bias



In other words, for a Eurodollar futures contract with 3 months left to
expiration, the rate of drift expressed in basis points per quarter would be
0.08 basis points. That is, the spread between the futures and forward rates
would have to converge at this rate to compensate for the value of the
convexity differential.

The Importance of Time to Contract Expiration
If we do the same exercise for a futures contract that has 6 months left to
expiration, we find that the required quarterly rate of drift in the price or the
rate is 0.19 basis points [= 1.03% × 0.74% × 0.9824/4], which is over twice
as fast. The higher rate of drift is the combined effect of slightly higher rate
volatilities, a very slightly lower correlation, and a very much higher
duration of the zero-coupon bond.

As we saw in Exhibits 7.8 and 7.9, the value of the convexity bias
depends directly on the convexity of the forward swap that is associated
with the futures contract. This depends in turn on the price sensitivity of the
zero-coupon bond that corresponds to the swap’s maturity. Because the
price of a zero-coupon bond with 5 years to maturity is more sensitive to a
change in its yield than is the price of a zero with 2 years to maturity, the
value of the bias is greater for a Eurodollar futures contract with 4-3/4 years
to expiration than for a contract with 1-3/4 years to expiration.

The rule of thumb captures this effect nicely because the standard
deviation of a zero-coupon bond’s return is simply the product of the



standard deviation of the zero’s yield and its duration. If its yield is
reckoned on a continuously compounded basis, then a zero-coupon bond’s
duration is simply its maturity. The result is a higher rate of drift for
contracts with longer times remaining to expiration. For example, the rate
of drift for a contract with 5 years to expiration is shown in Exhibit 7.10 to
be about 1.5 basis points per quarter. For a contract with 10 years to
expiration, the rate of drift is nearly 3 basis points per quarter.

The Cumulative Effect of All This Drift
We know that when the futures contract expires, its final settlement price
will be set equal to 100 less the spot value of 3-month LIBOR. As a result,
the implied futures rate and the spot rate have to be the same at contract
expiration. We also know that the implied futures rate before expiration
should be drifting down relative to the corresponding forward rate so that
the two meet on contract expiration day.

The question, then, is how much different the futures and forward rates
should be at any time before expiration. The answer to this question is
found simply by adding up the quarterly drift estimates, which is what we
have done in the last column of Exhibit 7.10. For example, if a futures
contract with 3 months to expiration is drifting at a rate of 0.08 basis points
per quarter, then the futures and forward rates will have to be 0.08 basis
points apart if they are to meet exactly at expiration. On the other hand, if a
futures contract with 6 months to expiration is drifting at a rate of 0.19
basis points per quarter for the first 3 months of its life and then at a rate of
0.08 basis points for the last 3 months of its life, the total drift in the
contract’s price will be 0.27 [= 0.08 + 0.19] basis points for the entire 6
months. The bias for the next contract out would be 0.59 [= 0.08 + 0.19 +
0.32] basis points, and so on down the list.

For short-dated futures contracts, all of this work adds up to
comparatively little. For a contract with 1 year to expiration, for example,
the total cumulative value of the bias adds up to only 1.04 basis points.
Considering everything else that the market has to worry about, this is
really nothing.

On the other hand, the adding up of these little bits of drift per quarter
has a profound effect on the spread between futures and forward rates for
contracts with several years to expiration. For example, the cumulative
value of the bias for a contract with 5 years to expiration is about 17 basis



points. For a contract with 10 years to expiration, the cumulative value of
the bias is more than 60 basis points.

How Sensitive Are the Estimates to the Assumptions?
The rule of thumb makes it clear that the value of the bias is directly related
to three things—the volatility of the forward rate, the volatility of the zero-
coupon bond or term rate, and the correlation between the two. In
particular, because the rate of drift is calculated simply by multiplying these
numbers together, the required rate of drift is directly proportional to the
value of each of these three things. If forward rate volatility doubles, the
value of the bias doubles too. If term rate volatility doubles, the value of the
bias doubles as well. If both double, the value of the bias quadruples. If
both rate volatilities were increased by 10 percent, the value of the bias
would be increased by 21 percent. In other words, the value that anyone
places on the convexity bias depends clearly on his or her views about
interest rate volatility.

To get an idea of how changeable these three key variables could be, we
used Eurodollar futures data to estimate them for different time periods.
The results of these exercises are shown in Exhibits 7.11, 7.12, and 7.13.
The peculiar look of these exhibits—that is, the reason the lines have
different lengths—is because the Chicago Mercantile Exchange has added
futures contracts with longer times to expiration in more or less discrete
chunks. For example, from 1990 to 1992, futures contracts extended out to
4 years, and so our estimates of rate volatilities and correlations for these
years are limited to horizons of 4 years. By the middle of 1992, however,
the CME had listed the “golds,” which had 5 years to expiration. Then, by
the end of 1993, the exchange had listed contracts with expirations
extending out a full 10 years.

EXHIBIT 7.12 
Standard Deviation of Term Yield Changes (Annualized)



EXHIBIT 7.13 
Correlation of Eurodollar Rates and Term Rates

(b) Convexity Adjusted Swap Yields



Even with the mixed collection of data that were available to us, the
results are instructive. Consider first the volatility of forward rates, which is
represented by the standard deviation of Eurodollar futures rates in Exhibit
7.11. The annualized standard deviation of a 3-month rate 4 years forward
in 1993 was around 100 basis points, or 1 percentage point. So far in 1994,
the annualized standard deviation of a 4-year forward rate has been closer
to 140 basis points. In Exhibit 7.10, we used 114 basis points or 1.14
percent to reckon the value of the convexity bias for a futures contract with
4 years to expiration. (See Exhibit 7.10, column 2.) The estimate of 114
basis points was taken from the solid, unmarked line in Exhibit 7.11 that



extends all the way out to 10 years. This line represents our best guess
about the structure of forward rate volatilities for the years 1990 through
August 1994.

EXHIBIT 7.11 
Standard Deviation of Eurodollar Futures Rate Changes (Annualized)

Because the value of the convexity bias is directly proportional to the
standard deviation of forward rates and the standard deviation of term rates,
the ranges of these standard deviations shown in Exhibits 7.11 and 7.12
impart substantial range to the possible value of the bias. For example,
based on our best estimate of rate volatilities over the past 5 years, we
reckoned that the value of the bias was 17 basis points for a contract with 5
years to expiration. Because the rule of thumb is linear in rate volatility, we
can easily estimate the bias for higher or lower levels of rate standard
deviations. For example, if we scale both forward and term rate standard
deviations up by 15% (a reasonably high estimate given the volatility
experience we saw in Exhibits 7.11 and 7.12), the bias will increase to
about 22 basis points [= 17 × (1.15) × (1.15)]. On the other hand, if we
scale both standard deviations down by 15% (to a low estimate), the value
of the bias will decrease to about 12 basis points [= 17 × (0.85) × (0.85)].
So the true value of the bias for a contract with 5 years to expiration could



easily vary between 12 and 22 basis points depending on the market’s
assessment of rate volatility.

Of the three key variables, the correlation between changes in forward
and zero-coupon bond rates seems to be the most stable. To get a feel for
these relationships, we calculated the correlations between changes in
Eurodollar strip rates and changes in the rate implied by the last contract in
the strip. As shown in Exhibit 7.13, the lowest of these correlations appear
to have been in the low 90s or upper 80s, while the highest have been in the
upper 90s. We used correlations in the mid-90s to construct the estimates in
Exhibit 7.10. Given the range of correlations shown in Exhibit 7.13,
changes in correlation from one year to the next would increase or decrease
the value of the convexity bias by 3 or 4 percent, which is less than a basis
point for a contract with 4 years to expiration and only 2 or 3 basis points
for a contract with 10 years to expiration.

Practical Considerations in Applying the Rule
One of the good things about the way we approach the problem of valuing
the convexity bias is that anyone with a spreadsheet program and an
understanding of rate volatilities and correlations can do the job. To do the
job right, however, requires some attention to detail. For those who want to
try their hand at it, follow the guidelines provided in Appendix A.

THE IMPORTANCE OF THE BIAS FOR PRICING TERM SWAPS
The swap industry is accustomed to pricing swaps against Eurodollar
futures, chiefly because Eurodollar futures prices are thought to provide the
most accurate and competitive market information about forward rates. The
reasoning behind such a practice is solid because the futures market is more
heavily scrutinized by interest rate traders than either the cash deposit
market or the over-the-counter derivatives markets.

The problem now, however, is that swap traders are gaining a heightened
appreciation for the importance of the convexity difference between swaps
and Eurodollar futures. Several years ago, when futures expirations only
extended out 3 or 4 years, this was not much of a problem. Today, with
futures expirations extending to 10 years and with longer-dated swaps
trading more actively, the problem of reconciling the differences has
become more acute. The effect of the convexity bias on the pricing of



swaps against Eurodollar futures is illustrated for term swaps with various
maturities in Exhibit 7.14.

EXHIBIT 7.14 
(a) Eurodollar and Swap Convexity Bias June 13, 1994

The interest rates shown in the second column of the table represent the
spot and implied Eurodollar futures rates on June 13, 1994. If we take these
rates at face value and ignore the value of the convexity differences, we can
calculate two kinds of term rates. One is the Eurodollar strip rate, which is
the same as the rate for a zero-coupon bond with a maturity equal to the
length of the strip. Another is an implied swap yield. Examples of both are
shown in columns 5 and 6.

For example, the zero-coupon rate for a 5-year Eurodollar strip is shown
as 7.06 percent. The swap rate next to it is 6.98 percent. The reason for the
difference, which is described in Appendix B, is that a 5-year Eurodollar
strip gives equal weight to all 20 of the 3-month rates that go into its
calculation. An implied 5-year swap rate, however, gives greater weight to
the nearby forward rates than it does to the more distant rates. As a result, if



the forward rate curve slopes upward, the implied swap rate is lower than
the strip rate.

There is no need to take the futures rates at face value, however. If we
are confident in our estimates of the value of the convexity bias, then we
can adjust each of the futures rates before calculating the swap rates. No
adjustment would be required for the spot rate. An adjustment of 0.08 basis
points for the first of the Eurodollar futures rates is too small to have a
noticeable effect. The adjustment to the rate implied by the futures contract
with 5 years to expiration, however, is 17 basis points. As shown in
columns 3 and 4 of Exhibit 7.14, the convexity-adjusted futures rate would
be 7.74 [= 7.91 − 0.17] percent. Similarly, the convexity-adjusted futures
rate for the longest dated futures contract, which had 10 years to expiration,
would be 7.73 [= 8.35 − 0.62] percent to reflect an adjustment of 62 basis
points.

These convexity-adjusted futures rates are a much better reflection of the
forward rates implied by Eurodollar futures prices and are the rates that we
use to calculate what we call convexity-adjusted implied swap rates. For
example, the 5-year swap rate implied by the adjusted futures rates would
be 6.92 percent, which is 6 basis points less than the 6.98 percent that one
would get using the raw unadjusted rates. The 10-year swap rate would be
7.38 percent, which is 17 basis points less than the 7.55 percent obtained
from the unadjusted futures rates.

In other words, if our estimates of the convexity biases are reliable, then
a 5-year swap rate should be about 6 basis points lower than the rate
implied by raw Eurodollar futures rates. A 10-year swap rate should be
about 17 basis points lower. Put differently, if one wants to know whether
swap yields are rich or cheap relative to Eurodollar futures, the convexity-
adjusted yield spreads are the standards against which the market spreads
should be compared.

Biases in Forward Swap Rates
The market for forward swaps seems to have been growing recently. For
example, one can find more or less active markets for 5-year swaps 5 years
forward, or for 2-year swaps 8 years forward. For such swaps, the
convexity bias can loom fairly large.



Exhibit 7.15 shows what the bias would be for a wide range of spot and
forward swaps given the volatility and correlation assumptions that we
have used. Along the top row, for example, are the calculations for spot
swaps with terms ranging from 1 to 10 years. The numbers in this row are
the same as those in the right-hand column of Exhibit 7.14. Along the
second row are the biases for swaps that begin 1 year in the future. For
example, the value of the convexity adjustment for a 5-year swap that
begins 1 year in the future is about 9 basis points. In contrast, the value of
the convexity bias for a 5-year swap that begins 5 years in the future is
about 36 basis points.

EXHIBIT 7.15 
Convexity Bias in Forward Swaps (bp)

THE MARKET’S EXPERIENCE WITH THE CONVEXITY BIAS
Exhibit 7.16 provides an interesting look at how the market’s appreciation
for convexity bias has grown over the past couple of years. We used data on
5-year swap rates to calculate the spread between market swap rates and the
swap rates that can be calculated using Eurodollar futures rates. The solid
line represents the spread between market swap rates and the swap rates
implied by convexity-adjusted futures rates. The dashed line represents the
spread between market swap rates and the swap rates implied by the raw



unadjusted futures rates. Notice that in 1992, the spread between the market
and raw implied swap rates was around zero. In other words, in 1992,
swaps appear to have been priced right on top of the Eurodollar futures rate
curve. At the same time, the spread between market swap rates and the
convexity-adjusted implied swap rates was around 6 basis points.

EXHIBIT 7.16 
Spreads between Market and Implied Swap Yields

Since then, these spreads have fallen. Market swap rates now tend to
trade below those that are implied by raw, unadjusted Eurodollar futures
rates. At the same time, the spread between market and convexity-adjusted
rates has been drifting down toward zero. In both cases, the drop in the
spread suggests that the swap market is adapting to the value of the bias in
short Eurodollar futures relative to receive fixed/pay floating swaps. But
the adaptation appears to be incomplete. Given our estimates of the value of



the convexity bias, there still seems to be some advantage in hedging a
receive fixed swap book with short Eurodollar futures.

NOW WHAT?
The natural question to ask now is what can be done with this information.
Several possibilities come to mind.

Running a Receive Fixed, Pay Floating Swap Book
Given the size of the swap market, the value of knowing how to price
swaps correctly against Eurodollar futures prices is enormous. If a 5-year
swap is mispriced by as little as 2 or 3 basis points against Eurodollar
futures, the mispricing is worth about $80,000 on a $100 million swap. If a
10-year swap is mispriced by as little as 5 basis points, and our
conversations with swap traders suggest that this is possible, the mispricing
is worth about $350,000 on a $100 million swap. These are large amounts
of money and suggest that there is a lot at stake. For one thing, it suggests
that a swap desk can still make money by receiving fixed on swaps and
hedging them with short Eurodollar futures.

Marking a Swap Book to Market
Not that bank comptrollers and risk managers need any more to worry
about, but the value of the convexity bias between swaps and Eurodollar
futures raises a big question about how a derivatives book should be
marked to market. The standard for many banks is to mark its swaps to
market using Eurodollar futures rates. This standard makes good sense
because Eurodollar futures prices are the result of a much more open and
competitive market process than are swap yields in the over-the-counter
market. The problem we find now, however, is that Eurodollar futures
prices produce forward rates that are higher than the forward rates that
should be used to value swaps.

This leaves comptrollers and risk managers with a difficult choice. One
approach is to stick with raw, unadjusted futures rates. The advantage to
this approach is that the rates are easy to calculate and to document and no
one can tinker with them. The disadvantage to this approach, though, is that
the true value of the swap book is misstated.



The other approach is to make what seems like a reasonable allowance
for the value of the convexity bias. This has the advantage of providing
better estimates of the value of the swap book and of providing correct
incentives for a swap desk. The disadvantage is that convexity-adjusted
Eurodollar futures rates depend so much on assumptions about rate
volatilities.

Volatility Arbitrage
Because the spread between swap and Eurodollar rates should depend on
expected interest rate volatilities every bit as much as the prices of caps and
swaptions, one should be able to detect differences in implied rate
volatilities and to construct trades that profit from differences between the
two markets. For example, the spread between a 5-year swap yield and the
swap yield implied by a 5-year strip of Eurodollar futures can be used to
impute an expectation about interest rate volatilities from the perspective of
swap and Eurodollar traders. The price of a 5-year interest rate cap, on the
other hand, reflects that market’s expectations about interest rate volatilities
over the same period. A sharp trading desk should be able to arbitrage
differences between the two markets’ implied rate volatilities.

Evaluating Term TED Spreads
A trade that has gained considerable popularity over the past few years has
been to spread Treasury notes against strips of Eurodollar futures. In
practice, the market has viewed this trade as a way of trading the yield
spread between private bank paper and Treasury paper. Now we find that
the rates implied by Eurodollar futures prices reflect a convexity bias,
which means that these trades have a volatility component as well. For
notes with 5 to 10 years to expiration, the value of the convexity bias can
loom fairly large. The imputed credit spread between the yield on a 5-year
Eurodollar strip and a 5-year Treasury note really should be about 6 basis
points narrower than it appears to be. In light of the comparatively tight
spreads at which Eurodollars have been trading against Treasury notes
anyway, such an adjustment would make the imputed credit spread appear
to be paper-thin rather than merely narrow.



APPENDIX A 
Deriving the Rule of Thumb

The rule of thumb for calculating the rate of drift in Eurodollar rates
relative to forward rates stems directly from calculating the expected gain
when a forward swap is hedged with Eurodollar futures and applying the
“no free lunch” principle.

SWAP VALUE
The net present value of a forward swap that receives fixed and pays
floating for a 3-month period is:

where
NPA is the swap’s notional principal amount 

X is the fixed rate at which the swap is struck 
F is the forward rate

Days is the actual number of days in the swap period to which the
floating and fixed rates apply

Z is the fractional price of a zero-coupon bond that matures on the
swap payment date (which is Days following the swap rate
setting date)

The interest rates in this expression are expressed in percent (that is, 7
percent would be 0.07). If we multiply and divide this expression by
$1,000,000 as well as by 90, we get

which is fairly messy but allows us to arrive at



in which X* and F* are expressed in basis points. We also find the $25,
which corresponds nicely to the value of a tick or basis point on a
Eurodollar futures contract. The value of Days/90 compensates for the
actual length of the swap period.

When a typical swap is transacted, we begin with X* = F* so that the net
present value of the swap is zero. When interest rates change, both F* and Z
change, and both contribute to the swap’s profit or loss.

SWAP P/L AND HEDGE RATIO

For a change of ΔF* in the forward rate and ΔZ in the price of the zero, the
profit on the forward swap is

Because the change in the value of one Eurodollar futures contract is
equal to −$25 × ΔF*, the number of futures contracts needed to hedge
against unexpected changes in rates would be

This hedge ratio makes sense. The minus sign indicates that the hedger
must short the contracts, NPA/$1MM captures the nominal number of
contracts required, Days/90 reflects the importance of the day count in the
swap, and Z provides the present value correction for the difference in
timing of the cash flows on the futures and the swap.

EURODOLLAR P/L
Given this hedge ratio, the profit on the short Eurodollar futures position
would be



where Drift represents the systematic change in the Eurodollar futures rate
relative to the forward rate needed to compensate for the convexity
difference between the swap and the futures contract.

EXPECTED HEDGE P/L
To eliminate any possibility of a free lunch in this hedge, the expected
profit of the hedged swap must be zero. Put differently, the expected profit
on the swap must exactly offset the expected profit on the Eurodollar
position. Because the [(NPA/$1MM) × (Days/90) × $25] is common to both
the profit on the swap and the profit on the Eurodollar position, this part of
both expressions cancels out. The result of setting the two combined profits
equal to zero and rearranging shows us that

E[ΔF* × (Z + ΔZ)] = E[Z × (ΔF* + Drift)]
where E[] represents the market’s expectation today of whatever is
contained inside the brackets. Because Z is a known number, we can solve
for the drift by dividing through by Z within the expectations to get

If we combine this expression with the fact that the average move in
forward rates and term rates will be zero and use the formula for
correlation, we arrive at the rule of thumb:

This rule of thumb assumes nothing, by the way, about the distribution of
rate changes.

PRACTICAL CONSIDERATIONS
• The drift is expressed in basis points per period if the standard

deviation of ΔF* is in basis points per period.



• To use volatilities from the options market, relative or percentage rate
volatilities must be converted to absolute rate volatilities by
multiplying by the level of the interest rate.

• ΔZ/Z is the unexpected return on a zero-coupon bond over the period.
It should be expressed as a fraction (for example, as 0.015). The
easiest way to compute the standard deviation of ΔZ/Z is to break it
into two parts: the standard deviation of the zero’s continuously
compounded yield and duration. (See Appendix B for the method used
to compute continuously compounded zero-coupon yields from
Eurodollar futures rates.)

• The length of the period over which you calculate changes in rates is
not terribly important as long as the duration for the zero-coupon bond
is chosen to be its average years to maturity over the period. A period
of one day would be theoretically correct, because mark-to-market
actually occurs daily in the futures market. But this would be
computational overkill. Using a quarterly period produces almost the
same result as daily calculations but involves a lot less work.



APPENDIX B 
Calculating Eurodollar Strip Rates and Implied Swap Rates

EURODOLLAR STRIP RATES
A Eurodollar strip is a position that contains one each of the contracts in a
sequence of contract months. For example, a 1-year strip might contain one
each of the June ′94, September ′94, December ′94, and March ′95
contracts. A 2-year strip would contain these plus one each of the June ′95,
September ′95, December ′95, and March ′96 contracts. The rates implied
by a strip of Eurodollar futures prices together with an initial spot rate can
be used to calculate the terminal value of $1 invested today. For example,

where
TWT is the terminal value (i.e., terminal wealth) of $1 invested today

for T years
    R0 is spot LIBOR to the first futures expiration

    F1 is the lead futures rate [= 100 − lead futures price]

    Fn is the futures rate for the last contract in the strip

    Di is the actual number of days in each period, i = 0,…, n

From this value of terminal wealth, we can calculate Eurodollar strip
rates in several forms including money market, semiannual bond
equivalent, and continuously compounded. All three are zero-coupon bond
rates implied by a strip of Eurodollar futures prices.

MONEY MARKET STRIP YIELD
The money market strip yield is the value of RMM that satisfies



where N is the whole number of years in the strip and Df is the number of
days in a partial year at the end of the strip.

SEMIANNUAL BOND EQUIVALENT YIELD
The semiannual bond equivalent strip yield is the value of RSA that satisfies

which provides RSA as

CONTINUOUSLY COMPOUNDED YIELD
For computing returns on zero-coupon bonds, continuously compounded
yields are the most convenient because the duration of a zero-coupon bond
is equal to its maturity when yield changes are continuously compounded.
The continuously compounded yield is the value of RCC for which

eT×RCC = TMT

where e is the base for natural logarithms. This can be solved as

where ln () is the natural log.

ZERO-COUPON BOND PRICE
The price of a $1 par value zero-coupon bond that matures at T is:

IMPLIED SWAP RATES



A conventional fixed/floating interest rate swap typically is priced as if it
contains a long position in a floating rate note and a short position in a
fixed rate note. At the time of the transaction, the fixed and floating rates
are set so that the net present value of the swap is zero. If the initial floating
rate is set equal to the market rate for the term of the floater—for example,
equal to 3-month LIBOR if the swap has 3-month reset dates—then one
can assume the hypothetical floater would trade at par. As a result, one can
assume that the fixed rate on the swap must be set so that the hypothetical
fixed rate note would also trade at par. The swap yield is simply the coupon
rate that would accomplish this. For example, the swap yield for a 1-year
swap with semiannual reset dates would be the value of C that satisfied the
following

where Z6 is the price of a zero-coupon bond that matures in 6 months, and
Z12 is the price of a zero-coupon bond that matures in 12 months. If one
happens to be pricing a swap on a futures expiration date, the zero-coupon
prices would be calculated as

and so forth. Note that F1 and F2 appear both in Z6 and Z12 while F3 and F4
appear only in Z12. From this, one can see that the swap yield implied by a
sequence of Eurodollar futures rates is a weighted average of these rates
that gives greater weight to the nearby rates than to the more distant rates.



CHAPTER 8 
Convexity Bias Report Card

Galen Burghardt, William Hoskins, and Niels Johnson 
Research note originally released April 15, 1997

The purpose of this note is to review the performance of the convexity bias
estimates and to introduce the “convexity bias greeks.”

WHAT IS THE CONVEXITY BIAS?1

If you are long Eurodollar futures, you make exactly the same amount of
money if yields fall 10 basis points as you lose if yields rise 10 basis points.
In contrast, if you receive fixed on a forward position (e.g., on an FRA),
you make more when yields fall than you lose when yields rise. Thus, if the
Eurodollar futures rate were the same as the FRA rate, you would rather
receive fixed on the FRA. To compensate for the disadvantage of being
long Eurodollar futures, the Eurodollar futures price must be lower and the
implied futures interest rate higher than the FRA rate would suggest. By the
same token, the swap rate that one would calculate using a strip of
Eurodollar futures rates should be higher than the swap rate in the market.

Just how much this “convexity bias” is worth depends largely on the
volatility of interest rates.

HOW HAVE WE DONE?
Exhibit 8.1 compares just over a year’s worth of our theoretical values with
the market’s values of the convexity biases for 5-year and 10-year swaps.
We find the results both interesting and encouraging.

EXHIBIT 8.1 
Eurodollar/Swap Convexity Adjustments Theoretical vs. Market



In the first place, while the swap market’s valuation of the convexity
bias has not always agreed with ours, it has generally converged to our
estimates over the past year and a half. Thus, our estimates seem to provide
a reliable standard of fair value for pricing swaps against Eurodollar
futures.

Second, it is apparent that the swap market is now comfortable with the
idea that the value of the convexity bias can change with both the level and
volatility of interest rates. Thus, we see that both the market’s valuation of
the convexity bias and our theoretical estimate of the bias have drifted
down over time, as interest rate volatilities have fallen.

CONVEXITY BIAS GREEKS
As we showed in our original research note, the value of the bias depends
chiefly on two absolute interest rate volatilities and their correlation. While
the correlation is comparatively stable, the rate volatilities are not.
Moreover, the bias depends on absolute or basis point rate volatilities rather
than relative rate volatilities. The relationship between the two is:

Absolute rate volatility = Rate level × Relative rate volatility

Thus, the value of the convexity bias can increase because interest rates
go up or because implied relative rate volatilities go up. These effects can



be thought of as convexity bias deltas and vegas respectively.2

Convexity Bias Delta
The deltas shown in Exhibits 8.2 and 8.3 represent the effect on the
convexity bias of a 1-basis-point increase in the level of interest rates,
holding implied relative rate volatility fixed. The estimates in Exhibit 8.2
show the effect on the bias for single futures contracts. For example, a 1-
basis-point parallel increase in all forward rates would, under the market
conditions for April 14, 1997, increase the value of the bias 0.029 basis
points for the June ′01 (EDM1) futures contract.

EXHIBIT 8.2 
Eurodollar Convexity Bias Greeks April 14, 1997



EXHIBIT 8.3 
Convexity Bias Greeks for Swaps April 14, 1997

The estimates in Exhibit 8.3 show the total effect on the bias for swaps
of various key maturities. For example, a 1-basis-point increase in the level
of rates would increase the value of the bias for a 5-year swap by 0.012
basis points (or 1.2 basis points for a 100-basis-point increase in rates).

Convexity Bias Vega
The estimates in the vega columns of Exhibits 8.2 and 8.3 show the effect
of a 1-percentage-point increase in all of the relevant cap and swaption
volatilities that go into producing our estimates. For example, a 1-



percentage-point increase in relative rate volatilities would increase the
theoretical value of the bias by 0.620 basis points for a 5-year swap and by
2.189 basis points for a 10-year swap.

Convexity Bias Theta
A position that receives fixed on a swap or FRA and is short Eurodollar
futures should lose money gradually over time as futures rates fall to
converge with forward rates. Just how much a position should lose each
day is shown under the theta columns of Exhibits 8.2 and 8.3. If you
receive fixed on a 10-year swap and are short an appropriately weighted
strip of Eurodollar futures, you should expect to lose 0.012 basis points a
day.



CHAPTER 9 
New Convexity Bias Series

Galen Burghardt and Lianyan Liu 
Research note originally released February 1, 2002

The purpose of this note is to introduce a new convexity bias series that
corrects an apparent shortcoming in the original Carr Futures convexity
bias estimates. The original series worked well when both the yield curve
and volatility curve were comparatively flat. This past year, however, the
Fed’s aggressive campaign to cut interest rates produced an unusually steep
Eurodollar futures rate curve and a steeply inverted implied volatility curve.
(See the upper and lower charts in Exhibit 9.1.) As a result, our estimates of
the convexity at key maturities began to fall well below market values. (See
Exhibit 9.2.)

EXHIBIT 9.1 
Eurodollar Futures Rates 
January 4, 2001, and January 4, 2002



EXHIBIT 9.2 
Convexity Bias Values for 5-Year Swaps 
January 26, 1996, through December 31, 2001



The new series, which employs implied cap and floor volatilities
together with estimated correlations between Eurodollar futures rates and
corresponding zero-coupon rates, has been designed to be more robust in
the face of unusual changes either in the slope or curvature of the
Eurodollar rate curve or in the shape of the implied volatility curve.

The effect of our improved approach on estimates of the bias for 5-year
and 10-year swaps can be seen in Exhibit 9.2, which plots both the new
series and the original series against the market value of the bias for the
past 6 years. For most of these 6 years, the two series produced roughly the
same estimates. Over the past year, however, the new series does a much
better job of tracking the market. While the original series actually showed
declining bias values over the past year, the new series not only catches the
change in direction of the market bias but tracks the market values as well.

Eurodollar Futures Implied Volatilities 
January 4, 2001, and January 4, 2002



Convexity Bias Values for 10-Year Swaps 
January 26, 1996, through December 31, 2001



CHAPTER 10 
Convexity Bias: An Update

Chapters 7, 8, and 9 reproduce 3 research notes:
• The Convexity Bias in Eurodollar Futures (1994)
• Convexity Bias Report Card (1997)
• New Convexity Bias Series (2002)

These three notes describe the work we have done to gain an understanding
of the relationship between Eurodollar futures rates and the forward rates
that one would use to price interest rate swaps. The “Daily Zero to Ten,” a
four-page daily report produced by Carr Futures, is the working tool that
has emerged from these notes. We reproduce a copy of this report, taken
from the close of business September 10, 2002, in Exhibit 10.1.

EXHIBIT 10.1 
Daily Zero to Ten









For swap traders, the two most important pages are the first and fourth.
The first page compares swap rates derived from three sources: the market;
raw, unadjusted Eurodollar futures rates; and convexity-adjusted futures
rates. For swap traders, the upper part of the lower panel is most relevant



day to day. There you will find mid-market swap rates as reported by
Reuters, a Eurodollar implied swap rate (as calculated from unadjusted
futures rates) and an estimated convexity-adjusted Eurodollar implied swap
rate (from convexity-adjusted rates). For example, the mid-market 5-year
swap rate in the attached report was 3.640%. The Eurodollar implied swap
rate was 3.718%, and the convexity-adjusted Eurodollar implied swap rate
was 3.633%. The actual convexity bias was then 7.87 basis points [≈
3.718% − 3.640%], while the estimated or theoretical convexity bias was
8.52 basis points [≈ 3.718% − 3.633%].

The fourth page is especially useful to risk managers, who often need
convexity bias estimates from a disinterested source. Carr Futures can be
this source, since it is a specialist futures firm and has, as a result, no swap
book to value. This page is also useful to those who want to know what
assumptions have gone into our calculations and how sensitive the
estimates are to changes in rate levels and rate volatilities.



CHAPTER 11 
Measuring and Trading Term TED Spreads

Galen Burghardt, William Hoskins, and Susan Kirshner 
Research note originally released July 26, 1995

SYNOPSIS
The spread between Treasury and Eurodollar rates, which we know as the
TED spread, has been a staple trade in the futures markets ever since the
Eurodollar contract was listed in 1981. As a measure of the credit spread
between high-grade bank debt and Treasury debt, the TED spread often has
responded sharply to financial crises that have threatened to harm the credit
quality of the banking system.

Although the world has become less skittish over the years and tends to
react less violently to financial crises than it once did, the basic TED spread
is still an active part of the trading scene. And over the past several years,
the trade has extended into more sophisticated territory. The original TED
was simply the spread between the price of a Treasury bill futures contract
and the price of a Eurodollar futures contract. Now we find a growing
interest in trading Treasury notes (or note futures) against strips of
Eurodollar futures. We call these term TED spreads.

The basic TED spread is the easiest thing in the world to trade. Because
a basis point is worth a flat $25 for both Treasury bill and Eurodollar
futures contracts, buying the TED spread involves nothing more than
buying Treasury bill futures and selling an equal number of Eurodollar
futures in the same contract month.

Term TED spreads, however, are trickier both to measure and to trade,
and the purpose of this note is to lay out as neatly as we can the various
ways of approaching the trade. In the process, we show that simple zero-
coupon (unweighted) measures of the spread are sensitive to changes in the
slope of the yield curve while coupon (weighted) measures of the spread
are not, and we show how to construct the two kinds of trades correctly. We
show that the trade is not as directional as a lot of traders think. We show
that measures of term TED spreads can be very sensitive to seemingly
innocuous assumptions or mistakes that one might make when dealing with



Eurodollar and Treasury markets. We also discuss in some detail the
choices that traders can make when dealing with exposure to the “stub” rate
and the consequences of the choices they make.

I should mention that this note is not as imposing as its size might make
it seem. The main body of the note is comparatively short and contains
most of what a trader needs to know about how term TED spreads are
measured and traded. The technical appendix, on the other hand, is a hefty
piece of work that contains everything anyone might want to know about
the intricacies of relating markets for coupon-bearing notes and bonds to
the Eurodollar futures market. As such, it will serve as a technical
document for anyone who wants to know how to reconcile settlement dates
and date mismatches in different markets, and how to calculate hedge
ratios.

TED SPREADS
The spread between Eurodollar and Treasury rates has been one of the great
staples of trading ever since the Eurodollar futures contract was listed in
1981. As a measure of the difference in credit quality between prime
London banks and the U.S. Treasury, the TED spread has widened with
each new financial crisis and narrowed as fears have died down. As shown
in Exhibit 11.1, the TED spread has become much less volatile than it once
was, but it is still an actively watched measure of the credit quality of the
banking system.

EXHIBIT 11.1 
History of the TED Spread, 1970–1995 
3-Month LIBOR Less 3-Month Treasury Bill Rate



Simple TED Spreads
From the outset, the most actively traded TED spread has been the
difference between the Treasury bill and Eurodollar (ED) futures prices.
Because of the way these two contract prices are quoted,

Treasury bill futures price = 100 − 3-month Treasury bill rate

ED futures price = 100 − 3-month ED rate
The spread between the T-bill and Eurodollar futures prices is the
difference between the market’s expectations of 3-month LIBOR and the 3-
month Treasury bill rate as of the expiration of the futures contract. That is,

Bill futures price − ED futures price = 3-month ED rate − 3-month bill rate
This is a very simple trade to execute because the value of a basis point is
$25 for both of these contracts. Therefore, if you think the TED spread will
increase, you can simply buy Treasury bill futures and sell an equal number
of Eurodollar futures, and the value of a basis point change in the spread



will be $25 times the number of spreads. For example, if you buy 100 T-bill
futures and sell 100 Eurodollar futures, each basis point increase in the
TED spread will produce a gain of $2,500.

Term TED Spreads
Over the past several years, the market has taken an interest in the spread
between longer-term Treasury and Eurodollar rates. These spreads are
known generally as term TED spreads, and Exhibit 11.2 shows how the 2-
year TED spread has behaved over the past several years. Given their
volatility, these are highly tradable spreads. But unlike the simple TED
spread between Treasury bill and Eurodollar futures prices, term TED
spreads are both harder to measure and harder to execute properly.

EXHIBIT 11.2 
2-Year Term TED

TWO KINDS OF TERM TED SPREADS
While everyone computes Treasury yields using well-accepted standards,
there are several ways to compute the yield on the Eurodollar side of the



spread. The two most widely used measures of the Eurodollar yield are
those that use a zero-coupon rate and those that make an effort to translate
Eurodollar futures rates into a yield on a coupon bearing instrument. We
will refer to the first of these as unweighted Eurodollar strip yields and the
second of these as weighted Eurodollar strip yields.

Unweighted Eurodollar Strip Yields versus Treasury Yields
This form of the term TED spread is easy to calculate and easy to trade. In
its most basic form, a Eurodollar strip yield is simply the bond equivalent
yield on a zero-coupon bond where the price of a $1 zero-coupon bond is

In the denominator is the amount to which $1 would grow at maturity if
invested at today’s spot rate, S, and Eurodollar futures rates, Fi. The
weights given these rates are the days in their respective periods, Di.
Because most Eurodollar futures contracts cover a 91-day period, this
calculation gives nearly equal weight to each rate.1

This method has one important shortcoming: it produces term TED
spreads that are sensitive to changes in the slope of the yield curve. If one
calculates the present value of a coupon bearing note using Eurodollar
futures rates, it is easy to see that the note’s present value or price is more
sensitive to changes in the nearby rates than to changes in more distant
rates.



In this expression, the nearby futures rates (for example, F1 and F2) appear
in all of the present value calculations, while the more distant rates (for
example, F8) appear only in the calculation of later cash flows. Because of
this, one can imagine a simple rotation of the forward rate curve that would
have no effect on the price of a zero-coupon note (for example, raising the
first two futures rates 10 basis points and lowering the last two futures rates
10 basis points) but that would lower the price of a coupon note. Such a
rotation would have no effect on an unweighted Eurodollar strip yield but
would increase the yield on a coupon bearing note.

Weighted Eurodollar Strip Yields versus Treasury Yields
To produce measures of the term TED spread that depend only on the credit
spread and not on the slope of the yield curve, one must find a way to give
greater weight to nearby futures rates and less weight to the more distant
futures rates. We calculate two such measures. One is the spread between
implied Eurodollar yields and Treasury yields. The other is the fixed basis
point spread against Eurodollar rates needed to reconcile Eurodollar rates
with Treasury note prices.

Implied Eurodollar Yield versus Treasury Yield
This approach to measuring the spread begins by finding what the note
would yield if it were issued by a bank of LIBOR quality. We call this the
implied Eurodollar yield. From this we subtract the note’s actual yield to
produce the spread.

The implied Eurodollar yield on the note is found by calculating the
present value of the Treasury note’s cash flows using discount factors
derived from spot LIBOR and Eurodollar futures rates and then finding the
note’s yield at that present value. Because Eurodollar rates are higher than
corresponding Treasury yields, the present value of the note at these rates is
lower than its full market price, and the implied Eurodollar yield is higher
than the note’s actual market yield. When measured this way, the term TED
spread is expressed as a semiannual bond equivalent yield.

Fixed Basis Point Spread to Eurodollar Futures Rates
Another way to give greater weight to nearby futures rates when computing
the term TED spread is to answer the question “What fixed number of basis



points must be subtracted from each Eurodollar futures rate to produce a
present value of the Treasury note that is equal to its actual full market
price?” When measured this way, the spread is expressed in quarterly
money market basis points, which uses an Actual/360 day-count
convention.

Complete operating instructions for calculating the different measures of
the term TED spread are provided in the technical appendix, which covers
day-count conventions, date mismatches, and various other real-world
headaches that make life in the markets so interesting.

HOW DO THESE RATES COMPARE?
The three approaches to reckoning the term TED spread are illustrated in
Exhibit 11.3, which provides on-the-run 2-year and 5-year spreads for June
5, 1995. Exhibit 11.4 provides a history of all three measures of the 5-year
term TED spread since September 1993.

EXHIBIT 11.3 
Term TED Spreads 
June 5, 1995

EXHIBIT 11.4 
5-Year Term TED Spreads 
September 1993 through May 1995



The differences between the three measures of the spread have two main
causes. First, as shown in Exhibit 11.4, the Eurodollar strip measure of the
spread can be quite a bit larger than either of the other two measures. When
the yield curve is positively sloped, the Eurodollar strip yield is higher than
the implied Eurodollar yield because relatively greater weight is given to
the higher rates found on the more distant parts of the forward rate curve.
This is the same effect as zero-coupon bonds yielding more than coupon
bonds when the yield curve is positively sloped.

This difference is illustrated more forcefully in Exhibit 11.5, which
charts the difference between the Eurodollar strip and implied Eurodollar
measures of the 5-year term TED spread (on the vertical axis) against the
slope of the yield curve as measured by the difference between the fifth
year and lead Eurodollar futures rates (on the horizontal axis). Notice that
when the yield curve is steep, the difference between the unweighted and
weighted measures of the spread is quite large. When the yield curve is
nearly flat, on the other hand, the difference between the two measures is
almost zero. And, if the yield curve were to invert, the Eurodollar strip rate
version of the spread would actually be smaller than that given by the
implied Eurodollar yield spread.



EXHIBIT 11.5 
Effect of Yield Curve Slope on the Difference between Unweighted and
Weighted TED Spreads (5-Year)

The chief lesson here is that if one wants to trade the straight credit
spread between Eurodollar futures and Treasury notes, without interference
from the slope of the yield curve, one should focus on term TED spreads
that give appropriately greater weight to the nearby contracts.

A second difference between the spreads stems from Treasury issues that
have so-called bad dates. Some Treasury notes have coupons or principal
payments that are scheduled to fall on weekends or holidays. In these cases,
the actual cash payments are made on the first following business day. This
is a well known problem in the Treasury market, and the effect of delaying
these cash payments is to lower the price of the note. Because the note’s
yield is calculated without regard to these delays, however, its yield will
appear to be higher than it really is. The swap market compensates for this
effect, which can be worth as much as 1.5 basis points or more, by reducing
the quoted swap spread over Treasuries if the relevant on-the-run note has
bad dates. The way we calculate the implied Eurodollar/Treasury spread
produces the same effect, so this measure of the term TED spread is the
best for making comparisons between term TED spreads and swap spreads.



In contrast, we calculate the fixed basis point spread to Eurodollars
version of the spread assuming that all of the Treasury note’s cash flows fall
on actual business days. As a result, the fixed basis point spread to
Eurodollars version is perhaps the cleanest version of the pure credit
spread. It is not influenced by the slope of the yield curve, and it is not
confused by bad dates. On the other hand, it does not lend itself as well to
comparisons with swap spreads, which are influenced by the timing of cash
flows on the Treasury note.

HOW DIRECTIONAL IS THE SPREAD?
There is a strong sense among traders that the term TED spread is highly
directional. This view is seemingly borne out in Exhibit 11.6, which charts
the value of the 2-year term TED spread against the yield on a 2-year
Treasury note. On average, this spread has been comparatively wide when
note yields have been high and comparatively narrow when note yields
have been low. A closer examination of the relationship suggests, however,
that term TED spreads are much less directional than Exhibit 11.6 seems to
imply.

EXHIBIT 11.6 
2-Year TED Spread versus 2-Year Note Yield 1989 through 1995



Notice first how the observations are clumped. If you focus on the
period before June 1991, when 2-year note yields were trading between
6.50 percent and 9.00 percent, the values of the term TED spread (which
are shown as circles) seem to be more or less randomly scattered. Or if you
focus on the period after June 1991, when 2-year note yields were trading
in a much lower range, the values of the term TED spread seem again to be
more or less randomly scattered.

The lack of any significant directional relationship between the size of
the spread and the level of note yields is driven home even more forcefully
in Exhibit 11.7, which shows 1-month changes in the value of the 2-year
term TED spread against 1-month changes in the level of 2-year Treasury
note yields. If you look hard enough, you can see a slight positive
relationship, but any trades based on this kind of relationship would be
subject to a lot of noise.

EXHIBIT 11.7 
Change in 2-Year Term TED Spread versus 



Change in 2-Year Treasury Yield 
Monthly Intervals, May 1989 through May 1995

TRADING THE SPREADS
How you trade the spread depends entirely on how you measure the spread.
Suppose that on June 5, 1995, you think that the 2-year term TED spread is
too narrow and will widen. To take advantage of this market view, you
might buy $100 million face value of the current on-the-run 2-year
Treasury note, which is the 6-1/8s of 5/31/97, and sell an appropriately
weighted strip of Eurodollar futures.

Just what constitutes an appropriately weighted strip of futures depends,
however, on which version of the TED spread you want to trade. Whatever
your approach to the trade, you want a position whose P/L can be explained
by changes in your measure of the spread. For example, if you want to trade
the Eurodollar strip measure of the spread, you want a position that will
make money when this measure of the spread widens and will lose money
when it narrows. Because the Eurodollar strip measure of the spread is
sensitive to changes in the slope of the yield curve, you want your trade’s
P/L to have the same sensitivity. On the other hand, if you just want to trade
the credit spread, you want a trade construction that is insulated from
changes in the slope of the yield curve.



Hedge Ratios
The appropriate Eurodollar combinations for the unweighted and weighted
measures of the spread are shown in Exhibit 11.8, both for the trade date of
June 5 and one week later (assuming rates unchanged). Consider first the
difference between the unweighted and weighted hedge ratios for June 5. In
both cases, the total number of contracts is either 771 or 772 (depending on
how you round) because the hedges were designed to keep the trade
direction neutral.

EXHIBIT 11.8 
Eurodollar Futures Hedge Ratios for a 
2-Year Term TED 
$100 Million of the 6-1/8s of 5/31/97

The allocation of contracts across contract months, however, is very
different. If you are trading the Eurodollar strip version of the spread, the
interest rate on the Eurodollar leg of the spread is the yield on a zero-
coupon note. Because there is only one cash flow on a zero-coupon note,
the present value of that cash flow depends equally on the futures rates that
make up its term discount factor. As a result, the appropriate hedge for this



version of the spread gives equal weight to each of the contracts. The main
exceptions to this rule stem from differences in the days covered by each of
the contracts. For example, Eurodollar futures periods may include as many
as 98 days or as few as 84 days, and our calculated hedge ratios will reflect
these differences. Also, the last contract in the strip is almost always an
exception because it is being asked to cover only the number of days from
its corresponding value date to the maturity of the note.

If you are trading either of the weighted versions of the spread, then the
hedge is designed to give a weight to each contract that is proportional to
the effect of its rate on the value of the note. Because nearby futures rates
have a greater effect on the price of a coupon bearing note than do more
distant futures rate, we give relatively greater weight to the nearby
contracts.

The two sets of hedge ratios are designed to perform differently because
of the differences in the way the unweighted and weighted TED spreads are
calculated. We know that the Eurodollar strip version of the spread is
sensitive to changes in the slope of the forward rate curve. An equally
weighted strip of Eurodollar futures captures this effect by giving too little
weight to the front contracts and too much weight to the back. As a result, a
flattening of the forward rate curve will decrease the price of the coupon
bearing Treasury note relative to the price of the corresponding zero-
coupon note, which is represented by the Eurodollar strip. The resulting
loss should track the decrease in the Eurodollar strip measure of the TED
spread.

In contrast, if you want to focus only on the value of the credit spread,
you want to sell more of the nearby Eurodollar contracts and fewer of the
more distant contracts. For the trade on June 5, the correct numbers of
contracts are shown in the weighted term TED spread column of Exhibit
11.8. Anyone who trades swaps against Eurodollar futures recognizes this
kind of weighting scheme. When constructed this way, the trade captures
only changes in the credit spread and is largely insulated from changes in
the slope of the yield curve.

What to Do with the Stub
How you handle exposure to the stub rate depends on how you handle the
financing of your note position. In turn, the way you finance your note



position can have an effect on the break-even conditions for a term TED
spread trade.

Overnight Financing
Consider, first, the problem of financing. If you finance your Treasury
position in the overnight RP market, you are exposed to changes in the
value of the stub rate. You can hedge this exposure by adding an
appropriate number of Eurodollar futures to your position in the lead
contract. For our June 5 trade, we would add 16 or 17 contracts to our June
′95 position. Taking this approach introduces some slippage in the P/L of
the trade because the June ′95 contract is a cross-hedge for exposure to the
stub rate. Also, this approach requires you to adjust your hedge by small
amounts each day if you want to avoid any directional exposure in the
trade. As shown in Exhibit 11.8, the number of contracts needed to hedge
against exposure to the stub rate is only 9 contracts 1 week later. To
compensate for this decline, you would have to remove one contract a day
from your hedge.

Or you can choose not to hedge your stub exposure at all. If you take
this route, then you are combining a small financing trade with the TED
spread trade. By not hedging the stub exposure, you are earning a term rate
on the Treasury note and paying overnight financing. You are riding the
yield curve, and the risks and returns to such a trade are well known.

Term Financing
You can instead choose to finance your Treasury note position in the term
RP market to the first Eurodollar futures expiration. If you do, your term
financing hedges your exposure to the stubrate, and you can ignore the 16
or 17 contracts that Exhibit 11.8 indicates as the hedge for the stub rate.

Carry and Convergence
However you choose to finance your position, carry affects the break-even
conditions for a term TED trade. Consider a long position in the 2-year
term TED spread on June 5, 1995. The term RP rate at which one could
have financed a Treasury note position to the expiration of the June ′95
Eurodollar futures contract was about 5.95 percent, which was only 5 basis
points lower than the Eurodollar stub rate of 6.0009 percent. The 2-year



implied Eurodollar term TED spread was trading on June 5 at 15.2 basis
points. As a result, the value of the TED spread for the stub period was
smaller than the value of the term TED spread for the entire life of the note.

The effect of carry and the passing of time on the value of a term TED
spread trade can be determined by reckoning a forward value of the term
TED spread. The first step is to find a forward price for the note. If you
want to remove the influence of the stub period from the trade, the
appropriate forward date will be the value date for the first Eurodollar
futures expiration. This forward price, given the RP rate at which you can
finance the note, is a break-even price. Given the forward price, you can
easily determine the forward yield on the note. The second step is to
calculate the implied Eurodollar price of the note as of the forward date.
From this you would calculate the forward yield implied by Eurodollar
rates. The difference between the two is a forward TED spread and
represents the value to which the spot term TED spread must converge if
the trade is to break even.

On June 5, for example, the spot value of the 2-year term TED spread
was 15.2 basis points. The term RP rate to the first Eurodollar futures
expiration was 5.95 percent. Using this RP rate to find the 2-year note’s
forward price and converting this forward price to a yield, we find that its
forward yield is 5.530 percent. For the same forward date, we find that its
implied Eurodollar yield is 5.684 percent. Thus, the note’s forward term
TED spread is 15.4 basis points, and this is its break-even value. That is, if
you buy the note on June 5, finance it term, and sell an appropriate
combination of Eurodollar futures to hedge the note, the position will just
break even if the TED spread widens 0.2 basis points, from its initial value
of 15.2 basis points to its forward value of 15.4 basis points.

In this instance, the spread has to widen for the trade to break even
because the spread between the Eurodollar stub rate and the term RP rate is
smaller than the full 2-year term TED spread. If the difference between the
stub and term RP rates were larger than the full term TED spread, the
break-even term TED spread would be lower than the spot spread.

Convexity
Because a Treasury note exhibits positive convexity, while Eurodollar
futures exhibit no convexity, you will find yourself having to adjust your
hedges as rates rise and fall. If you are long the term TED spread, this will



work in your favor because a decrease in rates will require you to sell
additional Eurodollar futures while an increase in rates will require you to
buy back some of your short Eurodollar futures. Because you are selling
Eurodollar futures when rates fall and buying Eurodollar futures when rates
rise, you will find yourself systematically selling high and buying low. Just
how much this is worth to you depends on how much convexity the note
exhibits and how much rate volatility the market delivers. (Exhibit 11.12
shows how much we estimated the convexity bias to be worth over the
entire lives of notes with maturities ranging from 2 to 10 years.)

FORWARD TERM TED SPREADS
One can also measure and trade forward term TED spreads. Exhibit 11.9
provides various examples of such spreads for standard Treasury maturities.
For example, the 2 × 5 term TED spread (that is, the 3-year term TED
spread 2 years forward) on June 5 was 44.4 basis points. The value of the 5
× 10 term TED spread (that is, the 5-year term TED 5 years forward) was
117.2 basis points.

EXHIBIT 11.9 
Forward Term TED Spreads 
Implied Eurodollar/Treasury Spreads for June 5, 1995 (in bps)

Forward term TED positions may afford interesting trading
opportunities. The upper panel of Exhibit 11.10 shows, for example, that
over recent weeks, the 2-year term TED spread has been trading somewhat
cheap while the 5-year term TED has been trading at the upper end of its
range. As a result, the 2 × 5 term TED spread, which is shown in the lower
panel of Exhibit 11.10, has become comparatively rich.



EXHIBIT 11.10 
2-Year versus 5-Year Term TED Spreads

Just how one would sell such a position is illustrated in Exhibit 11.11.
There is no active forward market for Treasury notes, but one can construct
synthetic forwards in the cash market. On June 5, for example, one could
have sold $99.155797 million par amount of the on-the-run 5-year note (the
6-1/4s of 5/00) and bought $100 million par amount of the on-the-run 2-
year note (the 6-1/8s of 5/97). Given the full prices of these notes, one
would be long and short equal market values of the two notes. The
appropriate Eurodollar futures hedge for this position would be a long strip
in which the first expiration would be the March ′97 contract. This hedge is
simply the net of the Eurodollar hedges for the two note positions, a short
2-year strip for the 2-year note and a long 5-year strip for the 5-year note.

EXHIBIT 11.11 
Eurodollar Hedge for a 2 × 5 Term TED Spread June 5, 1995



TERM TED SPREADS AND SWAP SPREADS
Term TED spreads are closely related to swap spreads. Swap spreads
measure the spread of swap rates over Treasury note yields, while term
TED spreads capture the difference between Eurodollar futures rates and
Treasury note yields. If swaps were priced right on top of the Eurodollar
curve—that is, if swap rates were equal to those implied by Eurodollar
futures rates—the two spreads would be the same. As it is, swap rates are



slightly lower than those implied by Eurodollar futures rates because of the
value of the convexity difference between Eurodollar futures and interest
rate swaps.2 Because of this convexity bias, the term TED spread is slightly
larger than the swap spread. In particular, if we use the implied
Eurodollar/Treasury form of the term TED spread, we can write the term
TED spread as

2 × 5 Forward Term TED

Term TED spread = Swap spread +Value of the convexity bias

Exhibit 11.12 shows how much the convexity bias can influence the
difference between term TED spreads and conventional swap spreads.
Notice that the influence of the convexity bias increases rapidly with
maturity. On June 5, the value of the convexity bias for a 2-year horizon
was only 1.6 basis points. For a 5-year horizon, though, the convexity bias
was worth 8.3 basis points and for a 10-year horizon was worth 25.6 basis
points.

EXHIBIT 11.12 
Components of the Term TED Spread June 5, 1995



The term TED spread, then, is a composite trade whose value depends
both on the market’s assessment of the swap spread and on the market’s
assessment of the value of the convexity bias. As shown in Exhibit 11.13,
the parts can add up to more or less than the whole. On June 5, for example,
the 5-year swap spread was trading at 27.5 basis points, while our estimate
of the value of the convexity was 8.3 basis points. Taken together, these
two numbers suggest that the term TED spread should have been trading at
35.8 basis points. As it was, the term TED spread was trading at 31.9 basis
points, or 3.9 basis points less than its theoretical value.

EXHIBIT 11.13 
Parsing the 5-Year Term TED Spread Basis Points

A situation like this affords opportunities for traders. Taken together, for
example, the term TED spread market and the swap market think that the
value of the convexity bias is only 4.4 [= 31.9 − 27.5] basis points. At the
same time, the term TED market, given our estimate of the value of the
convexity bias, thinks that swaps should be trading at only 23.6 [= 31.9 −



8.3] basis points. And, of course, the term TED spread appears cheap from
the perspective of the swap market for those who are confident that
convexity is really worth 8.3 basis points. As it was, these apparent
mispricings resolved themselves over the next two weeks, in part because
the term TED spread increased relative to swap rates, and in part because
the estimated value of the convexity bias fell somewhat.



APPENDIX 
Complete Operating Instructions for Calculating Term TED
Spreads and Hedge Ratios

Calculating term TED spreads requires far greater attention to detail than
one might think. Seemingly innocuous simplifying assumptions can affect
the calculated value of the spread by 2 or 3 basis points, and when the
spread is trading between 15 and 20 basis points, such errors can loom
large. At the same time, because calculated values of the spread are so
sensitive to both the assumptions and the data, traders should take care not
to confuse precision with accuracy. Just because one can calculate a spread
to a tenth of a basis point does not mean that one can trade it at that level of
precision.

The purpose of this appendix is to spell out just how we calculate the
various measures of the term TED spread and to show where the various
pitfalls are. In the process, we show how to

• Calculate zero-coupon note prices (discount factors) from spot LIBOR
and Eurodollar futures interest rates

• Handle the integration of cash and futures rates, the reconciliation of
value dates across markets, the problem of date mismatches, and the
issue of nominal versus actual cash flow dates

• Calculate hedge ratios for term TED spread trades

The following operating instructions couch everything in terms of the 2-
year term TED spread for June 5, 1995, when the current on-the-run 2-year
note was the 6-1/8s of 5/31/97. All prices and rates were taken at 3:00 p.m.
New York time.

ZERO-COUPON NOTE PRICES
As shown in the main section of this note, there are several ways to
calculate term TED spreads. All of these methods require one or more zero-
coupon note prices that can be used either to find the yield on a zero-



coupon note or to find the present values of the various cash flows on a
Treasury note. To calculate zero-coupon note prices, we use money market
conventions to find the value to which $1 today would grow if invested at a
sequence of spot LIBOR and Eurodollar futures interest rates. These values
represent terminal wealths. The inverse of terminal wealth is the zero-
coupon note price or discount factor for $1 to be received on a particular
date in the future.

Terminal Wealth
Using the LIBOR deposit market to supply the spot rate and the Eurodollar
futures market to supply forward rates, terminal wealth at time t is
calculated as

where
S is the spot (“stub”) deposit rate from the Treasury value date to the

first Eurodollar futures expiration value date
Fi is the implied forward deposit rate, calculated as 100 minus the

Eurodollar futures price, divided by 100
Di is the number of days associated with the ith spot or forward term

Exhibit 11.A1 shows the terminal wealths and associated discount
factors that we calculated using spot LIBOR and Eurodollar futures rates
for June 5, 1995. For example, the terminal wealth on December 20, 1995,
for $1 invested on June 6, 1995 (our value date) is calculated as

EXHIBIT 11.A1 
Terminal Wealths and Discount Factors June 5, 1995



Zero-Coupon Note Prices and Discount Factors
The price of a zero-coupon note that matures on any given date is simply
the inverse of terminal wealth for that date. And, because the fractional
price of a zero-coupon note is the present value of $1 to be received on the
same date, the zero’s price can be used as a discount factor as well. In this
example, the fractional price on June 5, 1995, of a zero-coupon note that
settles on June 6 and matures on December 20, 1995, was 0.96944 [=
1/1.03152].

Exhibit 11.A1, which is the starting point for all of the work that
follows, provides terminal wealths and discount factors for value dates
ranging from June 6, 1995, through June 18, 1997. This horizon is just long
enough to work with a Treasury note that matures May 31, 1997. The first
value date was chosen to conform to a June 5 trade in the Treasury market.
The remaining value dates fall two days after each of the respective
Eurodollar futures expirations.

FOUR GENERAL PROBLEMS IN CALCULATING TERM TED
SPREADS
Because the term TED spread involves a comparison of two instruments
with different day-count, yield, and settlement conventions, four kinds of
practical problems must be addressed:



• Reconciling differences in value dates between Treasury and LIBOR
markets

• Finding the spot “stub” rate from the value date to the first Eurodollar
futures value date

• Handling date mismatches between cash flows and Eurodollar futures
value dates

• Coping with differences between nominal and actual Treasury cash
flow dates

Value Dates and Stub Rates
The first two general problems can be illustrated with the time line shown
in Exhibit 11.A2. The first problem is that value dates in the Treasury and
LIBOR markets are different. For example, standard settlement in the
Treasury market is next business day in the United States. The standard
value date for the LIBOR market is the second following business day in
London. In our example, if a trade is done on June 5 (a Monday),
settlement for the Treasury note is June 6. Thus, any present values we
calculate should be done as of Tuesday, June 6. The value date for a term
LIBOR deposit, however, is Wednesday, June 7. To reconcile the difference
between the 6th and the 7th, we must use the tomorrow/next (T/N) rate to
fill in the gap between the two dates.

EXHIBIT 11.A2 
Time Line 1: Calculating a Spot Stub Rate



The second problem is to get from June 6 to the value date for the first
Eurodollar futures contract. In our example, the first Eurodollar futures
contract expires on Monday, June 19, 1995. The value date for the 3-month
rate against which this contract is cash settled at expiration is Wednesday,
June 21, 1995. Thus, we need a spot rate (a.k.a. stub rate) from Tuesday,
June 6 to Wednesday, June 21. Given deposit rates of 6.00 percent for
tomorrow/next and 6.00 percent for a two-week deposit, we would
calculate a 15-day spot stub rate of 6.00093 percent as shown in Exhibit
11.A2.

Handling Date Mismatches
The cash one receives on a Treasury note rarely if ever falls exactly on the
value date for a Eurodollar futures contract. As a result, we must have a
way of reckoning discount factors for cash flows that fall between
Eurodollar futures value dates.

Consider, for example, the 6-1/8s of 5/31/97 note, whose next coupon
payment on November 30, 1995, is shown along the time line in Exhibit
11.A3. Our challenge is to find a discount factor for this coupon payment



that allows us to calculate its present value as of the June 6 value date.
Using our stub rate of 6.00093 percent and the June and September
Eurodollar futures rates of 5.86 percent and 5.51 percent, we can calculate
terminal wealths for September 20, 1995, and December 20, 1995, which
are the value dates for the September and December 1995 contracts. As
shown in Exhibit 11.A1, the discount factor for any cash received on
September 20 would be 0.98295 [= 1/1.01735]. The discount factor for any
cash received on December 20 would be 0.96944.

EXHIBIT 11.A3 
Time Line 2: Calculating a Discount Factor for a Particular Cash Flow

What Is the Appropriate Discount Factor for a Treasury Coupon
Received on November 30?

Interpolating between September 20 and December 20 can be done in any
number of ways. In the upper part of Exhibit 11.A4, you can see the results
of linearly interpolating between the terminal wealth values for September
20 and December 20. The result is a terminal wealth that seems higher than
it ought to be and, as a result, a discount factor (the inverse of terminal
wealth) that seems lower than it ought to be.

Much of this problem can be handled by interpolating between the
natural logarithms of the terminal wealth values for September 20 and
December 20. The Ln(terminal wealth) schedule flattens out the curvature
in the exponential terminal wealth curve (all of the curvature if all forward
rates are the same). By interpolating Ln(terminal wealth) values, then, one



gets a somewhat better approximation of what terminal wealth at November
30 would be if it were a stop along the way from September 20 to
December 20. In this case, the resulting terminal wealth value would be
1.02839, which is slightly lower than the 1.02841 one obtains by simply
interpolating between terminal wealths. Also, the corresponding discount
factor is somewhat higher.

Nominal and Actual Treasury Payment Dates
The fourth problem is the actual timing of cash flows in the Treasury
market. Coupon dates and a note’s maturity fall on 6-month anniversaries,
regardless of whether these are business days, weekends, or holidays. So,
for example, the nominal and actual cash flow dates for the 6-1/8s of
5/31/97 would be

The problem is that November 30, 1996, and May 31, 1997, are both
Saturdays. As a result, any coupon or principal amount scheduled for these
dates would be received the following Monday. Standard yield calculations,
however, ignore the effects of cash flows occurring on holidays or
weekends. And, while the difference of a couple of days may not sound like
much, the effect on the credit spread can be large. In our example,
illustrated in Exhibit 11.A5, the effect of shifting the cash flows from
Saturday to Monday changes the note’s yield by about 1.5 basis points.
This looms large against 2-year credit spreads that have recently been under
20 basis points.

EXHIBIT 11.A4 
Interpolating Terminal Wealths



After finding the interpolated natural log of terminal wealth, find the
associated terminal wealth on November 30:

TW11/30 = e0.027993= 1.02839

A more direct approach to this interpolation is:



TW11/30 = 1.0173520/91 × 1.0315271/91= 1.02839
In the examples that follow, we take particular care to point out how we

handle these so-called bad dates (i.e., coupon or principal dates that fall on
non-business days) and the consequences of what we do. Note especially
that we construct one measure of the term TED spread that is affected by
bad dates and two measures that are not. The measure that is affected by
bad dates (the implied Eurodollar/Treasury spread) is designed to suit the
purposes of the swap market, which deals with this problem by changing
the spread at which swap rates are quoted over the on-the-run Treasury rate.

TWO BASIC APPROACHES TO CALCULATING TERM TED
SPREADS
In the main section of this note, we described two fundamentally different
approaches to calculating TED spreads. One approach compared
unweighted Eurodollar strip yields with Treasury note yields. The other
involved weighted Eurodollar strips in which the weights given the various
Eurodollar futures contracts reflect the sensitivity of the price of the
Treasury note to changes in the respective futures rates. Here we list the
steps involved for calculating each of these TED spreads.

Eurodollar Strip Rate versus Treasury Yield (Unweighted)
This measure of the spread is the result of calculating a strip yield from the
spot stub rate and successive Eurodollar futures rates and finding the
difference between this and the yield on the note. Specifically, we compute
a zero-coupon note yield from the Euro-dollar market. This allows us to
translate the Eurodollar money market rates into a semiannual bond
equivalent yield, which is directly comparable to the Treasury note yield.
The steps to find this spread are:

EXHIBIT 11.A5 
Time Line 3: Tracking the Cash Flows on a Treasury Note



1. Calculate the terminal wealth as of the note’s final cash flow date,
which, because of weekends and holidays, may differ from the note’s
maturity date.

2. Set the price of a zero-coupon note equal to the inverse of this terminal
wealth

3. Calculate the semiannual bond equivalent yield of this zero-coupon
note

4. Subtract the Treasury note yield from the zero-coupon yield

This approach is illustrated in Exhibit 11.A6 for the 2-year TED spread. In
this example, the final coupon and principal for the 6-1/8s of 5/31/97
actually fall on June 2, 1997. Given terminal wealths for March 19, 1997,
and June 18, 1997, shown in Exhibit 11.A1, the interpolated value of
terminal wealth for June 2 would be 1.11816. The corresponding fractional
price of the zero-coupon note that matures on June 2 would be 0.89433 [=
1/1.11816]. We then calculate the semiannual bond equivalent yield for this
zero-coupon note assuming that it nominally matures on May 31, 1997.

The reason for pricing the zero-coupon note to the note’s actual maturity
and then calculating its yield as if it matures on the note’s nominal maturity
is that this is what the market does with the note itself. The market prices
the note knowing that the actual cash will be received on a weekday (June 2
in this example) rather than on a weekend. Even so, the note’s yield
typically is calculated using its nominal maturity date. The effect of this
practice is to produce a yield for the note that is somewhat higher than it
really ought to be. By calculating the zero-coupon yield the same way, we
impart nearly the same bias to both yields. The spread, as a result, should
be nearly unbiased.



As shown in Exhibit 11.A6, the zero-coupon note’s yield is 5.711
percent. The note’s yield was 5.543 percent. Thus, this version of the 2-year
term TED spread on June 5, 1995, was 0.168% [= 5.711% − 5.543%], or
16.8 basis points.

EXHIBIT 11.A6 
TED Spread: Eurodollar Strip Rate versus Treasury Yield

Step 1. Calculate terminal wealth on the final cash flow date.

The note matures on May 31, 1997, which is a Saturday. The
final cash flow takes place on June 2, 1997.

Interpolate the two surrounding terminal wealths:

TW02Jun97 = (TW19Mar97)16/91 (TW18Jan97)75/91

TW02Jun97 = (1.10494)16/91 (1.12100)75/91 = 1.11816

Step 2. Calculate a zero-coupon note price using 1/TW.

Step 3. Calculate a semiannual bond equivalent yield.

where

ZCP Zero-coupon price



CP Number of hypothetical “coupon periods” from
settlement to maturity; round fractional amount up
to next whole number

DaysSC Number of days from settlement to next
hypothetical “coupon”

DaysCP Number of days in “coupon period” in which
settlement date falls

For our example,

ZCP = 0.89433
CP = 4

DaysSC = 11/30/95 − 6/6/95 = 177

DaysCP = 11/30/95 − 5/31/95 = 183

Zero-coupon bond equivalent yield = 5.711%

Step 4. Calculate the TED spread.

TED spread =Zero-coupon yield − Note yield

TED spread = 5.711% − 5.543% = 16.8 bp

Implied Eurodollar Yield versus Treasury Yield (Weighted)
One approach to measuring the weighted spread between Euro-dollars and
Treasuries begins by asking what the Treasury note’s price and yield would
be if it had been issued instead by a bank with LIBOR quality credit. This
is done by finding the present value of the Treasury note using discount
factors calculated from spot LIBOR and Eurodollar futures rates. The
resulting present value is the implied full price of what can be thought of as
a Eurodollar-credit-quality bond. This full price, reduced by accrued
interest on the note, is then converted to a yield that can be compared with
the yield on the Treasury note. The steps in this approach, which are shown
in Exhibit 11.A7 for our 2-year TED spread, are:

 



1. Calculate the nominal dates (rather than the actual dates) and dollar
amounts of the Treasury note’s cash flows.

2. Calculate discount factors for each of these cash flows using
(interpolated) terminal wealths.

3. Find the present value (i.e., the full price) of the note’s cash flows
using these discount factors.

4. From this present value, subtract accrued interest on the note to
produce the note’s hypothetical clean price.

5. Plug this clean price into a standard yield calculator to find the yield
on the note. This yield value is the note’s “implied Eurodollar yield.”

6. Subtract the Treasury note’s actual yield from its implied Eurodollar
yield.

 

In our example, the present value of the 6-1/8s of 5/97 when reckoned
using discount factors calculated from Eurodollar rates is 100.895, which is
less than the note’s market full price of 101.1785. Subtracting 0.100 to
adjust for accrued interest on the note, we find the note’s implied
Eurodollar clean price is 100.795, which gives us a yield of 5.695 percent.

The value of the term TED spread would be 0.152% [= 5.695% −
5.543%], or 15.2 basis points.

This approach can have a curious effect on the computed value of the
spread if the Treasury note has any bad dates, which are coupon or
principal payment dates that are scheduled to fall on weekends or holidays.
The note itself is priced by a market that knows full well that the cash will
actually be paid out on the first business day following a bad date. The
effect of delaying these cash flows is to lower the note’s market price. And,
because the note’s yield is calculated using its nominal maturity date, the
effect of lowering its price is to increase its apparent yield. Both the present
value and the yield of the hypothetical note, however, are calculated using
the note’s nominal (as opposed to actual) payment dates. The result is a
more or less unbiased reckoning of what the note would yield if issued by a
LIBOR quality bank.

EXHIBIT 11.A7 
TED Spread: Implied Eurodollar Yield versus Treasury Yield



Step 1. List note cash flows.

Step 2. Find corresponding terminal wealths.

Step 3. Find implied Eurodollar full price of note.

Step 4. Subtract accrued interest from implied Eurodollar full price.

Clean price =Full price − Accrued interest
Clean price = 100.895 − 0.100 = 100.795

Step 5. Calculate the implied Eurodollar yield. Use 5/31/97 as the
maturity date.

Implied Eurodollar yield = 5.695%

Step 6. Calculate the TED spread.

TED spread =Implied Eurodollar yield − Treasury market
yield
TED spread = 5.695% − 5.543% = 15.2 bp

When taken together, the spread between the unbiased implied
Eurodollar yield and the upward biased yield on the Treasury note is
smaller than it would be without the bad dates. This smaller spread is
consistent with the way the swap market works around bad dates on
Treasury issues.

Fixed Spread to Eurodollars (Weighted)



A second approach to calculating a weighted term TED spread is to find the
amount by which spot LIBOR and Eurodollar futures rates must be
adjusted to produce appropriate Treasury spot and forward rates. As the
above example shows, if you use Eurodollar rates to calculate the present
value of a Treasury note, the resulting value is lower than the full market
price of the note because the discount rates are too high to suit a Treasury
credit. This can be corrected by reducing each of the spot and futures rates
by an appropriate number of basis points:

In this method, we solve for the value, s, that sets the present value of
the cash flows equal to the note’s actual full market price. The steps in
finding this spread are:

1. Calculate the date and size of the Treasury note’s cash flows, looking
out for odd first coupon dates and taking care to place cash flows on
business days.

2. Calculate discount factors for each of these cash flows.
3. Calculate the present value of the note using these discount factors and

compare with the note’s current full market price.
4. If the present value is not equal to the note’s full market price, find

(through an optimized trial and error procedure) the single fixed
number of basis points that must be subtracted from each of the
Eurodollar rates to produce a present value of the note that equals its
full market price.

The resulting adjustment to spot LIBOR and Eurodollar futures rates is a
measure of the weighted term TED spread.



In this example, as shown in Exhibit 11.A8, we find that we have to
subtract 16.3 basis points from each of the spot and Euro-dollar futures
rates that go into calculating the discount factors for the note’s cash flows.
This measure of the value of the term TED spread, unlike the spreads
calculated using the other methods, is quoted in annual money market basis
points rather than bond equivalent basis points. Bad dates and the slope of
the yield curve have no affect on this measure of the spread. It is, as a
result, perhaps the cleanest measure of the pure credit spread.

EXHIBIT 11.A8 
TED Spread: Fixed Spread to Eurodollar Rates

Two-year note market data

Adjusting the spot rate and each Eurodollar futures rate in Exhibit 11.A1
by 16.3 basis points gives the following terminal wealths and discounted
cash flows:

With the 16.3 basis point credit spread, the calculated full price of the
note is equal to its market full price.



FORWARD TERM TED SPREADS
One can also calculate and trade forward term TED spreads. And, if there
were an active forward market for term Treasury notes—say, a market for
3-year notes 2 years forward—one could calculate term TED spreads in any
of the three ways described above.

In practice, if one wants to trade a forward Treasury position against
anything, one has to create the forward position using spot notes. For
example, a long position in a 3-year note 2 years forward can be
constructed more or less well by buying a 5-year note and financing the
purchase by selling an equal market value amount of a 2-year note. Because
the coupons of the available notes are apt to differ, the construction of the
forward note is unlikely to be perfect, but the approximation should be
fairly good.

If we approach the problem of measuring and trading forward term TED
spreads from this practical trading standpoint, the simplest way to measure
the spread entails these steps for a 3-year note 2 years forward:

1. Establish long and short positions of equal full market value in a 5-
year Treasury note and a 2-year Treasury note. This position is self
financing and its net present value is zero.

2. Determine the positive and negative cash flows associated with this
position. Place cash flows on business days.

3. Find the single internal rate of return that sets the net present value of
this position (long the 5-year note, short the 2-year note) equal to
zero. This is the approximate yield on the 3-year note 2 years forward.

4. Calculate the present value of the same position using discount factors
derived from spot LIBOR and Eurodollar futures rates. Because these
rates are higher than Treasury rates, the resulting note prices will be
lower. And, because you are long the 5-year note and short the 2-year
note, the net present value of the position will now be negative.

5. Find the single internal rate of return that sets the net present value of
your position equal to the negative value calculated in the previous
step.

6. The difference between this rate and the rate calculated in step 3 is a
semiannual bond equivalent measure of the forward term TED spread.



Consider how this works using the on-the-run 2-year and 5-year
Treasury notes on June 5, 1995, as shown in Exhibit 11.A9.

EXHIBIT 11.A9 
Forward Term TED Spread

Settlement June 6, 1995

Step 1. Establish long and short positions of equal market value.

Use $0.99156 par amount of the 5-year note for every $1 par
amount of the 2-year note.

Step 2. Determine cash flow dates and amounts, placing flows on
business days.

Step 3. Find the IRR of the cash flows, setting the net present value = 0.
Step 4. Discount the cash flows by terminal wealths, finding the new

net present value.
Step 5. Find the IRR of Step 4’s cash flows, setting the net present

value = Step 4’s present value. (See table below.)
Step 6. Find the forward term TED by taking the difference of the two

IRR values.

6.442% − 5.998% = 0.444% or 44.4 basis points



On that day, the 6-1/8s of 5/31/97 were trading at a net price of 101-
2+/32nds (101.078125) and a full price including accrued interest of
101.1785. The 6-1/4s of 5/31/00 were trading at a net price of 101-
30/32nds (101.9375) and a full price of 102.0400. At these prices, one
could establish a short position of $100 million par amount in the 2-year
note (the 6-1/8s) against a long position of $99,155,797 [= $100 million ×
(101.1785/102.0400)] par amount in the 5-year note (the 6-1/4s).
Altogether, one would be long and short $101,178,535 market value of the
respective notes so that the net value of the position would be zero.

Given the cash flows associated with this position—positive for the 5-
year note, negative for the 2-year note—the internal rate of return that sets
the net present value of the position equal to zero is 5.998 percent.

We next calculate the net present value of the position using discount
factors derived from the spot LIBOR and Eurodollar futures rates. Given
the market rates on June 5, the net present value of the position would be −
$1,046,967. If we then solve for the single internal rate of return that sets
the net present value of the position equal to this negative number, we get
6.442 percent.

Our estimate of the 2 × 5 forward term TED spread is then 0.444 percent
[= 6.442 percent − 5.998 percent] percent or 44.4 basis points. These
calculations are done so that the spread is unaffected by bad dates in the
Treasury issue.

CALCULATING HEDGE RATIOS
The objective in calculating hedge ratios is to construct trades whose profit
or loss can be explained by the change in the term TED spread. To trade the



spread between the unweighted Eurodollar strip yield and the Treasury
yield, for example, one needs a Eurodollar futures position that gives
roughly equal weight to each of the contracts in the strip. In contrast, to
trade either of the weighted measures of the term TED spread, one needs a
Eurodollar position that gives greater weight to nearby contracts than to
more distant contracts.

The basic approach to finding how many of any given Eurodollar futures
contract you need to include in your term TED spread trade is always the
same. Hold your measure of the term TED spread constant and increase the
relevant Eurodollar futures rate 1 basis point. Determine how much this
reduces the total market value of your Treasury note position and divide
this reduction by $25. The ratio is the number of that particular futures
contract you need. Repeat for each of the relevant futures rates (as well as
for the stub rate) until you have answers for all of the contracts.

Hedge Ratios for Unweighted Strip Spreads
In our example, the Eurodollar strip version of the 2-year term TED spread
is 16.8 basis points. To find the number of Eurodollar futures contracts
needed to hedge against a change in the stub rate, we

1. Increase the stub rate 1 basis point and recalculate the terminal wealth
for the actual maturity of the note (Monday, June 2, 1997, in this
example).

2. Invert this terminal wealth to find the new price of a zero-coupon note
that matures on the same date as the Treasury note.

3. From this price, calculate the new—and higher—yield on the zero-
coupon note.

4. From this yield, subtract 16.8 basis points to find what the new—and
higher—yield on the note would have to be to keep the TED spread
constant.

5. At this higher yield, find the new—and lower—price of the Treasury
note.

6. Calculate the change in the full market value of the note position.
7. Divide this change by $25 to find the number of Eurodollar contracts

needed.



Repeat this process for each of the Eurodollar futures rates. The resulting
hedge ratios will be those shown in the second column of Exhibit 11.A10.

For example, to determine the number of Eurodollar contracts needed to
hedge against changes in the stub rate, we begin by increasing the stub rate
one basis point from 6.00093 percent to 6.01093 percent. The terminal
wealth on June 2, 1997, increases from 1.118163 to 1.118167. The zero-
coupon price is 0.89432 and the associated zero-coupon yield, given the
actual note maturity of May 31, 1997, is 5.710720. Subtracting the TED
spread of 16.76513 basis points gives us a new yield on the Treasury note
of 5.5430687. This yield translates into a Treasury note price of
101.077723. The difference between this value and the original clean price
of 101-2+ is $402 per $100 million par amount. Dividing $402 by $25
gives 16.1, the number of Eurodollar contracts needed to hedge the stub
rate.

EXHIBIT 11.A10 
Hedge Ratios for TED Spread Trades 
$100 Million of the 6-1/8s of 5/31/97 
Trade June 5, 1995, Settle June 6, 1995

Hedge Ratios for Weighted Eurodollar Strip Hedges



If you are trading the implied Eurodollar/Treasury version of the TED
spread, the steps for hedging are similar to those above. The main
differences are in Steps 1–3. For example, for our 2-year note, the implied
Eurodollar TED spread is 15.2 basis points. To find the number of
Eurodollar futures needed to hedge against a change in the stub rate:

1. Increase the stub rate 1 basis point and recalculate terminal wealths for
the nominal cash flow dates of the note (in this case, 11/30/95,
5/31/96, 11/30/96, and 5/31/97).

2. Place the note’s cash flows on the nominal payment dates and calculate
the present value of the cash flows. This value is the full price of the
note discounted at Eurodollar rates.

3. Subtract accrued interest from this full price, then calculate the new
implied Eurodollar yield.

4. From this implied Eurodollar yield, subtract 15.2 basis points (the
TED spread) to find the new yield on the Treasury note. This ensures
that the TED spread remains constant.

5. Using the Treasury note’s new yield, calculate its new clean price.
6. Find the change in the clean price of the note from the market clean

price.
7. Divide this change by $25 to find the number of Eurodollar contracts

needed to hedge.

If you are trading the fixed spread against Eurodollar rates, there are
fewer steps because there is no need to calculate a new Treasury note yield.
Instead, when you increase any one of the Eurodollar rates one basis point,
you get the new full market price of the note directly. Thus, to calculate a
hedge ratio for the stub:

1. First find the spread, s, that correctly prices the Treasury note’s cash
flows (see Exhibit 11.A11, top equation).

2. Add one basis point to the stub rate and calculate the new present
value of the note (see Exhibit 11.A11, lower equation).

3. Calculate the change in the present value of the note (i.e., the DV01,
which will be a negative number in this case).

4. Divide this change by $25 to find the number of Eurodollar futures
needed in the hedge.



Notice that because the spot and nearby futures rates affect the present
values of all of the note’s cash flows, while the more distant futures rates
affect only the present values of later cash flows, this approach will
produce hedges that contain more nearby futures than distant futures. The
uneven weighting reflects the greater sensitivity of a coupon bearing note to
changes in nearby forward rates than to changes in distant forward rates.

EXHIBIT 11.A11 
Hedge Ratios: Fixed Spread against Eurodollar Rates

The two sets of hedge ratios for weighted versions of the TED spread
are shown in the third and fourth columns of Exhibit 11.A10. Because the
procedures for finding the two are different, the hedge ratios are different as
well. But the differences are so slight that there is no need to calculate both
sets of weighted hedges. In practice, we distinguish only between weighted
and unweighted hedge ratios when constructing term TED spread trades.

All three hedges contain nearly the same total number of contracts
because all three sets of hedges were constructed with an eye to making the
position direction neutral. The only thing that should affect the net value of
any of the positions is a change in the relevant measure of the term TED
spread.

An important consequence of constructing the hedges this way, however,
is that the unweighted version of the spread trade contains fewer of the
nearby contracts and more of the distant contracts. By comparing the two, it
is easy to see how a change in the slope of the yield or forward rate curve
will affect the unweighted version of the trade. A steepening of the forward
rate curve tends to reduce the value of the Eurodollar strip version of the



TED spread relative to either of the weighted versions of the spread. This is
because a steepening of the curve tends to reduce the value of a coupon-
bearing note relative to the price of a zero-coupon note. This effect is
captured by the smaller weight given the nearby contracts.

Hedges for Forward Term TED Spreads
The hedge for a forward term TED position is, for all practical purposes,
the same as the net hedge for a long position in one note and a short
position in the other. For example, the Eurodollar futures hedge for a long
position in a 5-year note would be a short, weighted 5-year strip of
Eurodollar futures. The hedge for a short position in a 2-year note would be
a long, weighted 2-year strip of Eurodollar futures. Except for small
differences in coupons and prices, the long 2-year strip will largely offset
the first 2 years of the short 5-year strip. The resulting net hedge will be a
short, weighted 3-year Eurodollar futures strip, 2 years forward. See
Exhibit 11.11 in the main body of the note for an example of a hedge for
selling the forward term TED spread.



CHAPTER 12 
TED Spreads: An Update

Chapter 11 reproduces the research note:
• Measuring and Trading Term TED Spreads (1995)

Since this note was written, we have tracked the values of 1-year, 2-year,
and 5-year TED spreads. We report time series of these spreads in Carr
Futures “Daily Zero to Ten” report, shown earlier on page four of Exhibit
10.1.

We also developed a special report, “TED Spreads,” that provides two
key insights into the structure of TED spreads:

• Term structure of TED spreads
• Comparison of forward and spot values of the TED spread

We have reproduced a copy of the “TED Spreads” report in Exhibits 12.1
and 12.2 as of the close on September 10, 2002. Exhibit 12.1 shows the
values of TED spreads for original issue 2-year Treasury notes, which are
listed in order of increasing time to maturity. You can see in this report, for
example, that the TED spread for the 2-1/8s of 8/31/04 was 37.51 basis
points (measured in quarterly money market basis points). In contrast, the
3-5/8s of 8/31/03, which were one year closer to maturity, traded at a
spread of 21.13 basis points. This gives insight into the term structure of the
TED spread.

EXHIBIT 12.1 
2-Year Note TED Spreads 
Plus Forward TEDs to September 18, 2002 
September 10, 2002



Early on in our work with traders, we learned about the importance of
reckoning the forward values of TED spreads so that we could understand
why trades made or lost money. The structure of the report shown in
Exhibit 12.2 stems from the insight that forward values are break-even
values. In this example, we calculated the forward prices of all the notes
shown in the table as of December 18, 2002, using a term repo rate of 1.68
percent. Using these forward prices for the notes plus the Eurodollar futures
rates beginning with the Dec ′02 contract, we calculated forward starting
TEDs for all of the issues.

EXHIBIT 12.2 
TED Spreads 
Plus Forward TEDs to December 18, 2002 
September 10, 2002



These forward-starting TEDs can be used in various ways. For example,
they represent the spread values at which a trade initiated on September 10,
2002, would break even if the Treasury leg of the trade were financed at the
term repo rate shown in the report.



They can also be used to assess possible convergence trades. For
example, the December 18 forward-starting TED for the 2-1/8s of 8/31/04
was 41.48 basis points assuming a term repo rate of 1.68 percent. The spot
TED spread for the 3-1/4s of 5/31/04 was 33.22 basis points. If one reasons
that the 2-1/8s in December will have the same remaining time to maturity
that the 3-1/4s had on September 10 and if one assumes that the term
structure of spot TED spreads will remain unchanged, then one could sell
the forward TED spread of the 2-1/8s and look for 8.26 [= 41.48 − 33.22]
basis points of convergence. And the trader knows that the spot TED spread
of a Treasury note that has 1-3/4s years to maturity can widen 8.26 basis
points and still break even.

The forward spread calculations are sensitive to the term repo
assumption. The lower is the term repo rate, the lower is the forward price
of the note and the higher is its forward yield. If a note is on special in the
term repo market at a rate lower than the general collateral rates shown in
the report, the forward TED for that note would be smaller than the value
shown. To adjust for this, the report shows how sensitive each forward TED
spread is to changes in the assumed term repo rate. For example, reducing
the term repo rate for the 2-1/8s by 10 basis points would decrease the
forward starting TED by 1.6 [= −10 × 0.16] basis points.



CHAPTER 13 
Hedging and Trading with Eurodollar Stacks, Packs, and
Bundles

Galen Burghardt, George Panos, and Fred Sturm 
Research note originally released December 15, 1999

SYNOPSIS
Eurodollar futures are the financial building blocks of the dollar interest
rate market. With 40 quarterly contract expirations, the Eurodollar futures
contract complex is a financial engineer’s dream. One can create or offset
exposure to forward interest rates in 3-month segments out to a horizon of
10 years.

In practice, though, the flexibility afforded by individual contract
expirations comes at a cost that is not always warranted. In many cases,
traders and hedgers find it better to put all their eggs in one basket and use a
single contract month (a stack). Or they may prefer to buy or sell packages
of Eurodollar futures that the CME calls packs or bundles. A pack
represents a sequence of 4 consecutive expiration dates that can be bought
or sold simultaneously. A bundle is similar to a pack but spans 2 or more
years’ worth of contract expirations.

Perhaps 15 percent or so of all trading in the first year’s expirations (that
is, the white contracts) is done in the form of packs. Roughly half or more
of all trading in expirations from 6 to 10 years (that is, the purple through
copper years) is done in the form of packs or bundles. This suggests quite
plausibly that the flexibility afforded by quarterly contract expirations is
more important in the front months than in the more distant back months.

Three Objectives
We do three things in this note. The first is to provide a basic guide to the
language and quote conventions of packs and bundles—the color coding of
contracts and the way packs and bundles are bid and offered. The second is
to take a look at the way pack and bundle hedges for Treasury notes
perform. The third is to tackle the question of how a TED spread trade



behaves when the trader introduces yield curve exposure by using a stack,
pack, or bundle hedge in place of a hedge that is engineered to eliminate
forward rate exposure.

How Good Are Stack, Pack, and Bundle Hedges?
Under normal circumstances, Eurodollar packs can do a very good job of
capturing changes in the value of Treasury notes. The best pack hedges can
provide correlations with daily changes in the prices of key Treasury notes
that exceed 95 percent (see Exhibit 13.1). And, as we show later, you can
get similar results with stacks and bundles. We also show how to scale a
stack, pack, or bundle hedge to get a minimum variance hedge.

EXHIBIT 13.1 
Treasury Note Correlations with ED Packs Daily Price Changes, June 1994
to June 1999

Curve-Augmented TED Spreads?
The decorrelation that accompanies a change in the slope or shape of the
forward rate curve is a nuisance for hedgers but can be an opportunity for



traders. For example, by hedging a Treasury note with a stack, pack, or
bundle of Eurodollar futures, the trader can augment a standard TED spread
with a yield curve trade. And because so many traders do just this, we take
some time at the end of this note to tackle the problem of how one should
measure the performance of a “curve TED” and to provide some evidence
on how various curve spreads have behaved.

HEDGING AND TRADING WITH EURODOLLAR STACKS,
PACKS, AND BUNDLES
Exhibit 13.2 shows five different Eurodollar hedges for the 5-1/2s of July
31, 2001, which was the on-the-run 2-year Treasury note on August 4,
1999. All five hedges have roughly the same number of Eurodollar
contracts (net of whatever is needed to hedge the stub), but differ from one
another in two key respects—ease of execution and yield curve exposure.

EXHIBIT 13.2 
Eurodollar Hedges for a 2-Year Note 
5-1/2s of 7/31/01 as of August 4, 1999

The engineered hedge is the most difficult to execute but is the
combination of Eurodollar futures that is designed to capture as completely



as possible the forward rate exposure in the 2-year note. A trader who buys
$100 million of the note and sells this combination of Eurodollar futures
will be long the term TED spread as conventionally defined. This position
will profit from increases in the credit spread between the LIBOR and
Treasury markets and will be almost completely unaffected by changes in
the slope or curvature of the forward rate curve.

The stack, pack, and bundle hedges, in contrast, provide ease and
economy of execution. Instead of the eight separate transactions required to
put on the weighted hedge, the stack hedge requires only one transaction
(the sale of 717 “red Seps”) as does the bundle hedge (the sale of 90 “2-
year bundles”). The hedge can be done with the sale of 179 of a single pack
such as “red Sep.” Or one could hedge with tandem packs with only two
transactions (i.e., the sale of 99 “white packs” and the sale of 80 “red
packs”). The drawback of these simpler hedges is a reduction in the quality
of the hedge. Put differently, these simpler hedges inject curve exposure
into the position, which will be an advantage to some hedgers and traders
and a drawback to others.

BASICS: DATES, NAMES, PACKS, BUNDLES, AND QUOTES
On any given day, the Chicago Mercantile Exchange lists 40 Eurodollar
futures contract expirations in the March/June/September/December
quarterly cycle. As Exhibit 13.3 shows, these 40 quarterly contracts, each
of which is tied to its own value of 3-month LIBOR, span 10 years of the
forward rate curve.

EXHIBIT 13.3 
Eurodollar Futures Contract Rates Closing Levels, August 4, 1999



Contract Colors
Keeping track of 40 contracts in terms of expiration year and month is
potentially very cumbersome. To simplify matters, at least for people who
trade these contracts for a living, the CME defines expiration years in terms
of a color-coded grid, with 4 contract expirations per color. On any trading
day the first 4 quarterly contracts (the lead contract and the next 3 contracts
that expire thereafter) are collectively dubbed the white year, or the whites.
The next 4 quarterly expirations beyond the whites are called the reds. The
4 quarterly expirations beyond the reds are called the greens, and so on. As
we move out to more distant expirations, the coding system vaguely
resembles a 1965-vintage color TV. Exhibit 13.4 illustrates the complete
color-coded grid, using contract expirations available on August 4, 1999.
Note that the grid is dictated purely by the order in which futures contracts
expire, not the calendar years in which they expire. Indeed, in only one
quarter out of every four—the interval between mid-December and mid-
March—will color-coded expiration years coincide with calendar years.

EXHIBIT 13.4 
Contracts by Color August 4, 1999



For generic purposes, we can reference a Eurodollar contract by color
code of expiration year and contract position within expiration year, e.g.,
first red, or third green. That is the convention we will follow in the
remainder of this note. Market transactors, however, typically name the
contracts by color code of expiration year and month of expiration.

EXAMPLE

On August 4, 1999, we refer to the second blue contract as “blue Dec.”
If we are also transacting in the first red contract, we refer to it as “red
Sep.” The 4 contracts in the white year are generally referenced by only
their month of expiration. Thus, if we are dealing in “March” on August
4, 1999, we are understood to be trading the third white contract.

Packs and Bundles
Frequently market practitioners wish to buy or sell entire sequences of
Eurodollar futures contracts at once rather than transacting one contract
expiration at a time. To accommodate such participants, the CME has
introduced a variety of bulk transaction mechanisms, in the form of packs



and bundles, that permit the simultaneous purchase or sale of equally
weighted consecutive sequences of Eurodollar contracts.

Thus, a pack is a sequence of 4 futures contracts with consecutive
expiration dates that can be bought or sold simultaneously. Market
practitioners reference a pack by the member contract that expires soonest.
On any given trading day, there are 37 packs available, ranging from first
white out to first copper, and spanning all possible starting points in
between.

EXAMPLE

On August 4, 1999, the red March pack comprises one each of the
contracts expiring in March, June, September, and December of 2001
(i.e., red March, red June, green Sep, and green Dec). The gold Dec pack
consists of one each of the contracts expiring in December 2003 and
March, June, and September of 2004.

Any pack that is named simply by color code, without an expiration
month, refers to the sequence of 4 contracts within the corresponding
expiration year.

EXAMPLE

A broker who quotes a market in “the purple pack” is implicitly
referring to the sequence of 4 contracts within the purple expiration year.
On August 4, 1999, that comprises the contracts expiring between
September 2004 and June 2005, making it identical in this case to the
purple Sep pack.

A bundle is mechanically similar to a pack, the chief difference being
that the bundle spans 2 or more years’ worth of Eurodollar contract
expirations, whereas the pack spans only 1 year’s worth. With a 5-year
bundle, for example, a market participant can buy or sell one each of 20
consecutive Eurodollar futures contracts simultaneously (i.e., 5 years times
4 contract expirations per year). Market practitioners reference a bundle by



(1) the member contract that expires first and (2) the length of the bundle in
years. Exhibit 13.5 summarizes the types of bundles currently available.

EXHIBIT 13.5 
The Menu of Eurodollar Bundles

EXAMPLE

On August 4, 1999, the red June 2-year bundle comprises 1 each of the 8
contracts that expire in June, September, and December of 2001, March
through December of 2002, and March 2003. The green Sep 7-year
bundle contains one each of the 28 contracts found in the 7 expiration
years from green out to silver (i.e., all contracts from first green through
fourth silver). The 10-year bundle—there can be only one—represents
the sale or purchase of one each of the 40 quarterly Eurodollar contracts.

Any bundle that is named simply by year-length, without reference to
any particular expiration month, is understood to refer to the lead (first
white) bundle.

EXAMPLE

On August 4, 1999, a trader dealing in the “2-year bundle” is understood
to have an interest in the bundle that comprises 1 each of the first 8
futures expirations, i.e., September 1999 through June 2001.



There are 122 possible bundles listed for trading on any given day.1 In
practice, the more liquid of these are, with the exception of the 10-year,
bundles within 5 years. At this writing, however, liquidity tends to be
concentrated in just seven bundle configurations. Six of these are the lead
(first white) versions of the basic bundle types listed in Exhibit 13.5. The
seventh is the first purple 5-year bundle. Market practitioners call this
bundle “L5” because it encompasses the last 5 years’ worth of contract
expirations (first purple through fourth copper).

Note that market practitioners also are in the habit of referring to the
pack that contains the first 4 contracts as the “1-year bundle,” not as the
“white pack.” Early in the history of the pack/bundle trading facility, this
distinction was meaningful. Today, however, it is purely an artifact of
terminology. Thus, for convenience and consistency, we will call it the
white pack throughout this note.

QUOTE PRACTICES 1: TICKS
The concept of tick is fundamental to understanding how markets are
quoted in Eurodollar futures. One tick represents a move of 0.01 on a price
base of 100.00. In interest rate (i.e., LIBOR) terms this corresponds to one
basis point. A one tick move on a Eurodollar contract is always worth $25,
regardless of the contract’s expiration date.

EXAMPLE

If a Eurodollar futures contract price moves from 93.20 to 93.25, it has
rallied 5 ticks. The corresponding contract rate (in LIBOR terms) has
declined 5 basis points, from 6.80 percent per year to 6.75 percent. If we
own 100 of this contract, then we will collect a variation margin
adjustment of $12,500 [= $25/tick × 5 ticks/contract × 100 contracts].
Conversely, if we have a short position in the same 100 contracts, then
we must pay $12,500 in variation margin adjustment.

The value of a 1-tick move for a pack or a bundle is simply $25 times
the number of contracts in the pack or bundle.

EXAMPLE



If we have a short position in 100 4-year bundles (any 4-year bundle)
that has risen in price from 93.18 to 93.195, then we are liable for a
variation margin payment of $60,000 [= $25/tick × 1.5 ticks/contract ×
16 Eurodollar contracts/bundle × 100 bundles].

QUOTE PRACTICES 2: USE PRICE LEVEL FOR INDIVIDUAL
CONTRACTS
Individual Eurodollar contracts are traded in terms of price, with the tick as
the basic unit of measure.

EXAMPLE

On the afternoon of August 4, 1999, market players bid the Dec ′99
contract at a price of 94.06 and offer it at 94.07. Traders and brokers will
quote this as a “six-seven” market. If the market tightens to 94.06 bid
versus 94.065 offered, they will quote it as “six-six-and-a-half” or “six
to the half.”

Though the tick is the basic unit of measure, it is not the smallest unit.
On most days all Eurodollar contracts trade in half ticks. The sole exception
is the lead contract, which is permitted to trade in quarter ticks during the 4-
week interval immediately preceding its expiration. (To be more precise,
the lead contract trades in quarter ticks during the interval starting with the
Monday before the third Wednesday of the previous month, i.e., the
expiration day of the previous month’s serial futures contract, and ending
with the contract’s own expiration. Though this interval typically spans 4
weeks, the vagaries of the calendar sometimes stretch it to 5.)

QUOTE PRACTICES 3: USE PRICE CHANGES FOR PACKS AND
BUNDLES
The daily settlement prices that are established at 2:00 p.m. Chicago time
play a pivotal role in how packs and bundles are quoted, for two reasons.
First, it is at this point in the trading day that actual price levels are set for



all packs and bundles. The price of each pack or bundle is simply the
arithmetic average of the prices of its member contracts.

EXAMPLE

On August 4, 1999, the CME records the following closing price levels:

To determine the closing price level of the red pack, CME officials
compute the arithmetic average of the closing prices on these 4
individual contracts, which is 93.33125.

Second, and more important, is that over the ensuing 24 hours the
market price of any pack or bundle will be quoted in terms of tick change
versus the previous day’s 2:00 p.m. Chicago time settlement level. (It is
useful to recall here that the Eurodollar futures market trades more or less
continuously—by open outcry during regular trading hours [7:20 a.m. to
2:00 p.m. Chicago time], and on GLOBEX nearly continuously [4:30 p.m.
to 4:00 p.m. next day, Chicago time].)

As with Eurodollar futures contracts, packs and bundles trade in smaller
increments than one tick. However, the finest permissible price move for
any pack or bundle is a quarter tick versus the half tick minimum move that
applies to individual contracts.

EXAMPLE

It is early on August 5, 1999, and mid-market prices for contracts in the
red pack are as follows—



The average price change across these 4 contracts is a gain of +2.125
ticks. That is where market participants will be inclined to price the red
pack. However, they will be unable to quote it as “up two and an eighth”
because the pack is constrained to move in price increments of a quarter
tick or more. Thus, they will have to quote it as “up two,” or as “up two
and a quarter,” or as a bid/offer spread, e.g., “up two to the quarter.”

UNPACKING PACKS, UNBUNDLING BUNDLES
A pack or bundle exists only up to the point that it has been transacted. It
does not show up as a package on the books of its buyer and seller. Rather,
the Eurodollar contracts in the package are booked individually, at
transaction prices that are consistent with the average price at which the
pack or bundle changed hands. For this reason, anyone who employs these
bulk transaction mechanisms should have a clear understanding of how
their prices get translated into individual contract prices.

Once a buyer and a seller have agreed upon the price of a pack or a
bundle, they must assign mutually acceptable prices to each of the contracts
in the package. In principle, the transactors may set these component prices
arbitrarily, subject to two restrictions.

The first and more obvious one is that the average price change among
the contracts (versus their previous 2:00 p.m. CT closing levels) must equal
the price change at which the pack or bundle has been priced.

Second, the price of at least one Eurodollar contract must lie within that
contract’s trading range for the day (assuming that at least one of the
Eurodollar contracts in the pack or bundle has established a trading range).
This rule ensures that the prices of bulk transaction devices remain tethered
to the price action of the underlying individual Eurodollar contracts.



EXAMPLE

Suppose we have sold the 2-year bundle (i.e., 1 each of the 8 contracts in
the white and red expiration years) to a buyer at the price of +5 ticks. In
principle, we can agree with the buyer to unbundle this average price
change as +10 ticks on each of the 4 white contracts and zero price
change for each of the 4 red contracts (assuming of course that such
pricing fulfills the trading-range constraint mentioned above).
Alternatively—again, in principle—we can agree with the buyer to
exchange each of these 8 contracts at a price change of +5 ticks.

Rarely in practice do market participants spend time dickering over how
to price the individual members of the packs or bundles that they have
traded among each other. The objective in using these devices, after all, is
to save time. Instead, they almost always rely on a computerized system
furnished by the CME that automatically assigns individual prices to the
contracts in any pack or bundle.

The algorithm employed by the CME’s pricing system is guided by the
following principle: To the extent that adjustments are necessary to bring
the average price of the pack’s or bundle’s components into conformity
with the bundle’s own price, these price adjustments should begin with the
most deferred contract in the bundle and should work forward to the nearest
contract.

EXAMPLE

Suppose that a buyer and a seller who are transacting in the 3-year
bundle have agreed upon a net price change of −2.75 ticks versus the
previous day’s settlement level. The CME algorithm distributes this
price change among the bundle’s 12 member contracts in two steps,
dealing first with the integer portion of the −2.75 tick trade price (the
“2”), and then with the fractional portion (the “0.75”). Specifically, the
algorithm begins by assigning to each of the 12 contracts in the bundle a
net price change of −2 ticks from the previous day’s close. Then it
adjusts these price changes downward, proceeding one contract at a time



—beginning with the bundle’s most deferred contract and working
forward—until the average net price change for the bundle is the agreed-
upon −2.75 ticks. Following this procedure results in the bundle’s
nearest 3 contracts being booked at prices that are −2 ticks below their
respective closing levels for the previous day, while the bundle’s 9 most
deferred contracts are each booked at net price changes of −3 ticks. The
average price change across the 12 contracts is (9 × −3 + 3 × −2)/12 =
−2.75 bps, as desired.

Note that although futures contracts trade in half ticks, the CME price-
distribution algorithm works only through whole-tick price adjustments.

The relentless efficiency of the Eurodollar futures market means that the
price change quoted for a pack or a bundle will almost never deviate
systematically from the actual average price change across the individual
contracts within the pack or bundle. However, the two are apt to exhibit
frequent short-lived deviations, ranging in size from as much as 1/4
contract tick to as little as 1/80 contract tick (on a 10-year bundle). These
will arise as natural artifacts of the restrictions on minimum price
increments—half ticks for individual Eurodollar contracts versus quarter
ticks for packs and bundles.

EXAMPLE

Just before 2:00 p.m. Chicago close on August 5, 1999, we want to buy
1 each of the first 8 Eurodollar futures. Price changes among these
contracts versus their August 4 closing levels range from +3 ticks on
white Sep to +9-1/2 ticks on white Mar. Their average price move is +6-
5/16 ticks. We can buy them individually, but we also consider buying
them as a 2-year bundle. Since the bundle is constrained to trade in
increments of 1/4 tick, it cannot be priced at +6-5/16 ticks. Rather it is
apt to be quoted at either +6-1/4 ticks or +6-1/2 ticks. If we can buy the
bundle at +6-1/4 ticks, then we enjoy an overall discount of −1/16 tick
per contract by using the bundle instead of purchasing the 8 contracts
individually. (By contrast, if the Eurodollar pit offers the 2-year bundle
at +6-1/2 ticks, then it is not such a great deal. We would pay a premium
of +3/16 tick per contract to buy our futures contracts in bundle form



instead of individually.) Having bought the bundle at +6-1/4 ticks,
suppose we apply the CME’s price distribution algorithm in unbundling
it. If we do this, we will pay +6 ticks for the first 6 contracts (white Sep
through red Dec) and +7 ticks for the last 2 (red Mar and red Jun).

For more on the basics of Eurodollar futures, packs, and bundles, see
“CME Interest Rate Futures: The Basics,” from the Chicago Mercantile
Exchange.

HEDGING WITH STACKS, PACKS, AND BUNDLES
The engineered hedge shown in Exhibit 13.2 is designed to eliminate as
completely as possible any yield curve exposure in the hedged position. All
the risk that remains stems from changes in the credit spread, which in this
case would be the 2-year term TED spread.

Simple stack, pack, and bundle hedges will work less well than will
engineered hedges. This is because rate changes across contract months are
not perfectly correlated.

Also, the total number of contracts needed to produce the “best” stack,
pack, or bundle hedge—that is, the hedge with the smallest variance—may
well be more or less than the number required for the engineered hedge. For
one thing, a hedger faced with imperfect correlations can improve things by
underhedging. For another thing, rate changes tend to be larger for some
contract months—for example, the red months—than for others. As a
result, the hedger will want to scale the size of the hedge up or down to
compensate for any regular differences in rate variability.

What Happens to the Correlations?
Exhibit 13.6 shows how changes in the values of various stack, pack, and
bundle hedges correlate with changes in the values of on-the-run 2-year, 5-
year, and 10-year Treasury notes. One can see easily which of these hedges
provided the best protection and how much the correlations fall off if the
hedger chooses something other than the best spot on the curve.

EXHIBIT 13.6 
Best Pack and Bundle Hedges







These rankings are based on correlations between day-to-day changes in
(clean) prices of Treasury notes and day-to-day changes in the prices of
Eurodollar futures contracts or packs or bundles. The “best” futures hedge
for a given Treasury note is simply the ED package most highly correlated
with it. (Specifically, the data we use to compute these correlations are
daily changes—from futures close to futures close—in prices of ED futures
and (clean) prices of Treasury notes over the 5-year interval from mid-June
1994 to mid-June 1999. Note that this span of history is sufficiently long to
embrace a broad variety of market environments—bullish, bearish, stable,
volatile. At the same time, it is reasonably homogeneous in terms of the
Fed’s operating procedures and policy announcement protocols.)

Three things are apparent from Exhibit 13.6. First, the best of these
stack, pack, and bundle hedges are really quite good, at least under normal
circumstances. In all cases, the highest correlations are between 0.95 and
1.00. If one allows for the fact that even the engineered hedge would
exhibit a correlation that is less than 1.00 because of residual credit spread
or TED spread risk, the hedger does not lose much at all.

Second, the best stack, pack, or bundle hedge is found at different, and
in some cases surprising, places on the Eurodollar curve. For example,
although it is impossible to see in Exhibit 13.6, the best 2-year bundle
hedge for the on-the-run Treasury began with the second white contract, not
with the lead, or first, white contract. As shown in Exhibit 13.7, the best
stack hedge for the 2-year note was the first red contract, and the best pack
hedge was the third white pack.

EXHIBIT 13.7 
Best Single Contract, Pack, and Bundle Hedges



As one would expect, the best stack, pack, or bundle hedge for a 5-year
or 10-year note is further out along the Eurodollar curve than is the best
hedge for the 2-year note. As shown in Exhibit 13.7, the best stack hedges
would be the first green and first blue contracts for these notes. The best
pack hedges began with the fourth red and third green contracts.

Third, the term of the best bundle does not always correspond to the
maturity of the note. For example, the best bundle hedge for the on-the-run
5-year note was not, as one might expect, a 5-year bundle. Rather, the
second white 4-year bundle produced a slightly higher correlation than did
any of the 5-year bundles.

Best Pack Proxies for Key Treasury Maturities
How well can Eurodollar packs capture the behavior of yields at key points
along the Treasury curve? The high correlations of the best pack hedges
shown in Exhibit 13.8 would suggest that packs can do a very good job of
representing Treasurys.

EXHIBIT 13.8 
Treasury Note Correlations with ED Packs Daily Price Changes, June 1994
to June 1999



A closer look tells us, though, that they would not do a very good job of
discriminating. For example, the best pack hedge for the current 4-year note
and the on-the-run 5-year note is the fourth red pack. Note, too, that the
best pack hedge for the on-the-run 10-year note is the third green pack,
which is only 3 contracts, or 9 months, farther out on the Eurodollar curve
than the fourth red pack. Thus, using correlation alone to find the best
proxy for a Treasury note would be no help at all in trading the 4-year/5-
year Treasury spread, and would be comparatively little help in the trading
the 5-year/10-year spread.

Horizon Matters
When using changes in rates or prices to estimate correlations, it makes
sense to us to match the period over which one calculates changes with the
hedging horizon. For example, if a typical position is held for a day, then
daily changes seem best. If a position is held for a week, then weekly
changes seem best.

As shown in Exhibit 13.9, the best stack or pack hedges depends
somewhat on the hedging horizon. For example, the best 1-day pack hedge



for the on-the-run 5-year Treasury was the fourth red pack. The best 1-week
pack hedge was the second red. The differences shown in Exhibit 13.9 are
not especially large, but the best hedges using weekly changes do tend to be
closer in on the Eurodollar curve.

EXHIBIT 13.9 
Hedge Horizon and Best Hedges

The Dangers of Decorrelation
Whoever said that the only thing that goes up in a crash is correlations was
not thinking of stack, pack, and bundle hedges.

In recent years, short-run estimates of correlation between Treasury
notes and Eurodollar futures have rarely strayed too far from their long-run
benchmarks. Consider, for example, the relationship between the Treasury
5-year note and the 5-year Eurodollar bundle, as depicted in Exhibit 13.10.
The jagged line represents a running correlation of daily changes estimated
over 20-day periods. The solid straight line represents the full period
correlation, which was 0.975. And, over most of the 5 years covered by
Exhibit 13.10, the running 20-day correlation was higher than this.

EXHIBIT 13.10 
Short-Term versus Long-Term Correlation between Price Changes in 5-
Year Treasurys and First White 5-Year Bundle 
Daily, June 14, 1994 to June 14, 1999



Exhibit 13.10 also shows what can happen to correlations if things go
badly, as they did in the autumn of 1998 when credit markets were roiled
by Russia’s financial meltdown and the failure of Long-Term Capital
Management. The typically rock-steady relationship between the 5-year T-
note and the 5-year ED bundle deteriorated abruptly, with the correlation
between them plunging almost to 0.60 from values that were almost 1.00.

What this means in dollars and cents is shown in Exhibit 13.11, which
depicts daily hedge errors for a hypothetical trader who is always long the
on-the-run 5-year T-note and is short an appropriate number of 5-year
Eurodollar bundles. Through the 4 years from mid-June 1994 to mid-June
1998, the hedge errors on this trade ran reliably close to zero, typically less
than 2/32nds. The plunge in correlation in late summer and early fall of
1998 caused a correspondingly sharp jump in range and variability of hedge
errors.

EXHIBIT 13.11 
The Consequences of Decorrelation: 
Errors from DV01-Hedging OTR 5-Year Treasury Note with First White 5-



Year Bundle 
Daily, June 14, 1994 to June 14, 1999

Scaling Your Hedges to Reduce Hedge Error
Once you decide to use a stack, pack, or bundle in lieu of an engineered
hedge, you may want to consider scaling the hedge to compensate for two
things—differences in rate variability and a loss of correlation. It is useful
to think of a hedge ratio as the product of two things—the correlation
between the two variables and the ratio of their respective standard
deviations (i.e., beta). For example, if you want to hedge y with x, the
hedge ratio that you would find by regressing y on x would be:

where ρy, x is the correlation between y and x, and σy and σx are the standard
deviations of y and x respectively.



The handy thing about this way of expressing the hedge ratio is that two
things are readily apparent. First, if the two variables are perfectly
correlated, the hedge ratio is simply the ratio of the two standard deviations.
Second, if the two variables are less than perfectly correlated, the hedge
ratio will be smaller than the ratio of the standard deviations.

Both forces come into play when hedging with stacks, packs, and
bundles. Consider the results shown in Exhibit 13.12. The curve represents
the standard deviation of daily changes in individual Eurodollar contract
rates. The two solid squares represent the standard deviation of daily
changes in the yields of hypothetical 2-year and 5-year Eurodollar bonds.

EXHIBIT 13.12 
Volatility of Daily Changes in ED Contract Rates and Term TED Yields
Standard Deviations, Mid-1994 to Mid-1999

The shape of the curve illustrates three key features of Eurodollar rate
volatility. First, the lead contract (i.e., the first white contract) is the least
variable of all. The red contracts tend to be the most volatile of all. And
once you get past the greens, all rates exhibit roughly the same variability.

The practical consequences for hedgers are clear. If you want to hedge a
2-year note with any red stack or red pack, you will need fewer contracts
than are called for in the engineered hedge. Or if you want to hedge a 5-
year note with a gold stack or pack, you will need more contracts than are
called for in the engineered hedge.



Taken together, imperfect correlations and differences in variability of
rate changes across contract months encourage the scaling of hedges. For
example, as shown in Exhibit 13.13, the engineered hedge for the on-the-
run 2-year note would eliminate nearly all of the forward rate exposure in
the note. (The percent risk reduction shown in Exhibit 13.13 applies only to
rate risk, not to credit spread risk.) As shown, the engineered hedge would
require 738 contracts. In contrast, the best red pack hedge would use only
548 contracts and at this size would reduce the forward rate risk in the
position by 20 percent. More or less than this number of contracts would
add risk to the hedge. By the same token, the hedger would require only
544 of the first red contract to get a minimum risk hedge.

EXHIBIT 13.13 
Scaled Hedges for a 2-Year Treasury Note 
5-5/8s of 9/30/01 as of October 27, 1999, 
Daily Standard Deviation = $227,618

TRADING CURVE TEDs



Some people look at the curve mismatches implied by stack, pack, and
bundle hedges for Treasurys and see opportunities instead of problems.

Up to this point, we have assumed that the practitioner wants to
construct a hedge with whatever Eurodollar futures package (contract,
pack, or bundle) is most highly correlated with his Treasury note. For a
hedger interested in minimizing basis risk, this is the right approach. It may
not, however, suit the purposes of a speculative trader for whom a certain
amount of decorrelation between Treasurys and Eurodollar futures is
necessary for profitable trading opportunities to exist.

The challenge then for the speculator—or for the hedger who wants to
improve the odds—is to identify, for any given Treasury note, which curve
TEDs are out of line and whether they are sufficiently out of line to offer
the prospect of a profitable trade.

The best way to understand how a curve TED spread trade works is to
break it down into its two components—a standard weighted TED spread
trade and a Eurodollar curve spread trade.

Curve TED = Standard TED + Curve spread

Consider, for example, the curve TED trade illustrated in Exhibit 13.14.
In this case, the trader buys a 2-year Treasury note and sells 179 of the red
pack. This trade can (and should) be thought of as the sum of two separate
trades. First, as shown in the middle column, the trader is long the standard
2-year term TED spread, which is long the 2-year note and short a weighted
strip of Eurodollar futures. Second, as shown in the right-hand column, the
trader is long the white contracts and short the red contracts and is, as a
result, long the slope of the 2-year Eurodollar curve. The standard 2-year
term TED will profit from an increase in the pure credit spread between
LIBOR and Treasury yields. The curve spread will profit if the 2-year
segment of the Eurodollar futures rate curve steepens as shown in Exhibit
13.15. For this part of the trade to profit, “red” futures rates must rise
relative to “white” futures rates.

EXHIBIT 13.14 
Deconstructing a Curve TED Spread



EXHIBIT 13.15 
The Curve Trade Implied by a Red Pack Hedge for a 2-Year Treasury Note

Calculating the Hybrid Spread
Tracking the performance of a curve TED requires a consistent measure of
the value of the hybrid spread. Perhaps the best and simplest way to do this



is to begin with a measure of the standard TED spread. To this can be added
the difference between the average rate at which the trader is short
Eurodollar futures and the average rate at which the trader is long
Eurodollar futures in the curve part of the trade. For this kind of addition to
work correctly, the two spreads should be quoted in like terms. Since the
curve spread is an average of quarterly money market rates, any measure of
the TED spread that is measured in semiannual bond equivalent yield terms
(for example, the implied yield and implied price TEDs that one finds on
Bloomberg) should be converted to quarterly money market basis points.
Or one could use the spread-adjusted TED (what we call the fixed basis
point spread to Eurodollar rates), which is quoted in quarterly money
market basis points by definition. Or, finally, one could convert the
Eurodollar curve spread from quarterly money market basis points into
semiannual bond equivalent basis points. In this note, we express
everything in money market terms.

A correct reckoning of the curve spread requires only that the value of a
basis point change in the value of the curve spread be the same as the value
of a basis point change in the standard TED spread. In this example, the
standard weighted hedge for the Treasury note has a total of 717 Eurodollar
contracts so that the value of a basis point is $17,925 [= 717 contracts ×
$25 per contract per basis point]. Thus, for the purposes of calculating the
curve spread, we should think of the curve trade in terms of the gross trades
needed to add the curve trade.

As shown in Exhibit 13.16, the curve trade we are adding to the TED
trade could be accomplished by buying the strip of Eurodollar futures
shown under the “long” column and selling the strip of Eurodollar futures
shown under the “short” column. (The actual trade would simply be the net
of these two strips.) Given these contracts and the closing values of the
Eurodollar contract rates for August 4, the average rate at which the trader
is short is 6.669 percent, and the average rate at which the trader is long is
6.244 percent. The difference is 0.425%, or 42.5 basis points, which can be
added to the value of the 2-year term TED spread, which was 71.4 basis
points. Taken together, the value of the curve TED spread would be 113.9
basis points [= 71.4 + 42.5].



EXHIBIT 13.16 
Calculating the Curve Spread

Similar adaptations of the standard TED spread can be done for other
kinds of TED hedges. For example, if the trader decided to hedge the 2-
year note with the first red stack, the curve exposure would be an odd sort
of butterfly, as shown in Exhibit 13.17. To achieve this, the trader could be
thought of as buying back the original Eurodollar strip and selling 717 of
the first red contract (red Sep in this case). Thus, the trader would be short
at a rate of 6.475 percent (the rate for the red Sep contract in Exhibit 13.16)
and long at an average rate of 6.244 percent. The curve spread would then
be 0.231 percent, or 23.1 basis points.

EXHIBIT 13.17 
Curve Exposure



Looking for Opportunities
If the trader wants to augment a standard TED spread with a curve spread,
the next challenge is to find the best opportunities. One perspective is
provided by the change in a particular kind of curve spread through time.
Exhibit 13.18, for example, shows how generic versions of the stack, pack,
and bundle curve spreads described in Exhibit 13.17 behaved over the past
5 years. Not too surprisingly, the curve spread produced by substituting a 2-
year bundle for the engineered hedge was very stable. Rarely, for that
matter, was this curve spread more than 2 or 3 basis points.

EXHIBIT 13.18 
Generic Eurodollar Curve Spreads



The stack and pack spreads, on the other hand, proved to be really quite
volatile. In the stack curve spread, for example, you can see the curvature
of the forward rate curve increase and decrease as the value of the spread
rises and falls. And, in the pack curve spread, you can see the slope of the
forward rate curve increase and decrease as the value of the spread rises
and falls.

The effect of appending the pack curve spread to a conventional 2-year
TED spread is illustrated in Exhibit 13.19. The lightest line tracks the value
of the 2-year TED spread, and the darkest line tracks the value of the pack
curve spread. The value of the augmented pack curve TED is traced out by
the third line. In this history, the two components of the pack curve TED
exhibit a considerable degree of independence. Over the period shown, the
correlation of weekly changes in the values of the 2-year TED spread and
the pack curve spread was 0.10.

EXHIBIT 13.19 
Augmenting a 2-Year TED Spread



To the extent the two components of the pack curve TED spread are
uncorrelated, the pack curve TED spread will have desirable risk/return
characteristics. A curve TED spread represents a diversified portfolio of
two separate spreads—namely the pack curve spread and the conventional
TED spread. Thus, during those intervals when the pack curve spread and
the conventional TED spread are uncorrelated with each other, the pack
curve TED should exhibit less risk for any given expected return than will
the conventional TED spread by itself.

Consider the recent experience with both parts of the spread trading at
historically rich levels—that is, the 2-year TED spread above 60 basis
points and the pack curve spread above 40 basis points. At these values, a
trader could have sold either of the spreads by themselves. Combining
them, though, by selling a Treasury note and buying red packs could have
produced a trade with the same potential gain but with less risk.

In this case, the trade opportunity is presented by a steepening of the
Eurodollar rate curve in the white and red years. In augmenting a TED
trade, one has a much longer menu of curve trades from which to choose.



CHAPTER 14 
Hedging Extension and Compression Risk in Callable Agency
Notes

Galen Burghardt and William Hoskins 
Research note originally released March 24, 1995

SYNOPSIS
The federal financing agencies have raised well over $150 billion by
issuing callable notes, and some of these issues have been large. In January,
for example, the Federal National Mortgage Agency (FNMA) issued a $1
billion global bond that was offered to the world at large.

The street’s experience with hedging these issues has been hugely
disappointing. Because of the embedded call options, these issues behave
like short-term notes when yields are low and falling. But when yields are
high and rising, the calls drop out of the money and the notes begin to
behave like long-term notes. The result is a compression of capital gains
when rates fall and an acceleration of capital losses when rates rise. The
risk in this kind of note is known variously as compression risk (when
yields are already high) and extension risk (when yields are already low). In
either case, the consequences of rate changes can be ugly. Also,
underwriters and market makers complain that the spreads between the
yields on callable agency notes and the yields on Treasury notes are far too
variable to allow effective hedging.

Much of this disappointment almost certainly stems from the practice of
treating a 10-year note that can be called anytime after 5 years as if its
maturity and duration are simply somewhere between those of a 10-year
note and those of a 5-year note. The mistake is in treating the call provision
as if it does nothing more than shorten the maturity and lower the effective
duration of the note. This approach may work well enough when the yield
curve rises or falls in parallel, but it does nothing to capture the yield curve
exposure that is contained in a callable note.

An effective hedge can be constructed only by taking apart the risk
exposure and dealing with the different sources of risk separately. This note
shows how to isolate the forward yield risk exposure in the embedded call



options from the spot yield risk exposure in the bullet part of the issue. In
the process, we show how to capture yield curve risk as well as yield level
risk. Examples of what these hedges look like are shown in Exhibit 14.9
(using Treasury futures) and in Exhibits 14.14 and 14.15 (using Eurodollar
futures).

We also find that much of the apparent volatility of yield spreads over
Treasurys can be explained by changes in the slope and shape of the yield
curve. Exhibit 14.1, which shows the spread for a 10-year note callable in
5, illustrates this quite vividly.

EXHIBIT 14.1 
Callable Agency Yield Spread over 10-Year Treasury Yield Spread in Basis
Points

INTRODUCTION
Although some callable agency notes have no call protection, a typical note
will specify a period during which it cannot be called. The note illustrated
in Exhibit 14.2, for example, has an original maturity of 10 years. During
the first 5 of these years, the agency cannot call the note. Once the 5-year
mark has been passed, the agency has the right to redeem or call the note at
par throughout the remaining life of the note. Notes issued by the Federal
Home Loan Banks typically are callable on coupon dates with 10 days
notice. Notes issued by the Federal National Mortgage Agency (FNMA)
typically are callable any time during the call period with 30 days notice.
Typical maturities and no-call periods for these agency issues are shown in
Exhibit 14.3.



EXHIBIT 14.2 
Structure of a Callable Agency Security 10-Year Note That Cannot Be
Called During the First 5 Years of Its Life

EXHIBIT 14.3 
Standard Maturities and Call Features

The key to hedging notes like these effectively is to think of a callable
note as a package that combines a noncallable bullet note with one or more
call options. This approach allows the hedger to separate the term yield risk
in the bullet from the forward yield risk in the forward notes that underlie
the embedded call options. Once this is done, it is easy to construct durable
hedges using either cash instruments or futures contracts. Also, we find that
much of the apparent yield spread risk between callable notes and
Treasurys can be explained by changes in the relationship between term and
forward yields. The main steps in this process include:

• Finding the yield curve exposure in a callable note



• Structuring robust delta hedges with cash instruments
• Substituting Treasury note futures or Eurodollar futures for cash

instruments

Along the way, we explain the risks in delta hedging and what can be
done about them, and what to do if the note has little or no call protection.

Much of the success of this approach hinges on finding the most likely
call date. For issues with a lot of call protection, the most likely call date is
the first call date. For issues with little or no call protection, the most likely
call date depends, among other things, on both the level and volatility of
interest rates. To simplify the presentation, we begin with a comparatively
simple example in which the issue has 10 years to maturity and 5 years of
call protection. In this example, the issuer’s right to call at 5 years is far and
away the most valuable option.

What Is the Exposure in a Callable Agency Issue?
For anyone who owns these issues, however briefly, the embedded call
options can pose particularly ugly exposure problems. If interest rates fall,
the likelihood that the issuing agency will redeem the note at par goes up
and the note begins to behave as if it matures on the first call date rather
than at the maturity. If interest rates fall enough, a 10-year note callable
after 5 years would exhibit the price behavior of a 5-year note because the
financial world would be confident that the issuing agency will redeem or
call the note at the 5-year mark. On the other hand, if interest rates rise
enough, the agency would not be expected to call the note, and the note
would exhibit the price behavior of a 10-year note.

Extension and Compression Risk
The result is a note whose price rises more like that of a 5-year note when
yields are low and falling and falls like that of a 10-year note when yields
are high and rising. This kind of behavior, which is the worst of both
worlds, can be described as either extension risk, or compression risk
depending on your point of view. When yields are low and the issue is
behaving like a short-term note, the risk is that yields will rise and the issue
will begin to behave like a longer-term note. This is the extension risk.
When yields are high, on the other hand, and the issue is behaving like a



long-term note, the risk is that yields will fall, the call features will kick in,
and the issue will begin to behave like a short-term note. This is the
compression risk.

A Packaged Deal
The best way to understand the risks in a callable note is to think of it as a
package that combines a noncallable note with a short option on a forward
note. The noncallable note’s coupon and maturity would be the same as
those of the agency note. The underlying for the short option would be a
noncallable note with the same coupon as the agency’s and a maturity equal
to the remaining life of the agency issue at the time the option can be
exercised. In Exhibit 14.2, the noncallable note has a maturity of 10 years,
and the underlying for the short option is a 5-year note, 5 years forward.

A package like this is illustrated in Exhibit 14.4.

EXHIBIT 14.4 
Components of Risk in a Callable Note 
10-Year Note, Callable in 5 Years

What Is the Package Worth?
The value of the package is simply the sum of the values of the parts. The
investor’s position is like that of someone who is long a noncallable note
and short a strip of call options. As a result, to price a callable agency issue,
all we have to do (in principle) is price a noncallable note with a coupon
and maturity equal to that of the callable note and subtract from that the
total value of the option package.

What Is the Risk Exposure?
Looking at the issue this way makes plain what has to be done to hedge it.
In particular, we see that we have two kinds of instruments—one a note and
one an option on a note. Also, we see that we face two different underlying



sources of interest rate risk. For the agency issue in Exhibit 14.4, the price
of the 10-year note is driven by the term yield on a 10-year note. The price
of the embedded option is driven by the yield on a 5-year note 5 years
forward. An effective hedge, then, will tackle these risks separately.

STRUCTURING A HEDGE
How you hedge such an instrument will depend on which of the risks most
worry you and on whether you can lay your hands on the right hedging
tools. For example, offsetting the risk in the noncallable part of the note is a
comparatively straightforward task that entails little more than selling a
Treasury note or non-callable agency note with a similar coupon and
maturity. One also can hedge this risk with Treasury note futures or, in
many instances, with strips of Eurodollar futures.

The Option Is Tougher
The most straightforward hedge for the embedded short option positions
would be a long position in an identical package of options, which would
be a forward-starting American-style swaption. Such a package could be
purchased in the over-the-counter (OTC) market. This strategy would make
sense if the objective in buying the callable notes were to profit from a
mispricing of the embedded options. That is, if the embedded options were
more expensive than the offsetting OTC package, the hedged position
would provide a higher yield than a conventional noncallable note.

Buying an offsetting package of OTC options might not be the best
strategy, however, for a dealer whose business is underwriting agency debt.
Once the issue has been sold and is out the door, the underwriter no longer
needs the hedge. To unwind the option part, though, the underwriter would
have to sell an OTC option package identical to the one it bought as part of
the hedge. And because this also has to be done in the OTC market, the
underwriter would be left with both long and short OTC options and a
trailing credit exposure in the long option package until it expires.

For anyone who wants a temporary hedge, the challenge is to find a
hedge that adequately captures the risk in the callable note, that can be put
on and taken off at low cost, and that leaves no trailing credit exposure
once the need for the hedge has passed. As it is, such a hedge is too good to
be true. But we can, by focusing on the sources of yield curve exposure in



the note, produce delta hedges that should do a first-rate job of capturing
the directional risk in a callable agency note.

Focus on Delta Hedging
In general, the directional exposure in a callable note can be expressed
approximately as

Callable note exposure ≈

Noncallable note DV01 − (Embedded call delta × Forward note
DV01)

where DV01 represents the dollar value of a basis point change in the
underlying yield and the call delta is the delta today of the agency’s option
to redeem the note at par when the no-call period is over. One good thing
about writing out the exposure this way is that it underscores the separate
sources of risk in the issue. A common mistake people make when hedging
callable issues is to assume that noncallable and forward note yields rise
and fall in parallel. With this assumption, one can calculate a hybrid DV01
for the callable note that makes it look as if it behaves like a note whose
maturity is somewhere between the note’s first call date and its final
maturity. And having done this, one can easily make the mistake of hedging
the callable note as if it were simply a noncallable note with a shorter
maturity.

We know, however, that parallel shifts in the yield curve are an
exception rather than the rule. The only hedges that will prove effective in
the face of yield changes while the curve is steepening or flattening are
those that address the separate sources of risk separately.

Consider, for example, a 10-year issue that is callable in 5 years.
Suppose, too, that the embedded call is around the money so that its delta is
0.50. In a case like this, the directional risk in $10 million of the callable
issue would be the same as the directional risk in a long position of $10
million of a noncallable 10-year note combined with a short position of,
say, $5 million of a 5-year note 5 years forward. The best way to hedge the
directional exposure in this case would be to sell $10 million of a 10-year
noncallable note and to buy $5 million of a 5-year noncallable note 5 years
forward. In both cases, the spot and forward notes would have coupons
equal to the callable note’s coupon. Done this way, the hedge provides



protection against the 10-year bullet exposure and against the callable
note’s exposure to changes in 5-year rates 5 years forward.

Synthetic Forward Notes
The main hurdle to doing this hedge is that there is not much of a market
for the forward note the hedger needs to put this kind of delta hedge
together. A substitute for the missing security, however, is fairly easy to
create. As shown in Exhibit 14.5, the equivalent of a 5-year note 5 years
forward can be constructed by combining a long position in a 10-year note
with a short position in a 5-year note.

EXHIBIT 14.5 
Constructing a Synthetic Forward Note

The effect of using the synthetic equivalent of the forward note is
illustrated in Exhibit 14.6 for a case in which the delta of the embedded call
is 0.5. Hedge 1 shows the direct hedge, which deals with the problem by
offsetting each source of exposure separately. The 10-year exposure is
hedged by selling $10 million of a noncallable 10-year note, and the
exposure to the 5-year note 5 years forward is hedged by buying $5 million
of the 5-year note 5 years forward. Such a hedge would leave the position
with no directional exposure.

EXHIBIT 14.6 
Alternative Hedges for a 10-Year Note Callable in 5 Years



Hedge 2 shows what happens if we substitute a long position in a
synthetic forward note for the actual forward note. In this case, the
synthetic forward would include a long position of $5 million in a 10-year
note and a short position of $5 million in a 5-year note instead of a long
position of $5 million in a 5-year note 5 years forward. If we buy the
synthetic note, notice that the $5 million of the 10-year note that we buy to
construct the synthetic forward note offsets half of the $10 million of the
10-year note that we would sell to hedge the exposure to the 10-year
noncallable note. Netting the two, we find that we can sell just $5 million
of the 10-year note. And, if we do, the combined net hedge would comprise
short positions of $5 million each in the 10-year and 5-year notes.

This is not the same, of course, as selling $10 million of something like
a 7.5-year note, even though the average maturity or duration may be the
same as that of the best hedge. By selling 10s and 5s, the hedger captures
exposure to changes in the slope of the yield curve as well as to changes in
the general level of yields.



Different Deltas
This kind of financial algebra is extremely useful for constructing
economical and effective hedges. Consider how things look if the
embedded call delta is 1.00. In this case, yields are so low that there is no
question in anyone’s mind (at least not in the mind of anyone in the options
market) that the issuing agency will redeem the note at the first possible
opportunity. If this is the case, then the market will trade the agency issue
as if it were a 5-year note. If you wanted no directional price exposure, you
would have to sell $10 million of a noncallable 5-year note.

Or suppose that the call’s delta is 0.25. In this case, yields are high and
the likelihood that the issuing agency will call the note is about one in four.
As a result, the note is behaving as if it were a combination of $7.5 million
of a 10-year noncallable note and $2.5 million of a 5-year noncallable note.
In this case the hedger would have to sell $7.5 million of a 10-year note and
sell $2.5 million of a 5-year note.

If the call’s delta is zero, the option market’s guess is that the agency
will never call the note. In this case, the market will treat the issue as if it
were a 10-year noncallable note, and it can be hedged simply by selling $10
million of a 10-year note.

In general, as the marginal comments in Exhibit 14.7 indicate, the kind
of risk the hedger faces hinges on the delta of the embedded call. If the
embedded call’s delta is greater than 0.50 because interest rates are low,
then the issue is behaving mainly like a 5-year note, and the hedger is
concerned with extension risk. On the other hand, if the delta is less than
0.50 because interest rates are high, then the issue is behaving more like a
10-year note, and the hedger’s big concern is compression risk.

EXHIBIT 14.7 
Delta Hedges for $10 Million of a Callable Agency Note 10-Year Maturity,
Callable in 5 Years



EXAMPLE OF HEDGING A 10-YEAR, 8.5 PERCENT COUPON
NOTE, CALLABLE IN 5 YEARS
A lot can be learned by working through an example of how one would
construct a hedge. For this example, we will work with a 10-year, 8.5
percent coupon note with 5 years of call protection. This resembles the
FNMA global issue that was brought to market in January 1995. The steps
in finding the hedge are:

• Find the forward price of the note underlying the embedded call
• Find the embedded option’s delta for changes in the forward price
• Calculate spot market hedge ratios
• Calculate futures hedge ratios
• Adjust the hedge as interest rates change

All of the information we need to work through this example is
displayed in Exhibit 14.8, which shows how to price a forward note using
spot bullet issues, and Exhibit 14.9, which is an example of our hedge
report.

EXHIBIT 14.8 
How to Price a Forward Note



Step 1: Find the Price of the Forward Note
To value the embedded call option, you have to know the price of the
underlying, which is a 5-year note, 5 years forward. That is, you have to
know how much you would pay 5 years from now for a note with the
appropriate coupon and that matures 5 years later, or 10 years from now. To
find this price, consider what it would cost to construct such a note using
noncallable 5-year and 10-year notes. As shown in Exhibit 14.8, the price
of a 5-year, 8.5 percent noncallable note yielding 20 basis points over the 5-
year Treasury yield of 7.74 percent on January 20, 1995, is 102.28
(decimal). The price of a 10-year, 8.5 percent coupon noncallable note
yielding 27 basis points over the 10-year Treasury yield of 7.76 percent is
103.19. Note, too, that the price of a 5-year, zero-coupon issue is 67.74 per
$100 par amount.



At these prices, you can construct today a synthetic 5-year, 8.5 percent
coupon note 5 years forward by buying the 10-year issue and selling the 5-
year issue. At the prices on January 20, this would require a net cash outlay
of $0.91 [= 103.19 − 102.28] per $100 face amount of the transaction. For
the purposes of this exercise, you would finance this cash outlay by selling
a 5-year zero-coupon bond, which allows you to borrow for 5 years without
making any cash interest payments between now and 5 years from now. As
shown in Exhibit 14.8, you would have to sell $1.35 [= 0.91/0.6774] par
amount of the zero to cover the difference in the two prices. Notice that
because you borrow the difference between the purchase of the 10-year
note and the sale price of the 5-year note, your net cash outlay today is
zero.

For the next 5 years, the two coupon streams just offset one another.
That is, the coupon income on your long position in the 10-year bullet just
covers the coupon outlay on your short position in the 5-year bullet.

At the 5-year mark, you have to pay out two amounts of money—
$100.00 to cover the bullet payment on the 5-year note that you sold at the
outset and $1.35 to redeem the zero-coupon bond that you sold. Taken
together, your total cash outlay in 5 years is $101.35 per $100 par amount,
and you are left with the last 5 years of the original 10-year issue.

The price, then, of the noncallable 5-year, 8.5% coupon note 5 years
forward is simply $101.35. This is the price of the underlying that we plug
into an option pricing model to find the embedded call’s delta.

Before we do this, though, it is important to lay out the relationship
between this forward price and the spot prices of the notes used in the
forward note’s construction. In particular, we can write the price of the
forward note as

where 100 is the par value of the note. The expression in brackets is the
forward value of the difference between the spot prices of the 10-year and
5-year notes. This expression will prove to be especially useful because it is
the link between the price of the forward note that underlies the embedded
option and the spot prices of the notes we will use to construct the actual
delta hedge.



Step 2: Find the Embedded Option’s Delta
To calculate the option’s delta, we need a measure of the implied volatility
of the 5-year forward note’s price. We can get a first approximation of this
by comparing the price of the callable note, which is 99.73 (or 99–
23/32nds) in this example, with the price of a 10-year noncallable note,
which is 103.19. These prices are shown in panels A and C of Exhibit 14.9.
The difference between the two, or 3.46, is what the issuing agency is
paying for the right to call the note and is shown as the value of the option
in panel D. Using 3.46 as the option price, 101.35 as the price of the
underlying forward note, and the Black model for pricing European calls on
forwards, we get an implied price volatility of 4.84 percent. This level of
price volatility corresponds to a yield volatility for the forward note of
14.74 percent.

EXHIBIT 14.9 
Callable Agency Hedge: 10-Year Callable in 5 
Trade January 20, 1995, Settlement January 30, 1995

In practice, we want to use a slightly smaller implied volatility for
calculating the option’s theoretical delta. This is because the issuing agency
has more than a simple European call on the issue at 5 years. Rather, the
agency has a string of options that allow it to call the note almost any time
between 5 years and maturity. These “backup” calls contribute a small
amount to the value of the package of calls. For this example, we make a



reasonable allowance for their contribution and use an implied volatility of
4.20 percent, or a yield volatility of 12.85 percent, for calculating the delta
of the first—and most important—of the note’s embedded call options.

With these assumptions, we find that the option’s delta for changes in
the forward note’s price is 0.39. That is, a $1 increase in the forward price
of the forward note would increase the value of the embedded call by
$0.39. This delta may seem small for an option that is in the money, but the
delta represents the change in the present value of the right to exercise the
option. If we were close enough to the call date, the delta would be greater
than 0.50, but 5 years of discounting reduces the present value a great deal.

If we plan to use 5-year and 10-year bullet notes, however, we need a
measure of the embedded option’s spot price delta. That is, we need to
know the change in the value of the option for a $1 change in the prices of
the 5-year and 10-year notes. To find the spot price deltas, all we need is
the linkage between the spot and forward prices, which we already know is:

From this, we see that a $1 increase in the spot price of the 10-year note
increases the forward price by $1 divided by the price of a 5-year zero. In
our example, this would be 1.48 [= $1.00/$0.6774]. Chaining this together
with the option’s forward price delta of 0.39, we find that the option’s spot
price delta is 0.58 [= 0.39 × 1.48] for changes in the price of the 10-year
note. Similarly, we see that a $1 increase in the spot price of the 5-year note
decreases the forward price by $1.48. As a result, the option’s spot price
delta for changes in the price of the 5-year note would be −0.58 [= 0.39 ×
−1.48]. The only difference between the deltas for changes in the 10-year
and 5-year notes’ prices is the sign. In general, the option’s spot deltas are
simply



where the forward price deltas are the standard output from an option
pricing model.

Step 3: Calculate Spot Market Hedge Ratios
Now we can use the simple hedge algebra illustrated in Exhibit 14.6. The
owner of this callable note can think of it as a long position in an 8.5
percent coupon, 10-year noncallable note together with a short call option
on an 8.5 percent coupon, 5-year note, 5 years forward. With spot deltas of
0.58 for the 10-year note and −0.58 for the 5-year note, the effect of being
short the embedded call is like that of selling 0.58 of the 10-year note and
buying 0.58 of the 5-year note. Thus, the investor’s net exposure in the
callable note can be summarized as

10-yr note exposure = 1.00 − 0.58 = 0.42
5-yr note exposure = 0.00 + 0.58 = 0.58

In other words, the risk exposure in $100 million of the callable note is like
the risk exposure in a position that combines $42 million of the 10-year
noncallable note with $58 million of the 5-year noncallable note.

And, if our interest in hedging the callable note is to remove any
directional exposure to changes in 5-year and 10-year interest rates, we
would sell $42 million of the 10-year noncallable note and sell $58 million
of the 5-year noncallable note. This hedge, with slightly greater precision,
is shown in the center of panel G of Exhibit 14.9.

As a reasonableness check, we should satisfy ourselves that these
measures of risk exposure make sense. We know that the forward note price
is above par so the issuer’s call option is in the money. As a result, the
callable note should tend to behave more like a 5-year note than a 10-year
note. Thus, finding that the risk equivalent of the callable note is $58
million of a 5-year note and $42 million of a 10-year note should seem
right.

Step 4: Calculate Futures Hedge Ratios
The spot hedges in Step 3 would be done with noncallable agencies or
Treasury notes with appropriate coupons and maturities. The next step is to
do the best possible job of hedging the position with futures. In some cases,
especially those involving maturities over 5 years, the best available
hedging tools would be Treasury note futures. In other cases, especially



those involving issues with shorter maturities or those with little or no call
protection, Eurodollar futures can provide a better match. In all cases,
though, the problem of hedging with futures comes down to nothing more
than replicating adequately the 5-year and 10-year bullets with futures.

This example provides a good opportunity to use Treasury note futures.
We can, for example, sell 10-year Treasury note futures as a reasonable
proxy for selling the 10-year noncallable note. And we can use 5-year
Treasury note futures in lieu of selling the 5-year noncallable note. To find
the appropriate number of contracts in each case, we simply calculate the
standard hedge ratios for each issue. For example, the 8.5 percent coupon
5-year noncallable note has a dollar value of a basis point (DV01) of $41.21
per $100,000 face amount. The DV01 for $57.5 million of this issue would
then be $26,695.75 [= $57,500,000 × ($41.21/$100,000)]. As shown in
panel E, the DV01 of a single 5-year Treasury note futures contract on
January 20 was $37.20. Thus, the number of 5-year note futures that we
would need in place of the 5-year notes would be

which we would short. Similarly, with a DV01 of $29,461.00 [=
$42,500,000 × ($69.32/$100,000)] for $42.5 million of an 8.5 percent
coupon, 10-year noncallable note, and a DV01 of $57.52 for a 10-year
Treasury note futures contract, the 10-year note futures hedge would be

These hedge ratios are shown as a pair of numbers in the center of panel H
in Exhibit 14.9.

Step 5: Adjust the Hedge as Interest Rates Change
Any change in the price of the forward note will cause the delta of the
embedded call to change. For example, if the forward note price rises, the



call delta increases, and we will have to adjust our hedge to include more 5-
year notes and fewer 10-year notes. If the forward price falls, the call delta
decreases, and we will have to reduce our 5-year note position and increase
our 10-year note position to reflect the change.

The hedge pairs in Exhibit 14.9 provide some indication of how the
hedge ratios would change in response to changes in the spot yields of the
10-year and 5-year notes that we use to construct the synthetic forward.

Consider what happens, for example, if the 10-year yield rises while the
5-year yield remains unchanged. If this were to happen, the yield on a 5-
year note 5 years forward would rise and the price of the forward note
would fall. This would cause the embedded option’s delta to fall, causing
the callable issue to behave more like a 10-year note and less like a 5-year
note. In Exhibit 14.9, we find that if the 10-year noncallable note’s yield
were to increase 25 basis points while the 5-year noncallable note’s yield is
held fixed, the appropriate hedge would be 519 of the 5-year note futures
and 641 of the 10-year note futures. In other words, because of a decrease
in the likelihood of call, the note would behave more like a 10-year note
and less like a 5-year note. The decrease in the number of 5-year futures
and the increase in the number of 10-year futures reflects this shift in
behavior.

In contrast, an increase in the 5-year note’s yield with no change in the
10-year note’s yield would cause the forward note’s yield to fall. The
resulting increase in the forward note’s price would cause the embedded
call’s delta to rise and would, as a result, tip the hedge more towards 5-year
note futures and away from 10-year note futures. For example, if the 5-year
note’s yield were to increase 25 basis points with no change in the 10-year
note’s yield, the new hedge pair would include 706 5-year note futures and
437 10-year note futures.

THE COSTS AND RISKS OF DELTA HEDGING
The main costs of delta hedging a short option are incurred when
rebalancing the hedge. For example, an increase in the 5-year note’s yield
would cause the hedger to sell more 5-year notes and to scale back the short
position in 10-year notes. Similarly, a decrease in the 5-year note’s yield
would cause the hedger to scale back the short position in 5-year notes and
to sell additional 10-year notes.



Only some of this rebalancing is costly. For example, an increase in the
5-year note’s yield forces the hedger to sell more 5-year notes, and these
must be sold at a lower price. On the other hand, if it is only the 5-year
note’s yield that has changed, the price of the 10-year notes that the hedger
has to buy is the same as it was. The only cost of transacting in the 10-year
notes would be transactions costs.

And, to the extent changes in 5-year and 10-year note yields are
correlated, at least some of the hedge rebalancing will actually be done at
favorable prices. Consider what happens, for instance, if 5-year and 10-year
note yields both increase 25 basis points. As shown in Exhibit 14.9, this
increase would force the hedger to buy 47 [= 637 − 590] 5-year note futures
and to sell 51 [= 563 − 512] 10-year note futures. Because both futures
prices will have fallen with the rise in 5-year and 10-year note yields, the
cost of having to sell the 10-year futures at a lower price is offset somewhat
by being able to buy the 5-year contracts at a lower price.

In any case, the costs of delta hedging the note are offset by the time
decay earned on the short options embedded in the callable note.

Risks in the Hedge
Delta hedging an option is risky business for at least two reasons. First,
delta hedges do not capture the gamma in the option. As a result, a large,
unexpected change in the underlying price can produce large hedge errors.
Because the investor in the callable note is short the embedded call, the
gamma in the position is negative. Any large rate changes, then, hurt the
investor.

Second, delta hedges afford no protection against changes in implied
volatility. Because the investor is short the embedded call, any increase in
implied volatility increases the value of the call and reduces the value of the
callable note. In Exhibit 14.9 panel D, the callable note is shown to have a
price vega of 0.61 and a yield vega of 0.20. That is, an increase in implied
price volatility from 4.20 percent to 5.20 percent would increase the value
of the issuer’s call option by 0.61. Or, an increase in implied yield volatility
from 12.85 percent to 13.85 percent would increase the value of the call by
0.20.1

At least some of these risks can be offset by including some long options
in the hedge. Long options would bring with them positive gamma, which



would help offset the risks of large and unexpected price changes. Long
options would also afford some protection against increases in implied
volatilities. The chief difficulties in using options lie in their availability.
The long-dated options on forward bonds or swaps that would provide the
right mix of gamma, vega, and theta are available only in the over-the-
counter market. The short-dated options that trade on the Chicago
exchanges can be used to offset gamma exposure but their relatively small
vegas would do little to offset the implied volatility exposure in the callable
notes.

THE YIELD SPREAD BETWEEN AGENCIES AND TREASURYS
Some hedgers worry about not being able to hedge changes in the yield
spread between callable notes and Treasurys. The approach to hedging that
we take here, however, makes it possible to hedge much of the apparent
risk in this spread. The reason is that much of the yield spread reflects
nothing more than the value of the embedded call options. And if we can
hedge the embedded calls, then we can hedge that part of the yield spread
risk that is produced by changes in the values of the embedded calls.

The yield spread between a callable agency note and a Treasury note
with the same maturity reflects two main differences between the two
notes. One is the apparent credit of the issuer. However badly our country
manages its fiscal affairs, the U.S. Treasury is less likely to default than are
any of the Federal financing agencies. This difference is reflected in the
higher yields paid on non-callable agency bullet issues.

The other difference is in the call features. The holder of the callable
note pays a lower price for the callable note as compensation for giving the
agency the right to call the note. The result of the lower price is a seemingly
higher yield to maturity. As a result, anything that increases the value of the
embedded calls should increase the callable note’s yield spread over
Treasurys.

In particular, consider an increase in the yield on the 5-year note with no
change in the yield on the 10-year note. Such a change would cause the
yield on the 5-year note 5 years forward to fall and the forward price of the
note to rise. The embedded calls would increase in value, the price of the
callable note would fall, and its measured yield to maturity would rise.
Thus, even with no change in the bullet spreads over Treasurys, the yield
spread between the callable note and a 10-year Treasury note would



increase. In Exhibit 14.10, we see that a 25-basis point increase in the yield
of the 5-year note with no change in the yield of the 10-year note would
increase the spread over 10-year Treasurys from 78 to 87 basis points.

EXHIBIT 14.10 
Callable Agency Yield Spread over 10-Year Treasury 8.5 Percent Coupon,
10-Year Callable in 5 Yield Spread in Basis Points

Similarly, any decrease in the yield on the 10-year note with no change
in the yield on the 5-year note would decrease the yield on the forward note
and, as a result, increase its price. The resulting increase in the value of the
embedded calls would increase the agency’s spread over 10-year Treasurys.
In Exhibit 14.10, we find that a 25-basis point decrease in the yield of the
10-year note would increase the callable note’s yield spread from 78 to 93
basis points.

WHAT IF THERE IS LITTLE OR NO CALL PROTECTION?
The problem of hedging a 10-year note that has 5 years of call protection is
comparatively easy because the most valuable of the agency’s rights to call
the note is the very first option. As a result, even though the agency’s right
to call the note any time after 5 years is worth something to the agency, the
hedger can ignore these backup options and treat the note as if it could only
be called at the 5-year mark without any really serious consequences to the
effectiveness of the hedge.

In many cases, however, the note that one wants to hedge has little or no
call protection. What should one do then?

The main question is this. If the agency can call the 10-year note
anytime, what is the appropriate underlying for the embedded call option?



The answer is that it depends. The agency, for example, has the right to call
the note 1 year from now. For this particular option, which has 1 year to
expiration, the underlying is a 9-year note 1 year forward. The agency also
has the right to call the note 3 years from now. For this option, which has 3
years to expiration, the underlying is a 7-year note 3 years forward. Which
of these is the more valuable option? The option to call the note in 1 year
benefits from having an underlying note whose price is relatively volatile
for any given level of yield volatility. But the option itself only has 1 year
to expiration. The option to call the note in 3 years suffers from having an
underlying—a 7-year note 3 years forward—whose price is less volatile
than that of the 9-year note underlying the 1-year option. But the option has
more time to expiration.

Which of these is the more valuable option depends to a large extent on
the level of rates. As shown in Exhibit 14.11, if yields are low enough, the
agency can be counted on to call the note at the earliest opportunity. The
most valuable option would be the option with the nearest expiration,
which in this example would be the option to call in 1 year. If yields are
high enough, on the other hand, the most valuable option would be a
longer-dated option on a shorter maturity note. In Exhibit 14.11, the most
valuable option is the right to call the note in 2 years. At higher yields still,
the most valuable option might be the right to call the note in 5 years.

EXHIBIT 14.11 
Value of American Option versus European Options



For any given level of yields and yield volatilities, then, there is one
option that is more valuable than all the others. In Exhibit 14.12, which
shows the values of the option to call the note at various points throughout
the note’s life, we find that the most valuable option is the agency’s right to
call the note in 2 years. For this particular setting, then, the agency is most
likely to call the note in 2 years. And because the delta of the agency’s
European-style option to call the note in 2 years is very close to the delta of
the American-style option that comprises all of the agency’s call options
(see Exhibit 14.11), we can hedge the note as if this were the only option
embedded in the note. If we do, our task is to price an 8-year note 2 years
forward, value the embedded option, find its delta, and construct an
appropriate delta hedge along the lines laid out in this note.

EXHIBIT 14.12 
European Call Option Values No Call Protection



As rates rise or fall, one can expect shifts in the most likely call date and
corresponding shifts in the appropriate underlying for the embedded call.
As rates fall, for example, we would find the underlying shifting away from
an 8-year note 2 years forward to a 9-year note 1 year forward. As rates
rise, on the other hand, we find the underlying shifting toward a 7-year note
3 years forward. It is easy enough to adjust the hedges to suit changing
circumstances.

Exhibit 14.13 illustrates the value of call protection. If the agency
provides 5 years of call protection on a 10-year note, for example, it gives
up the most valuable of the call options. The exhibit also shows that the
most valuable of the remaining options is the right to call the note at the 5-
year mark, which is the first possible opportunity. The values of the backup
options trail off fairly quickly. And, because they would come into play
only at very high yields or high implied volatilities, these backup options
can be ignored without doing serious harm to our hedge constructions.



Thus, if the note has enough call protection, the business of hedging the
note is simplified considerably.

EXHIBIT 14.13 
European Call Option Values 5 Years of Call Protection

SOMETIMES STRIPS OF EURODOLLAR FUTURES PROVIDE
BETTER HEDGES
Eurodollar futures offer clear-cut advantages in many cases. They are
especially well suited to hedging notes that have less than 5 years to
maturity or for which the most likely call date is under 5 years. Eurodollar
futures hedges can be easier to maintain in the face of changing yield levels
and changing yield curve slopes. Also, hedging with Eurodollar futures
may offer an added advantage by capturing some of the credit spread
between yields on bullet agency issues and on Treasury notes.

An example of what a Eurodollar hedge for an agency issue would look
like is provided in Exhibit 14.14. The hedge is for $10 million of a 3-year



6.8 percent coupon note callable in 2 years. In this case, the embedded call
is out of the money so that its delta is less than 0.50. As a result, the note
behaves more like a 3-year than a 2-year note. And, for the purposes of this
illustration, one would hedge it by shorting $6.8 million of a 3-year note
and $3.2 million of a 2-year note.

EXHIBIT 14.14 
Hedging with Eurodollar Futures 3-Year Callable Note with 2 Years of Call
Protection

Netting Positions
Exhibit 14.14 provides two different ways of interpreting the hedge that one
would construct using Eurodollar futures. In the left hand part of the
exhibit, we show the number of Eurodollar contracts, by expiration month,
that one would short instead of shorting the bullet issues. The weighted
strip of Eurodollar futures with expirations extending out to March ′98



would capture fully the rate exposure of a short position of $6.8 million of
the 3-year note. The weighted Eurodollar strip with expirations reaching
out to March ′97 would stand in for a short position of $3.2 million of the
2-year note. Adding them together provides the combined strip shown
under the “Net” column.

One could arrive at exactly the same answer by hedging the components
of the note separately. That is, the callable note can be thought of as a 3-
year bullet combined with a 2-year option on a 1-year note, 2 years
forward. In the right-hand part of Exhibit 14.14, we show the hedges for
these two components. To hedge the bullet part of the exposure, we would
short the weighted strip of Eurodollar futures shown in the 3-year bullet
column. The underlying for the embedded option is a 1-year note 2 years
forward. Given the option’s delta, we can offset this delta by buying a strip
of Eurodollar futures beginning with the March ′97 contract and extending
out to include the March ′98 contract. Notice that when we add these two
hedges together, the combined net hedge is exactly the same as the hedge
shown in the left hand part of the exhibit.

Adjusting the Hedges
Exhibit 14.15 shows how Eurodollar futures can simplify the problem of
adjusting to changing market conditions. In this example, to make things
especially interesting, we consider an issue that has no call protection at all.
The left-hand panel shows what the hedge for a 3-year 6.8 percent coupon
note with no call protection would look like at the current level of interest
rates. In this instance, the most likely call date is 1.5 years away and the
Eurodollar futures used to hedge the embedded call begin with the
September ′96 contract.

EXHIBIT 14.15 
Hedging with Eurodollar Futures 3-Year Callable Note with No Call
Protection



Two things happen to the hedge as rates rise or fall. For one thing, the
price sensitivity or DV01 of the bullet component of the agency note
changes—falling as rates rise and rising as rates fall. As a result, if rates
rise 50 basis points, we need fewer contracts to hedge the bullet, and if rates
fall 50 basis points, we need more.

For another thing, the most likely call date and the option delta change.
For example, if rates rise 50 basis points, the most likely call date is
extended to 2 years and the delta declines. If rates fall 50 basis points, the
most likely call date is brought forward to 9 months and the delta increases.
As a result, a change in rates changes both the number and expirations of
the contracts needed to hedge the embedded call options.

Taken together, an increase in rates would increase the hedger’s net short
position by about 5 contracts. As a practical matter, 4 of these 5 would be
sold to increase the hedger’s short position in September ′96 and December



′96. A decrease in rates would reduce the hedger’s short position by about
20 contracts. Most of this adjustment would be made by buying 3 or 4
contracts in each of the contract months from September ′95 through
December ′96, with the remainder made up in later months.

In either case, adjusting the Eurodollar hedge is simpler than adjusting a
cash market hedge, which requires three separate transactions. For example,
if the most likely call date falls from 1.5 years to 9 months, the hedger
would have to reduce the size of the short position in the 3-year bullet,
cover entirely the short position in the 1.5-year bullet, and short a 9-month
instrument. This would almost certainly be more expensive than simply
adjusting the Eurodollar hedge.



CHAPTER 15 
Opportunities in the S&P 500 Calendar Roll

Galen Burghardt and George Panos 
Research note originally released June 7, 1999

SYNOPSIS
Anyone who uses S&P 500 futures to maintain a standing long or short
position in the equity market must face the problem of when to roll out of
the expiring contract month and into a deferred contract month. If futures
were always fairly priced, the roll would hardly be an issue. As it is,
however, the evidence suggests that one can improve a portfolio’s
performance by choosing the best time to do the roll.

Exhibit 15.1 shows three measures of the value of the spread—the
spread itself, the actual spread less the theoretical spread, and the implied
financing rate less the lead Eurodollar rate—against business days
remaining to expiration of the lead contract. The top panel of Exhibit 15.1
shows that the spread between the deferred contract price and the lead
contract price has, over the past 3 years, tended to widen as the lead
contract approaches expiration. The two lower panels show, in different
ways, that the spread has become overvalued in the last days of the expiring
contract’s life.

EXHIBIT 15.1 
Average S&P 500 Futures Calendar Spreads (First Deferred – Lead) versus
Business Days to Lead Contract Expiry 1Q 1996 through 4Q 1998





Save 15 Basis Points per Year on the Roll
This increasing richness of the spread as expiration approaches suggests
that anyone who maintains a standing long position in S&P 500 futures
should undertake the roll as early as possible. In contrast, anyone who
maintains a standing short position should wait as long as possible.

The results in Exhibit 15.1 suggest that one could save as much as 15
basis points annualized by timing the roll correctly. On a $1 billion
position, this would amount to $1.5 million a year, which makes the
problem worth tackling.

Eliminate Interest Rate Risk in the Roll
We also find that much of the risk in the calendar roll comes from changes
in short-term money market rates. At the current level of futures prices, a
10-basis-point change in the lead Eurodollar futures rate produces a 0.33-
point change in the value of the calendar spread. On a $1 billion position,
such a change in rates could produce a gain or loss of about $250 thousand,
which may also be worth dealing with by buying or selling an appropriate
number of Eurodollar futures.

Earn Superior Money Market Returns
For cash managers, the systematic richness in the calendar spread as the
lead contract approaches expiration affords an opportunity to earn above-
LIBOR money market returns with comparatively little risk. In particular, if



a money manager were to combine a long stock position with a short
deferred S&P 500 futures position just before the expiration of the nearby
or lead contract, such a position would promise to yield as much as 15 basis
points over LIBOR.

THE VALUE OF THE CALENDAR SPREAD
The relationship between the spot value of the S&P 500 index and any
futures price is:

where
R is an appropriate money market interest rate
Days is days between the settlement date for a spot transaction in

equities and futures expiration
Div, if handled correctly, is the forward value of expected

dividends (that is, dividends plus interest earned on
dividends) during the period

A similar expression describes the relationship between two futures
prices:

where
   FD is the deferred contract price

    FL is the lead contract price

     Rf is the forward money market rate

Daysf is days between contract expirations

   Divf is the expected forward value of dividends to be received
during the period between contract expirations

Fair Value of the Spread



Armed with this relationship, the value of the spread between two futures
prices can be written as:

which shows that the value of the spread depends on the level of the lead
futures price, the forward financing rate, days in the period, and the value
of forward dividends. If you know the forward financing rate and have a
solid expectation about the value of forward dividends, you can use this
expression to calculate the fair value of the futures spread. The difference
between the market value of the spread and the fair value of the spread
would then be a measure of richness or cheapness in the spread.

Implied Financing Rate
Another way to look at things is to calculate the financing rate implied by
two futures prices. The implied financing rate is:

The difference between this implied financing rate and the rate that one
believes to be the relevant financing rate is another way of judging the
richness or cheapness of the spread. If the implied financing rate is higher
than the relevant market rate, for example, the deferred contract will be rich
relative to the lead contract.

Exhibit 15.2 provides a history of the difference between the implied
financing rate and the value of the rate implied by the corresponding
Eurodollar futures contract. That is, if the implied rate is calculated for the
June and September futures contracts, the rate implied by the June
Eurodollar futures contract is used for purposes of comparison. The
Eurodollar contract expires on the Monday before the third Wednesday of
the contract month, while the S&P 500 futures contract expires on the third
Thursday (for cash settlement on the third Friday) of the contract month.
Thus, the overlap in days is not perfect, but is quite good enough for these
purposes.



EXHIBIT 15.2 
Implied Financing Rate Less Lead ED Rate 1988–1998

The history of this relationship is worth noting. In the late 1980s, the
implied financing rate traded substantially below the corresponding
Eurodollar futures rate. Then, throughout the early 1990s, the implied rate
traded around but generally below the futures rate. During the past few
years, though, the implied financing rate has traded in a fairly narrow range
just above the Eurodollar futures rate.

HOW THE CALENDAR SPREAD HAS BEHAVED
Over the past 3 years (1996 through 1998), the average value of the
calendar spread has tended to widen during the 3 months leading up to the
expiration of the lead futures contract. As shown in the upper panel of
Exhibit 15.1, the value of the spread increased from 8.40 to 9.00 on average
during these months. By itself, the value of the spread tells you nothing
about richness or cheapness. This experience could have been the result of
increasing futures prices or increasing interest rates.

The lower two panels of Exhibit 15.1 show, however, that the tendency
of the spread to increase reflects a tendency for the contract to become rich
as the lead contract approaches expiration. In the middle panel, for
example, we see that when the lead contract has about 3 months (or 60
business days) to expiration, the calendar spread is just about fairly priced.
The difference between the market value of the spread and the theoretical
value of the spread (calculated using a financing rate equal to the rate



implied by the lead Eurodollar futures contract) is about zero. Then, as time
passes, the difference between market and theoretical increases until it
trades between 0.20 and 0.30 index points during the month before the lead
contract expires.

The bottom panel, which shows the difference between the implied
financing rate in the spread and the market financing rate (again, the rate
implied by the lead Eurodollar futures contract), provides a different way of
seeing exactly the same thing. With 3 months to expiration of the lead
contract, the implied and market rates are nearly identical. Then, as the
spread ages, the implied financing rate rises relative to the market rate until
the difference is in the neighborhood of 12 to 16 basis points.

In practice, this increasing richness suggests that anyone who maintains
a standing long position in S&P 500 futures should strive to roll into the
deferred contract month as early as possible. Anyone who maintains a
standing short position, on the other hand, should wait as long as possible
to do the roll.

The increasing richness of the spread also produces opportunities for
those who manage short-term money market portfolios. Because we are
using Eurodollar futures to establish the fair value of the spread, the
evidence in the bottom panels of Exhibit 15.1 suggests that a money
manager could earn LIBOR plus 12 to 16 basis points by selling the rich
deferred contract against a long position in an S&P 500 equity portfolio.

WHAT IS YOUR EXPOSURE TO INTEREST RATES?
Because the fair value of the spread is simply the forward cost of financing
less the forward value of expected dividends, most of the day-to-day
variability in the spread will be explained either by changes in the level of
the lead futures price or in the relevant financing rate. To get an idea of
your exposure to a change in the interest rate, consider this example.

At the close of business on Tuesday, June 1, 1999, the June ′99 S&P 500
futures contract closed at a price of 1291.50. At this value, given 91 days
between the expirations of the June and September contracts, the effect of a
10 basis point change in the financing rate would be worth 0.33 futures
price points [= 1291.50 × 0.0010 × (91/360)], which would be worth about
$82.50 [= 0.33 × $250]. The same change in rates would be worth $250 for
the June ′99 Eurodollar futures contract.



The history of daily changes in Eurodollar rates shown in Exhibit 15.3
helps put this source of risk in perspective. The standard deviation of daily
rate changes over the past 3 years has been about 2.8 basis points, which
would translate into a change in the spread of 0.09 price points. The history
of daily rate changes is dotted with some fairly large moves, however. On
several days the change was as much as 10 basis points, and on at least one
occasion the rate fell 26 basis points on a single day.

EXHIBIT 15.3 
Daily Changes in the Lead ED Futures Rate

Handling Rate Exposure in the Roll
Perhaps the single most important determinant of the lead Eurodollar
futures rate is the market’s expectations about where the Fed will set its
target for overnight Fed funds. As shown in Exhibit 15.4, the Fed changes
its target rate in discreet jumps. The market’s expectations about changes in
the target rate change every day and are reflected in the spread at which
LIBOR trades over the target funds rate.

EXHIBIT 15.4 
Target Fed Funds Rate



The typical spread, as shown in Exhibit 15.5, is about 24 basis points.
The spread is wider if the market expects a rate increase and is narrower if
the market expects a rate decrease.

EXHIBIT 15.5 
Lead ED Futures Rate Less Target Fed Funds Rate (bps)

At the close on Tuesday, June 1, the June ′99 Eurodollar rate was 5.1375
percent, which was 38.75 basis points over the Fed’s target overnight Fed
funds rate of 4.75 percent and about 14 basis points over the normal spread.
At this spread, one can infer that the market’s guess about the probability of
a 25-basis-point rate increase at the June 30 FOMC meeting is slightly
greater than half—that is, about 14 bps/25 bps.

Consider now the problem faced by a portfolio manager who must roll a
long S&P 500 futures position from the June to the September contract. If



anything caused the market to think that a 25-basis-point rate increase
would be a sure thing, the June Eurodollar rate likely would increase by
about 10 basis points and the calendar spread would increase by 0.33 price
points. If this happened before doing the roll, the portfolio manager would
miss out on this increase.

On the other hand, if the Fed made it plain that there would be no rate
increase at its June 30 meeting, the June Eurodollar rate could easily fall by
10 basis points (or more), in which case the value of the calendar spread
would fall by 0.33 price points. If this happened after doing the roll, the
portfolio manager would lose this much from having rolled too early.

The timing of the roll, therefore, is in large part a bet on interest rates. A
portfolio manager who has a superior understanding of interest rates can
outperform the S&P 500 by handling this bet well. At the same time, most
equity portfolio managers are not paid to take interest rate risk and would
prefer to take this kind of risk out of the equation.

Hedging against Interest Rate Risk
The easiest way to hedge against interest rate risk in the calendar spread is
to combine the roll with a Eurodollar hedge. In this example, the portfolio
manager who would like to wait as long as possible to roll a long position
could hedge against the possibility of a rate increase by selling the
appropriate number of lead Eurodollar futures. By the same token, the
portfolio manager who wants to do the roll as early as possible could buy
Eurodollar futures to protect against the possibility of a fall in the interest
rate. In general, the correct number of Eurodollar futures contracts is:

At the current level of futures prices, this is about 0.33 Eurodollar contracts
per S&P 500 contract.

CASH MANAGEMENT AND PORTFOLIO REPLICATION
As a general rule, when one combines a money market investment with a
long futures position to create a portfolio that will replicate a real asset, the



term of the money market investment should correspond as closely as
possible to the expiration of the associated futures contract.

Timing the roll poses a challenge for cash management, then, because
you may want to roll out of one contract month and into the next before the
lead contract expires. If you have matched the maturity of your money
market investment to the lead contract’s expiration, you have two choices
for handling the cash-management problem. The first would be to sell the
asset you have and replace it with one whose maturity matches the
expiration of your new, longer-dated futures contract.

If the secondary market for your money market asset is illiquid,
however, you have another choice, and that is to buy the lead Eurodollar
futures contract. This long Eurodollar futures position will fill in the 3
months of rate exposure that you need until your current asset matures and
you can roll over your investment into a new 3-month asset.

Whatever you choose to do, you cannot avoid having a few days of rate
mismatch. For example, the true value date for an expiring S&P 500 futures
contract is 3 business days after the final settlement value of the contract is
determined. Thus, if you choose a money maturity equal to the final
settlement date for the futures contract, you will have 3 business days of
rate mismatch. Also, if you choose to gain flexibility in your roll strategy
by using the Eurodollar contract to provide you with the rate coverage you
need, you might choose to have the money market asset mature on the
value date for the expiring Eurodollar contract. Since this is the third
Wednesday of the contract month, it would fall 2 days before the final
settlement value of the expiring S&P 500 futures contract. Thus, you might
have as much as 6 days of mismatch in your money market rate exposure.



CHAPTER 16 
Trading the Turn: 1993

Galen Burghardt, Mike Bagatti, and Kevin Ferry 
Research note originally released October 25, 1993

SYNOPSIS
The last time there was any serious pressure on year-end financing rates
was 1986. Even so, the memory lives on, and “the turn” still has an effect
on people’s thinking about the way they finance positions over year end.
Exhibit 16.1, for example, shows a huge change last November in the
spread between the December ′92 and January ′93 LIBOR contracts. Given
the rules of thumb developed in this note, the 60-tick drop in the spread
suggests that the market briefly expected a 500-basis-point increase in the
turn premium.

EXHIBIT 16.1 
LIBOR Futures Calendar Spread December 1992/January 1993



“The turn” is a 2-, 3-, or 4-day period from the last business day of one
year through the first business day of the next. Just how many days the turn
contains depends on where the New Year’s holiday falls and how it is
treated. This year (i.e., 1993), the turn will be unusual because it will be 3
days for some banks and 4 days for others. In the United States, for
example, the turn is just like any other weekend for most U.S. banks. The
Fed wire is open on both Friday, December 31, and on Monday, January 3,
so that any financing done over year end will be done for 3 days. In the
United Kingdom on the other hand, Monday the 3rd is a holiday so that
London banks will have to choose between financing their positions for 4
days and arranging for their U.S. branches (for those that have them) to do
their financing for 3 days over the turn and then for 1 day at the overnight
rate.

The effect of all this on the December LIBOR and Eurodollar contracts
will depend on how banks reconcile these differences. The final settlement
prices of these two contracts will depend on the December 13 values of 1-
month and 3-month LIBOR, which will be quoted by London banks for
whom the turn is a 4-day event. As things now stand, many banks are
quoting both 3-day and 4-day turn rates, and as the distinction between the
two becomes clear to all market participants, competitive forces should
cause the 4-day turn rate to be nothing more than a simple weighted
average of the 3-day turn rate and a regular 1-day overnight rate. In this
note, therefore, we treat the turn as if it is a 3-day event. This seems
compatible with the way banks that are aware of the different holiday
schedules are treating year-end financing.

In any case, people’s understanding of the turn has been sufficiently
clouded by misunderstandings about year-end holiday schedules that
everyone with an interest in the event should take special care when
quoting turn rates and arranging year-end financing.

WHAT IS “THE TURN”?
“The turn” is the period of time between the last business day of the current
calendar year and the first business day of the new year. Because New
Year’s Day is a holiday, the number of days in the turn is at least 2 calendar
days and can be 3 or 4.



Two-Day Turns
The turn lasts 2 days if December 31 falls on a Monday, Tuesday, or
Wednesday. In each of these cases, the next calendar day is a holiday so
that money borrowed on Monday would be paid back on Wednesday, 2
days later. Money borrowed Tuesday is paid back Thursday, and money
borrowed Wednesday is paid back Friday.

Three-Day Turns
This year, the turn lasts 3 days because December 31 falls on a Friday and
the Fed wire is open on both Friday and on the following Monday, January
3. Similarly, if December 31 fell on a Saturday so that January 1 is on
Sunday, the turn likely would last 3 days as well, although the Fed wire
might be closed on Monday. If it were, the turn would last 4 days.

Four-Day Turns
The turn lasts 4 days if December 31 falls on either a Thursday or a Sunday.
In either of these cases, any money borrowed on the last business day of the
year must be kept for 4 days. For example, if December 31 is on Thursday,
money borrowed then is paid back on Monday, the 4th, or 4 days later.
Similarly, if December 31 is on Sunday, money borrowed on Friday the
29th is paid back on Tuesday the 2nd.

Exhibit 16.2 shows a time line of the turn for the end of 1993. The last
business day is Friday, the 31st. A bank looking to borrow overnight funds
on Friday would normally repay those funds the following Monday, which
is the next business day. In this respect, this year’s turn is just like a normal
weekend. New Year’s Day falls on Saturday, and the Fed wire is open for
business as usual on Monday, the 3rd.

EXHIBIT 16.2 
Time Line for the 1993 Turn



Turn financing rates can be obtained both in the forward deposit market
and in the FRA (forward rate agreement) market. At this writing, the
markets are still thin and rate indications seem to depend heavily on the
nationality of the counterparty. For U.S. banks, the turn premium is very
small, while for European and Japanese banks, turn financing rates are
offered around 9 to 10 percent, which implies turn premiums in the
neighborhood of 5 to 6 percent.

RATE BEHAVIOR AROUND THE TURN
The turn has gained notoriety among bankers because of the pressures that
have, in years past, been brought to bear on year-end financing rates. The
source of this pressure is said to be the demand by banks for cash that can
be used to dress up their balance sheets at the end of the calendar year.
Although the Federal Reserve does what it can to accommodate this year-
end increase in demand for liquid balances, and does an excellent job most
of the time, it appears to have misjudged the size of the shift at least twice
since 1984.

As shown in Exhibit 16.3, the turn rate and the average rate around the
turn appear to have been fairly close to one another in most of the past 8
years. In 1984, for example, normal financing rates during the 5 days
before and after the turn were around 8.37 percent. For the turn between
1984 and 1985, the turn rate increased to 8.74 percent, for a turn premium
of 0.37 percent. The “turn ratio,” which is simply the ratio of the turn rate
to the non-turn rate and which we will use later when we examine the effect
of the turn on rate volatility, was only 1.04.

EXHIBIT 16.3 
Fed Funds Behavior around Year-End



At the end of 1985, however, the turn premium was more than 5
percentage points, and at the end of 1986 the turn premium was nearly 7
percentage points. The effect of such large turn premiums on year-end
financing costs must have had a riveting effect on bankers at the time. The
effect of a 7-percentage-point turn premium on the cost of funding $1
billion over year end, even for a turn period as short as 2 days, is $389
thousand. This is serious money in anybody’s book.

Since 1986, realized rate behavior around the turn has been
unremarkable. Even so, the possibility of a large premium still looms large,
and wide swings in the market’s expectations about turn financing rates can
have dramatic effects on forward deposit rates. In late November 1990, for
example, fear of extreme pressure on year-end financing rates greatly
depressed both December LIBOR and Eurodollar futures prices for about a
week.

EFFECTS ON EURODOLLAR AND LIBOR FUTURES PRICES
Because the 1-month LIBOR and 3-month Eurodollar futures contracts that
expire in December settle to deposit rates that span the end of the year,
changes in the turn rate affect the final settlement value of these two
contracts. This year, for example, the December LIBOR and Eurodollar



contracts expire on December 13. The final settlement price of the 1-month
LIBOR contract on that day will be 100 − R1m, where R1m is the 1-month
deposit rate on December 13 for the 34-day deposit period that runs from
Wednesday, December 15, through Tuesday, January 18. (See Exhibit
16.4.) The final settlement price of the 3-month Eurodollar contract will be
100 − R3m, where R3m is the 3-month deposit rate on December 13 for the
90-day period that runs from December 15 through Tuesday, March 15.

EXHIBIT 16.4 
How the Turn Fits In

The relationship between the turn rate and the deposit rates to which the
LIBOR and Eurodollar futures contracts will settle can be determined by
comparing two borrowing transactions. In the first, money is borrowed for
the full term at a term lending rate. In the second, money is borrowed in
three legs—one that runs from December 15 through December 30, one
that runs from December 31 through January 3, and one that runs from
January 4 through the end of the term. Under the first strategy for
borrowing 1-month money, one dollar borrowed on December 15 would
call for

to be repaid on January 18. Under the second strategy, one dollar borrowed
on December 15 would require a repayment of



where Rb, Rt, and Ra are the rates that apply to the days before, during, and
after the turn and where Db, Dt, and Da are the actual number of days in the
periods before, during, and after the turn. For a bank financing a position
over this period to be indifferent between the two strategies, the two
amounts of money must be the same. If we collapse the rates before and
after the turn into a single, non-turn deposit rate, the two strategies cost the
same if

The 3-month term deposit rate can be expressed the same way. The only
difference is that the non-turn rate for the 90-day period would be different
from the non-turn rate for the 34-day period.

To get a sense of how large an effect the turn can have on December
LIBOR and Eurodollar futures prices, suppose first that the turn and non-
turn rates are the same, say 3.50 percent. In this case, both 1-month and 3-
month deposit rates would be (except for a trivial amount of compounding)
3.50 percent. December LIBOR and Eurodollar futures prices would both
be 96.50 [= 100.00 − 3.50].

Suppose now that the turn rate increases 200 basis points to 5.50
percent, while the non-turn rate stays at 3.50 percent. At these rates, and
given the day counts shown in Exhibit 16.4, the 1-month forward deposit
rate for December 13 would be

which is 18 basis points higher than the 1-month forward rate with the turn
rate at 3.50 percent. The 3-month or 90-day forward deposit rate would be



which is 7 basis points higher than the 3-month forward rate with the turn
at 3.50. At these rates, the fair value of the December LIBOR contract
would be 96.32 [= 100.00 − 3.68], and the fair value of the December
Eurodollar contract would be 96.43 [= 100.00 − 3.57]. Thus, the effect of a
200 basis point spread between the turn and non-turn rates is to decrease
the fair value of the December LIBOR contract by 18 basis points and the
fair value of the December Eurodollar contract by 7 basis points.

Although the effect of any given turn/non-turn rate spread on the fair
value of the December LIBOR and Eurodollar futures contracts depends to
some extent on the actual number of days in the forward periods and on the
level of rates, we have what we need for excellent working rules of thumb.

Rule of Thumb for a 4-Day Turn
With a 4-day turn, the effect of each 100-basis-point increase in the spread
between the turn and non-turn forward deposit rates is a 12-tick decrease in
the fair value of the December LIBOR contract and just over a 4-tick
decrease in the fair value of the December Eurodollar contract.

Rule of Thumb for a 3-Day Turn
With a 3-day turn, the effect of each 100-basis-point increase in the spread
between the turn and non-turn forward deposit rates is a 9-tick decrease in
the fair value of the December LIBOR contract and just over a 3-tick
decrease in the fair value of the December Eurodollar contract.

Rule of Thumb for a 2-Day Turn
With a 2-day turn, each 100-basis-point increase in the spread between the
turn and non-turn forward deposit rates reduces the fair value of the
December LIBOR contract by about 6 ticks and the fair value of the
December Eurodollar contract by just over 2 ticks.

These rules of thumb are borne out by Exhibit 16.5, which shows the
effect of various rate spreads on the fair value of both the December



LIBOR and Eurodollar futures contracts given a 3-day turn. For example, if
the non-turn forward deposit rate were 3 percent and the turn rate were 9
percent, the effect of the 600-basis-point spread would be a 53-tick
reduction in the fair value of the December ′93 LIBOR futures contract.
The same spread would produce a 20-tick reduction in the fair value of the
December ′93 Eurodollar futures contract. Because the effect of the turn
rate is roughly proportional to the length of the turn, the effects of these rate
spreads on the fair values of the LIBOR and Eurodollar futures contracts
given 2-day and 4-day turns can be determined easily enough from the
figures shown in Exhibit 16.5.

EXHIBIT 16.5 
Effect of Turn Rate on the Fair Values of Dec ′93 LIBOR and Eurodollar
Futures Prices (3-Day Turn)

Implied Turn Rates
With these rules of thumb, it is easy to get a reading on the spread between
turn and non-turn rates by looking at the pattern of rates implied by the 1-
month LIBOR contracts, which have serial expirations extending out 6
months at any one time. On September 13, for example, there were 1-
month LIBOR futures with expirations ranging from October 1993 through
March 1994, not counting the expiring September 1993 contract. Exhibit
16.6 shows the strip of 1-month forward deposit rates implied by their
September 13 settlement prices. The effect of the turn on the pattern of
rates stands out clearly in this exhibit. The 1-month deposit rate for the



November contract, which spans the period from mid-November to mid-
December, was 3.16 percent. The 1-month deposit rate for the January
contract, which spans the period from mid-January to mid-February, was
3.27 percent. In between, the 1-month deposit rate for the December
contract was 3.69 percent, which was about 47 basis points higher than the
3.22 percent that the surrounding rates would suggest for a 1-month
December deposit rate.

EXHIBIT 16.6 
Implied 1-Month Forward Deposit Rates September 13, 1993

From this 47-basis-point differential, we can determine the spread
between turn and non-turn financing rates that is implied by the LIBOR
futures contract. Using the rule of thumb that each 100 basis points in the
spread reduces the fair value of the December LIBOR contract by about 9
basis points, the 47-basis-point differential that we see in the December
contract implied a spread of just over 500 basis points between the turn and
non-turn rates.

This implied rate spread can be compared easily with the spreads quoted
in the forward deposit market as a way of comparing the pricing of the turn
in the two markets. If you find, for example, that the implied turn rate
differential is larger than the actual, then you know that the December
LIBOR contract is cheap relative to cash.



IMPLICATIONS FOR FUTURES SPREADS
Because the turn rate affects both the December LIBOR and Euro-dollar
futures contracts, it affects the values of several key futures spreads
including the:

December LED Spread
In this spread, you are long the LIBOR contract and short the Eurodollar
contract. Given the rule of thumb for a 3-day turn, each 100-basis-point
increase in the turn premium translates roughly into a 6-tick decrease in the
value of this spread. Thus, the December LED spread is about 30 ticks
lower than it would be if the turn premium were zero.

December/January LIBOR Spread
In this spread, you are long the December and short the January LIBOR
contracts. Because the turn premium affects only the December contract,
each 100-basis-point increase in the turn premium is worth about 9 ticks in
this spread. As shown in Exhibit 16.6, this spread is 47 or so ticks lower
than it would be if there were no turn premium.

December/March Eurodollar Spread
Here you are long the December and short the March Eurodollar contracts,
and with a 3-day turn, each 100-basis-point increase in the turn premium
decreases the value of this spread by about 3 ticks.

December TED Spread
In this spread, you are long the 3-month December Treasury bill contract
and short the December Eurodollar contract. Because you are short the
Eurodollar contract, each 100-basis-point increase in the turn premium
increases the value of this spread by about 3 ticks.

One can work out similar implications for the Nov/Dec/Jan LIBOR
butterfly and for the December/March TED tandem as well.

Of the various spreads, the December/January LIBOR spread is one of
the better vehicles for trading the turn because the effect of the turn
premium on the December contract price is both large and fairly direct, and
the calendar risk in the trade is about as small as it can be without actually



trading the cash deposits themselves. If the turn premium falls to zero by
the time the December LIBOR contract expires on the 13th, a long position
in the spread would gain 47 ticks, or $1,175 per spread. Exhibit 16.7 shows
how this spread behaved last year, and Exhibit 16.8 shows how the spread
has performed so far this year.

EXHIBIT 16.7 
LIBOR Futures Calendar Spread December 1992/January 1993

EXHIBIT 16.8 
LIBOR Futures Calendar Spread December 1993/January 1994



The dangers in this spread are three. One is that the turn rate is not
realized until 2 or 3 weeks after the December contract expires. A second is
that there is considerable fluctuation in the market’s perception of the turn
premium throughout the months leading up to the end of the year. A third is
that you are exposed to a flattening of the near-term yield curve.

The other spreads may be less attractive for trading the turn premium,
but the effect of the turn on these spreads certainly cannot be ignored when
evaluating trades that involve them. The December TED spread, for
example, as well as the December/March TED tandem, are greatly
influenced by the turn premium. With an implied turn premium of around
500 basis points, December Eurodollar futures trade 15 ticks or so lower
than they would without the turn. Thus, we know that about 15 ticks of the
current December TED spread can be attributed to the turn.

By the same token, the December/March Eurodollar calendar spread is
15 ticks lower than it would be without the turn.

EFFECT OF THE TURN ON LIBOR AND EURODOLLAR
VOLATILITIES



Uncertainty about financing rates over the turn is an additional source of
volatility for the 1-month and 3-month deposit rates to which the December
LIBOR and Eurodollar futures contracts will settle. The focus of this
section is on how best to determine the effect of turn-rate volatility on the
volatilities for options on December LIBOR and Eurodollar futures.

The biggest hurdle to reckoning the effect of turn-rate volatility on
LIBOR and Eurodollar volatilities is the problem of how to represent turn-
rate volatility. The few observations that we have on the turn, which are
shown in Exhibit 16.3, suggest fairly strongly that turn rates are not
lognormally distributed. With so few observations, however, we only have
what we think are two reasonable guides to choosing an alternative
distribution. The first is that the size of the turn rate premium should be
related to the level of interest rates. The second is that the chance of getting
a huge turn premium should be fairly large even though most turn
premiums will be close to zero.

One way to satisfy the first reasonableness check is to allow the ratio of
the turn rate to the non-turn rate to be the random variable so that the turn
premium is directly proportional to the level of rates. For example, a
turn/non-turn ratio of 1.5 would produce a turn rate of 9 percent if base
rates were 6 percent. If the base rate were 3 percent, the turn rate would be
4.5 percent. The turn premium in the first case would be 3 percent, while
the turn premium in the second case would be 1.5 percent.

We can satisfy the second reasonableness check by allowing the
behavior of the ratio of turn to non-turn rates to be described by the gamma
distribution, which has fat enough tails to allow for a comparatively high
number of very large outcomes.

Using this approach, we can simulate the distribution of the 1-month and
3-month deposit rates that span the turn using various levels of volatility for
non-turn rates and for the turn/non-turn ratio. From these simulated
distributions, we can determine the effect that turn-rate volatility should
have on the volatility of the December 1-month LIBOR and 3-month
Eurodollar futures contracts. The results of these simulations are shown in
Exhibits 16.9 and 16.10.

EXHIBIT 16.9 
Add-on Turn Volatility Premium 3 Percent Forward Rate



EXHIBIT 16.10 
Add-On Turn Volatility Premium 6 Percent Forward Rate

Theoretical Turn Volatility Premiums
How much is turn-rate volatility worth for options on December LIBOR
and Eurodollar futures? The results shown in Exhibits 16.9 and 16.10
suggest that it should be fairly small. Consider the case in which

• The volatility (i.e., standard deviation) of the turn/non-turn ratio is 45
percent

• Forward deposit rates are around 3 percent
• The base rate volatilities of 1-month LIBOR and 3-month Eurodollar

rates are 25 percent
• The turn period lasts 4 days
As shown in Exhibit 16.9, the contribution of volatility in the turn rate

would add 1.49 percent to the volatility of the December LIBOR futures
contract, and 1.17 percent to the volatility of the December Eurodollar
futures contract. The contribution is smaller for lower levels of volatility.
And, at any given set of volatilities, the contribution is smaller for a 2-day
turn than for a 4-day turn.



The effect of turn-rate volatility is higher if the level of non-turn interest
rates is higher. This is shown in Exhibit 16.10, where everything is the
same as in Exhibit 16.9 except that the level of non-turn rates is 6 percent
rather than 3 percent. At this level of rates, we reckon that the effect of 45
percent volatility in the turn/non-turn ratio combined with 25 percent base
rate volatility is an increase of 2.52 percent in December LIBOR and 2.21
percent in December Eurodollar volatility for a 4-day turn.

SO WHAT?
These results may not seem very exciting at first glance because they
cannot shed much light on whether December LIBOR or Eurodollar
options are rich or cheap. They can be a powerful tool, however, in
evaluating spread trades between December LIBOR and Eurodollar
options.

For instance, even in the extreme case with rates at 6 percent, turn ratio
volatility at 45 percent, base rate volatility at 25 percent, and a 4-day turn,
the effect of turn-rate volatility on the difference between LIBOR and
Eurodollar volatilities would only be about 0.3 percent (the difference
between 2.52 and 2.21 as shown in Exhibit 16.10). In less extreme cases,
and with a 3-day turn, the effect would be smaller.

Also, we find that the spread between the historical volatilities of the
December LIBOR and Eurodollar contracts over the past 2 years has
actually been around zero to slightly negative. The dotted lines in Exhibits
16.11 and 16.12 show historical volatility spreads for 1991 and 1992.
Exhibit 16.13 shows that the historical LED volatility spread has been
below zero for the December 1993 contracts as well.



EXHIBIT 16.11 
LED Volatility Spreads December 1991 Contracts

EXHIBIT 16.12 
LED Volatility Spreads December 1992 Contracts



EXHIBIT 16.13 
LED Volatility Spreads December 1993 Contracts



Now contrast the theory and the evidence, both of which point to a small
volatility spread, with the spread between the implied volatilities for
LIBOR and Eurodollar options. In 1991 and 1992, and again in 1993, the
options market has paid a hefty premium for the LED volatility spread. The
average implied volatility spread in 1992, for example, was about 4.5
percent. At this writing, the LED volatility spread for the December 1993
contracts is trading around 7 percent, which is far more than is warranted
by either the theory or the evidence.

We view this as an opportunity to take advantage of an apparent
mispricing. For example, to sell December 1993 LIBOR volatility and buy
December 1993 Eurodollar volatility, on September 20, 1993, one could
have:

• Sold 100 December 96.25 LIBOR straddles at 37 ticks per straddle,
and sold 3 December LIBOR futures to make the position delta
neutral.

• Bought 106 December 96.50 Eurodollar straddles at 25 ticks per
straddle, and bought 4 December Eurodollar futures to make the
position delta neutral.

Thus, the spread position could have been established for a net credit of
about 12 ticks per straddle or 1,050 ticks for the position.

A position like this would have some interesting and desirable
characteristics. First, because the spread is long the low-volatility options
and short the high-volatility options, the net position provides a rare
opportunity to be long gamma and to have time decay work in your favor at
the same time.

The Risks in the Trade
As shown in both Exhibits 16.11 and 16.12, the implied LED volatility
spread is highly variable. Thus, even though the additional premium paid
for LIBOR volatility seems not to be justified by either the theory or the
evidence, a position that is short LIBOR volatility and long Eurodollar
volatility can produce large swings in a trader’s P/L from day to day. Also,
a sharp increase in the turn rate can be costly for anyone who is short
LIBOR volatility. In late November 1990, for example, such a spike in the



turn rate increased the 20-day historical volatility spread to around 14
percent.

Even so, there are two ways the trader can make money on the trade.
The first is a collapse in the implied volatility spread so that it accords more
closely with what it should be. This is far and away the most satisfactory
outcome because it avoids the need to actually work for a living by
managing the position until the December expiration of the options.

If the implied volatility spread does not collapse, the trader can still
make money if the realized difference between December LIBOR and
Eurodollar volatilities proves to be less than 7 percent. In this case, if the
position is properly managed, the trader can profit from the relatively
higher time decay that would be taken in on the LIBOR options than would
be paid out on the Eurodollar options.



CHAPTER 17 
The Turn: An Update

Chapter 16 reproduces the research note:
• Trading the Turn (1993)

To help traders keep an eye on the market’s view about the turn, we created
the “Eurodollar and LIBOR Turn Report,” shown in Exhibit 17.1. This
report shows by year how much the December contract is out of line, how
many days there are in each year’s turn, and what the distortion implied for
a turn premium in the year-end Fed funds rate.

EXHIBIT 17.1 
Eurodollar and LIBOR Turn Report





In the particular example shown here, the turn distortions are
comparatively small by historical standards, and so are the turn premiums.
For that matter, on September 10, 2002, the distortion for the Dec ′02
contract appeared to be negative. For the rest of the December contracts,



the futures rate distortions are all 2+ basis points, implying Fed funds
premiums of anywhere from 44 basis points (Dec ′06) to 116 basis points
(Dec ′07).

HEDGING THE STUB
The period between today and the first available futures contract’s
expiration has become known as the stub, and the term financing rate that
covers this period is called the stub rate. Any trade or hedge that combines
spot commodities with futures is exposed to stub rate risk. One way to
offset this risk is to borrow or lend in the term money market to create
offsetting interest rate exposure. The best available futures solution
employs the Fed funds futures that are traded at the Chicago Board of
Trade. These contracts are especially well suited to hedging very short-term
money market risk—first, because Fed funds rates track term repo rates
well, and second, because the contracts settle to averages of realized Fed
funds rates, so there is very little slippage.

The “Stub Hedges” report, shown in Exhibit 17.2, was designed for
clients who want to use futures rather than term repo to hedge their stub
rate exposure. In the example provided here for the close of business on
September 10, 2002 (trade date of September 11, 2002), you can see
examples of various spot commodities traded against different futures. For
example, the stub for a Treasury bond or note hedged with Eurodollar
futures was 6 days, and the appropriate hedge for this risk would be 6 Sep
′02 Fed funds futures. For a spot equity position hedged with S&P equity
futures, the stub period was 99 days, and the stub hedge would comprise 20
Sep ′02 contracts, 21 Oct ′02 contracts, 20 Nov ′02 contracts, and 12 Dec
′02 contracts.

EXHIBIT 17.2 
Stub Hedges 
Using CBOT Fed Funds Futures





PART FOUR 
Building Blocks: Eurodollar Options

Calls and puts on Eurodollar futures have provided highly effective tools
for trading the yield curve and hedging interest rate and interest rate
volatility risk. The Chicago Mercantile Exchange began offering options on
Eurodollar futures in 1985. The first options listed for trading were
structured so that they expired when their underlying futures contracts
expired. They were, as a result, designed to behave like the individual legs
of interest rate caps and floors.

Over the years, the CME has filled in the menu of options that can be
traded by listing options that expire months or years before their underlying
futures contracts expire. One can, for example, trade serial options on a
September futures contract that expire in July or August as well as the
quarterly option that expires in September. Thus, one can trade 1-month, 2-
month, and 3-month options on a rate that is 3 months forward.

Also, one can trade mid-curve options. For example, one can trade
options on the Sep ′04 futures contract that expire in September 2002 and
September 2003 in addition to the option that expires in September 2004.
These mid-curve options have proven especially useful for those who want
to take limited risk positions on the level and shape of the forward rate
curve and for those who want to hedge convexity exposure and over-the-
counter Treasury options.

The material in part 4 is intended for those who know something already
about options in general but who want to know about Eurodollar options in
particular.1 With this in mind, we will cover:

• Option contract specifications and grid of available options
• Price, volatility, and risk parameter conventions
• Caps, floors, and Eurodollar options
• Structure and patterns of Eurodollar rate volatilities
• Practical considerations



The section on Eurodollar rate volatilities is especially important for
Eurodollar option traders because it provides useful insights into the term
and maturity structures of volatility and the shapes of distributions of
Eurodollar rate changes.



CHAPTER 18 
The Eurodollar Option Contract

Eurodollar option contracts were listed by the Chicago Mercantile
Exchange in March 1985. The first options had quarterly expirations and
expired on the same date as their underlying futures contract. Over time, the
CME has added serial options, mid-curve options, and options on the 5-
year bundle. Eurodollar options trade on the Exchange floor and
electronically through GLOBEX.

The purpose of this chapter is to introduce Eurodollar options by
covering the:

• Grid of available option expirations and underlyings
• Contract specifications

OPTION EXPIRATIONS AND UNDERLYING FUTURES
The owner of a Eurodollar call option has the right, but not the obligation,
to buy the underlying Eurodollar futures contract at the option’s strike price
on or before option expiration. Similarly, the owner of a Eurodollar put
option has the right, but not the obligation, to sell the underlying Eurodollar
futures contract at the option’s strike price on or before option expiration.
Because Eurodollar options can be exercised prior to or at expiration, they
are American-style options.

We further distinguish Eurodollar options based on their underlying
futures contract. This provides us with four types of options:

• Standard quarterly options
• Serial options
• Mid-curve options
• Five-year bundle options

Standard Quarterly Options
Eight standard quarterly options are available for trading at any given time.
These options expire in the March, June, September, and December cycle.



The underlying futures contract has the same expiration date as the option.
So, for example, the standard Sep ′02 option is on the Sep ′02 futures
contract.

Exhibit 18.1 shows a grid of available options along with their
underlying futures contracts as of the close on June 17, 2002. The standard
quarterly options are shown on the diagonal from the Sep ′02/Sep ′02 box
to the Jun ′04/Jun ′04 box.

EXHIBIT 18.1 
Grid of Available Options June 17, 2002, Close of Trading

Serial Options
Two standard serial options are listed, also. Serial contract months are those
that fall outside of the March, June, September, and December cycle. Serial



options have expirations in January, February, April, May, July, August,
October, and November. The underlying futures for these options are the
following quarterly futures contract. For example, Exhibit 18.1 shows that
the Jul ′02 and Aug ′02 serial options are on the Sep ′02 futures contract.

Mid-Curve Options
Traders use mid-curve options to trade short-dated options on longer-dated
futures. The four quarterly 1-year mid-curve options expire 1 year before
their associated futures. For example, as shown in Exhibit 18.1, the 1-year
mid-curve option that expires in Dec ′02 is on the Dec ′03 futures contract.

There are two serial 1-year mid-curve options. The underlying futures
contract for each option is 1 year away from the quarterly futures contract
that follows the option expiration. So, the Aug ′02 1-year mid-curve option
is on the Sep ′03 futures contract (see Exhibit 18.1).

Two-year mid-curve options also allow traders to trade short-term
options on longer-term futures. There are four quarterly 2-year mid-curve
options. The associated futures contract expires 2 years after the option
expiration.

Five-Year Bundle Options
There are two quarterly and two serial 5-year bundle options. These options
give their owners the right to buy, if a call, or sell, if a put, the 5-year
futures bundle beginning with the first available quarterly futures contract.
Five-year bundle options trade only on the Exchange floor, not
electronically.

OPTION CONTRACT SPECIFICATIONS1

The Eurodollar option contract specifications are described below and
summarized in Exhibit 18.2.

EXHIBIT 18.2 
Eurodollar Option Contract Specifications





Contract Unit
An option to buy, in the case of a call, or an option to sell, in the case of a
put,

• One Eurodollar futures contract—for standard, serial, and mid-curve
options

• One 5-year futures bundle—for 5-year bundle options

Price Quote
Bids and offers are quoted in IMM (International Monetary Market) index
points. For example, a quote of 0.35 represents an option price of $875 [=
35 basis points × $25/basis point].

Tick Size
The basic tick size is 0.01 (or 1 basis point, often represented by bp). The
dollar value of a tick is $25. The dollar value of a tick on the 5-year bundle
option is $500 [= $25 × 20 contracts].

Minimum Fluctuation



The minimum fluctuation for an option depends on its type (standard, 1-
year mid-curve, 2-year mid-curve, or 5-year bundle); on whether it is a
quarterly or serial option; and on where the option falls in the quarterly or
serial cycle. The minimum fluctuation varies from 0.0025 (one-quarter tick)
to 0.01 (one tick) based on these factors. See Exhibit 18.2 for details.

Strike Price Increments
Option strike or exercise prices are usually in increments of 0.25, although
strikes of 0.125 are possible for options that are near expiration. For the
nearest options in the March quarterly cycle and the two nearest options not
in the March quarterly cycle having the same underlying futures contract,
0.125 strikes shall be listed beginning on the Exchange business day
following the expiration of the spot month options in the March quarterly
cycle. For the nearest options in the March quarterly cycle and the two
nearest options not in the quarterly cycle 1-year mid-curve options, and the
nearest options in the March quarterly cycle 2-year mid-curve options,
0.125 strike prices shall be listed beginning on the Exchange business day
following the expiration of the last contract month in the same listing cycle.

When an option begins to trade, the Exchange establishes the strike
range of available options. The Exchange adds additional exercise prices up
or down as the futures market rises or falls. For options on 5-year bundles,
the strike prices are based on the average price of the futures contracts in
the bundle.

Listed Contract Months
All option types, with the exception of the 2-year mid-curve option, trade
both quarterly and serial expirations. Two-year mid-curves have quarterly
expirations only. The breakdown is shown in Exhibit 18.3.

EXHIBIT 18.3 
Number of Standard, Serial, Mid-Curve, and Bundle Option Contracts



Contract Type and Month Symbols
Each Eurodollar option contract is identified by type and by the month and
year of expiration. Exhibit 18.4 shows the symbols used by the CME for
each option type and Exhibit 18.5 shows the symbols for each contract
month. For example, the 2-year mid-curve option that expires in December
2002 would be designated by E2Z2. The 1-year serial mid-curve option that
expires in August 2002 would be designated by E0Q2.

EXHIBIT 18.4 
Option Type Symbols

EXHIBIT 18.5 
Contract Month Symbols



Sample Option Quotes
Bloomberg makes use of the contract month symbols in its option quote
screen. For example, in Exhibit 18.6, October 2002 call and put prices are
displayed next to the symbols 0EV2C and 0EV2P. Note that Bloomberg
uses 0E, rather than E0, to designate the 1-year mid-curve contract.
Bloomberg also uses 2E, rather than E2, to designate the 2-year mid-curve.

EXHIBIT 18.6 
October ′02 1-Year Mid-Curve Option Prices



Trading Hours
Eurodollar options trade on the floor of the CME from 7:00 a.m. to 2:00
p.m. Chicago time. Standard and mid-curve options trade on GLOBEX
Monday through Thursday, 2:13 p.m. to 7:04 a.m. the following day and
Sunday from 5:30 p.m. to 7:04 a.m. the following day. Five-year bundle
options do not trade on GLOBEX.

Last Trading Day
Standard quarterly options terminate trading at the same date and time as
their underlying futures contracts. This means that the options stop trading
at 11:00 a.m. London time on the second London bank business day
immediately preceding the third Wednesday of the contract month. This is
5:00 a.m. Chicago time, except when daylight savings time is in effect in
either, but not both, London or Chicago.

Serial options, mid-curve options, and 5-year bundle options all
terminate at the close of trading on the Friday preceding the third
Wednesday of the contract month.

Exercise of Option



The owner of a call or put may exercise the option on any business day that
the option is traded. An option that is in the money at the termination of
trading, and has not been liquidated or exercised prior to the termination of
trading, is exercised automatically at 7:00 p.m., unless the Clearing House
receives instructions to the contrary.

Assignment
After long options have been exercised, parties who are short the options
are “assigned.” This assignment is done by random selection of clearing
members with short positions in the appropriate options. The clearing
member assigned an exercise notice shall be assigned a short futures
position, in the case of a call, and a long futures position, in the case of a
put. Assignment of the futures position is done at the option’s strike price;
the futures position is then marked to market.



CHAPTER 19 
Price, Volatility, and Risk Parameter Conventions

Early on in the life of options on Eurodollar futures, the market gravitated
to the idea of thinking about the volatility of the underlying futures rate but
quoting the options in terms of price. Thus, the price of a Eurodollar option
depends on the distribution of the underlying rate, and the volatilities are
quoted as relative rate volatilities. But an option’s strike or exercise price
refers to the underlying futures price.

PRICING OPTIONS ON FUTURES
The list of inputs or assumptions required to price an option on a futures
contract is shorter than it is for options on spot commodities. With options
on spot commodities, one typically needs three pieces of information for
the model to calculate the forward price—the spot price, a financing
interest rate, and a convenience yield of some sort (e.g., coupon, dividend,
deposit rate, etc.). With options on futures, the futures price is the
underlying price and is used in lieu of the forward price. Thus, when
pricing options on futures, the list of inputs includes:

• Strike price
• Underlying futures price
• Volatility
• Time to expiration
• Discounting interest rate

where the discounting interest rate is used only to calculate present values.
Consider an example of pricing Sep ′02 Eurodollar calls and puts on the

Sep ′02 futures contract on June 17, 2002. The futures price settled at
97.895 on that day, so we will use the 98.00 strike calls and puts in this
example, with the calls slightly out of the money and the puts slightly in the
money. The discounting interest rate used was 1.879 percent for all of the
theoretical calculations. Price and risk information for these options is
provided in Exhibit 19.1.



EXHIBIT 19.1 
Pricing Sep ′02 Eurodollar Options Closing Values, June 17, 2002 Futures
= 97.895; Discounting Interest Rate = 1.879%

OPTION PRICE (MARKET)
The 98.00 call settled at 0.0625, while the 98.00 put settled at 0.1675. In
money, the price of the call would be $156.25 [= 0.0625 × $2500 = 6.25
ticks × $25/tick], and the price of the put would be $418.75 [= 0.1675 ×
$2500 = 16.75 ticks × $25/tick].

VOLATILITY
Volatility is used to characterize the variability of the underlying futures
contract. It is one of the key inputs to an option pricing model, as shown in
Exhibit 19.2. Without volatility in the underlying market, options would
have no value apart from their intrinsic or exercise value.

EXHIBIT 19.2 
Option Pricing Model Assumed Volatility → Theoretical Price



Volatility usually describes the underlying instrument’s relative price
changes. In the Eurodollar futures market, however, volatility represents the
variability of rate, rather than price, changes. The market quotes volatility
on an annualized basis and typically as a percent. In mathematical terms,
volatility is defined as the annualized standard deviation of relative rate
changes, which are calculated as the natural log of the ratio of one day’s
rate to the previous day’s rate. Conventional option pricing models assume
—correctly or not—that these relative rate changes are normally distributed
and that rate changes are lognormally distributed. Exhibit 19.3 shows a
normal distribution of rate changes plotted against a lognormal distribution.
Notice that the lognormal curve is bunched on the left and skewed to the
right.

EXHIBIT 19.3 
Distribution of Rate Changes



Relative Rate Volatility
Estimates of Eurodollar rate volatilities are based on one-day relative rate
changes. A one-day relative rate change is calculated as the natural log of
the ratio of today’s futures rate to yesterday’s futures rate, which is
approximately equal to the one-day change in rates divided by the starting
rate. See Equation 19.1 for this approximation.

EQUATION 19.1 
One-Day Relative Rate Change

where

Rt is the implied futures rate at time t
Ln is the natural log mathematical function

By convention, volatility represents an annualized standard deviation of
daily price or rate changes. In the Eurodollar options market, volatility is



quoted as the annualized standard deviation of daily relative rate changes.
As shown in Equation 19.2, our practice is to assume that we know the
theoretical mean of rate changes (we assume μ = 0 without much worry)
and so we divide by the total sample size n. The standard deviation of daily
rate changes is then multiplied by the square root of the number of trading
days in the trading year. We have some latitude in choosing this number
because the number of trading days in a year is somewhat arbitrary. For the
sake of writing out Equation 19.2, we have used 256 because it is between
250 (a 52-week working year with a couple of weeks off) and 260 (no time
off) and because its square root is 16, which is easy to work with in
numerical examples.

Given this approach to measuring Eurodollar volatility, a change in the
futures rate from 2.105 percent to 2.205 percent would be 0.0464 [= Ln
(2.205/2.105), which is approximately equal to 0.10 percent/2.105 percent],
or 4.64 percent. This would annualize to a number like 74.26 percent [=
4.64 percent X 

EQUATION 19.2 
Annualized Volatility

where
σ is annualized volatility
Rt is the implied futures rate at time t
µ is the theoretical mean
Ln is the natural log mathematical function
n is the number of daily changes in the sample period
256 is the approximate number of trading days in a year

Rate (Basis Point) Volatility
Although it is more common to discuss Eurodollar volatility in terms of
relative rate changes, there is a growing body of evidence that supports the



idea of working with simple arithmetic rate changes. (See chapter 25,
“What Happens to Eurodollar Volatility When Rates Fall?” for more on this
point.) These arithmetic changes may be referred to as normalized rate
changes or basis point rate changes. Either way, a 1-day rate change is
simply the difference in two interest rates as shown in Equation 19.3.
Equation 19.3 also shows the relationship between rate changes and relative
rate changes.

EQUATION 19.3 
One-Day Rate Change

Period Volatility
Because volatility is expressed as an annualized standard deviation, it is
often useful to be able to scale it down to suit shorter trading horizons. For
one thing, most traders have to mark their books to market at least once a
day, so an annualized volatility means nothing. For another, most traded
options expire in less than a year, so an annualized standard deviation is
really beside the point.

To transform an annualized volatility into a shorter period standard
deviation is easy. For example, we can convert an annualized volatility into
a 1-day standard deviation by simply undoing the annualizing that was
done in the first place. Equation 19.4 shows how this is done. For example,
if annualized Eurodollar rate volatility is quoted as 24 percent, the 1-
business-day standard deviation or volatility will be 1.5 percent [= 24
percent . This 1-day volatility or standard deviation is
especially useful when evaluating an option trade’s profits and losses. As
shown in chapter 21, “Structure and Patterns of Eurodollar Rate Volatility,”
a 1-standard deviation change in the underlying rate is just enough for the
effects of gamma to offset the effects of theta.



EQUATION 19.4 
Calculate Period Standard Deviations from Annualized Volatility

where

σ is annualized volatility 
Dayst is the number of trading days in the period
256 is the approximate number of trading days in a year

We can use the same approach to calculate a longer period volatility. The
only difference is that we divide the annualized standard deviation by the
square root of the number of periods of that length in the trading year. For
example, if we wanted to calculate the 1-week value of 24 percent
volatility, we would get something like 3.35 percent 

, which is percent roughly the equivalent of
dividing 24 percent by the square root of the number of weeks in the year.

Once we know how to calculate a standard deviation for any time
period, it is easy to find basis point volatility over the same period. We can
get to basis point volatility by multiplying period volatility times the futures
rate, as shown in Equation 19.5.

EQUATION 19.5 
Basis Point Volatility over Time Period t

Basis point volatilityt = σt × Rt

where

σt is the standard deviation for time period t

Rt is the futures rate at time t



IMPLIED VOLATILITY
Implied volatility is the level of volatility that sets the theoretical option
price equal to the market option price. It is a measure of how volatile the
futures rate is expected to be over the remaining life of the option. If we
input a market option price to the option pricing model, the model returns
an implied volatility, as illustrated in Exhibit 19.4.

EXHIBIT 19.4 
Option Pricing Model Market Price → Implied Volatility

We will now interpret the implied volatilities for our 98.00 strike call
and put options. The implied volatilities were 26.238 percent and 26.337
percent, respectively, which are the results of finding theoretical call and
put prices that would equal their market prices. These volatilities are
relative interest rate volatilities rather than the relative price volatilities.
With an implied futures rate of 2.105 [= 100.000 − 97.895], a relative rate
volatility of 26.238 percent would correspond to an annualized rate
volatility of 0.552 [= 0.26238 × 2.105], or 55.2 basis points.

RISK PARAMETERS
Risk parameters are used to describe an option’s sensitivity to market or
time changes. The risk parameters delta, gamma, vega, theta, and rho are
summarized in Exhibit 19.5 and described in detail below.



EXHIBIT 19.5 
Summary of Risk Parameters

Application of Risk Parameters 
For Small Changes in Market Conditions

Delta
An option’s delta is the approximate change in the option’s price given a
small increase in the underlying price. The delta of the 98.00 call, which is
slightly out of the money with futures at 97.895, is 0.324 and is shown in
Exhibit 19.1 as positive. With this delta, if the underlying futures price were
to increase 10 ticks, the call price would increase approximately 3.24 ticks
[= 0.324 × 10 futures ticks]. The 98.00 put’s delta is shown as −0.673,
which indicates that if the underlying futures price were to increase 10
ticks, the put price would fall approximately 6.73 ticks [= –0.673 × 10
futures ticks].

Notice that even though the driving force behind the options is the
variability of interest rates, the option is still on the future’s price rather
than the rate, and the options’ deltas are defined in terms of changes in the
underlying Eurodollar futures price.



Gamma
Gamma is the change in the option’s delta given a change in the underlying
futures price. It is always positive for a long option. The 98.00 call has a
gamma of 1.297. With a 10-tick increase in the futures price from 97.895 to
97.995, the call’s delta increases from 0.324 to 0.4537 [= 0.324 + 0.10 ×
1.297]. This makes sense because the call is closer to the money at the
higher futures price. The 98.00 put has a gamma of 1.296. With a 10-tick
increase in the futures price, the put’s delta becomes less negative as it
changes from –0.673 to –0.5434 [= –0.673 + 0.10 × 1.296]. The higher
futures price makes the put less in the money.

Vega
Vega is the increase in the option’s price given a 1-percentage-point
increase in volatility. In this case, if volatility were to increase from 26.238
percent to 27.238 percent, the call’s price would increase by 0.00378. The
put’s sensitivity to a change in implied volatility is almost exactly the same.
The units of vega are price points.

Theta
Theta measures the rate at which the option’s price falls with the passing of
time. With a theta of −0.000542, a 5-day passage of time would cause the
call option’s price to fall by about 0.00271 [= 0.000542 × 5]. The units of
theta are price points.

Notice that the theta of the put is ever so slightly smaller (in absolute
value) than it is for the call. This is because the passing of time has two
effects on the price of an option. One is a fall in the value of the option
because the passing of time reduces the range of things that can happen to
the underlying rate by the time the option expires. The other is an increase
in the present value of the option because the discounting horizon is
growing shorter. This is a comparatively small effect in most cases, but
because the put’s price is larger than the call’s price, the present value effect
is larger. As a result, the net rate of time decay for the put is slightly smaller
than it is for the call.

Rho



Rho measures the effect of a change in the financing or discounting interest
rate on the price of the option. With options on spot commodities, a change
in this rate affects the option’s price for two reasons. First, if one is holding
the spot price of the commodity fixed, an increase in the financing rate will
increase the commodity’s forward price and will, as a result, increase the
price of a call and decrease the price of a put. Second, an increase in the
interest rate decreases all present values. As a result, if the option is priced
to be paid in cash, then an increase in the discounting interest rate will
reduce the option’s price.

With options on futures, you increase this rate while assuming that the
futures price is fixed. Thus, the only thing that can happen is that the
present value of the option, and hence its price, falls. This is true both for
the call and for the put. As shown in Exhibit 19.1, the call option’s rho is
−0.00000157, while the put option’s rho is −0.00000421. The put’s rho is,
in absolute terms, larger than the call’s rho because the put’s price is higher
than the call’s and so, as a result, are any present value effects.

Generally, in our own risk reports, we omit values for rho because they
tend to be very small relative to those for delta, gamma, vega, and theta.

Intrinsic and Time Value
The option’s time value is its price net of any exercise or “intrinsic” value.
The call option is out of the money so its entire price of 0.0625 is time
value. The put is 0.105 points in the money, so its time value is also 0.0625
[= 0.1675 − 0.1050].



CHAPTER 20 
Caps, Floors, and Eurodollar Options

Eurodollar options are the exchange-traded counterparts to interest rate
caps and floors, which are traded over the counter. An interest rate cap,
which pays the holder if LIBOR is above the cap rate at the rate setting date,
is akin to a Eurodollar put, and an interest rate floor, which pays if the
reference rate is below the floor rate, is like a Eurodollar call. Exhibit 20.1
shows the comparison between the exchange-traded and over-the-counter
products.

EXHIBIT 20.1 
Cap and Eurodollar Put; Floor and Eurodollar Call



The usual cap or floor comprises a sequence of “caplets” or “floorlets.”
That is, a cap is a sequence of single options whose payoff cover periods
shorter than the life of the cap. For example, a 2-year cap with quarterly
resets would comprise a sequence of 7 options, each of which depends on
the value of 3-month LIBOR on the day the option expires. Thus, the first
caplet in a 2-year cap traded in June 2002 would expire in September and
would pay off or not depending on whether 3-month LIBOR on the rate
setting date was greater than the cap rate. The seventh caplet would expire
in March 2004 and would depend on the value of 3-month LIBOR then.
Exhibit 20.2 illustrates this 2-year cap.

EXHIBIT 20.2 
Rate Setting on a 2-Year Cap

From a pricing standpoint, there are three main differences between
over-the-counter caps and floors and exchange-traded Eurodollar options.
First, caps and floors tend to be European-style options, while Eurodollar
futures options are American-style options. Second, the nominal payoff to a
cap or floor depends on the days in the interest calculation period, while the
nominal payoff to a Eurodollar futures option is a fixed $25 per basis point.
Third, the holder of a cap or floor usually is paid in arrears—that is, at the
end of the interest calculation period—while the holder of a Eurodollar
option collects at option expiration.

The differences and similarities in payoffs for a cap and a Eurodollar put
are illustrated in Exhibit 20.3. The conditions under which the two pay off
are identical as long as the strike price on the Eurodollar put is set equal to
100 less the cap rate and as long as the reference rate for the cap is 3-month
LIBOR. If LIBOR is less than or equal to the cap rate at expiration, the
futures price will be greater than or equal to its strike price, and both
instruments will pay nothing.



EXHIBIT 20.3 
An Interest Rate Cap is Like a Eurodollar Put Put Strike Price = 100 − Cap
Rate

On the other hand, if LIBOR exceeds the cap rate at expiration, the
holder of the cap collects an amount equal to

at the end of the interest calculation period. The holder of the Eurodollar
put would receive

$2500[Exercise price ≫ Futures price]

on the day the option expires.

Exhibit 20.4 provides a comparison of the prices of Eurodollar puts and
the component legs of a 2-year interest rate cap struck on June 17, 2002.
The futures rates used in this exhibit were the implied Eurodollar futures
rates at the close of business on June 17, and the implied volatilities (not
shown) were market implieds. The cap rate was set at 3.50, which was
roughly in the middle of the futures rate curve, and the Eurodollar put strike
was set at 96.50 [= 100.00 − 3.50]. For simplicity, the caplets have been
arranged so that their rate-setting dates fall on Eurodollar futures expiration
dates, and all caplet periods in this example contain 91 days. All option
prices are expressed in Eurodollar option terms. To find the dollar value of
any one option, simply multiply its value by $2,500.



EXHIBIT 20.4 
Comparing Eurodollar Puts to an Interest Rate Cap 
June 17, 2002

The Eurodollar put prices are shown under the column labeled
“American.” We also have valued the options as European style. For the
full strip of puts, the value of early exercise that goes with the American-
style options was 0.10637 [= 4.30934 − 4.20297]. The cap prices are
simply the European put prices scaled by (91/90)/(1 + Rate (91/360)),
which increases the payoff to reflect the 91 days in the caplet periods and
decreases the payoff to reflect the fact that the cap holder gets the money at
the end of the 91 days rather than on the expiration or rate setting date. A
close comparison of the caplet prices with the European-style put prices
shows that the day-count influence is greater for the shorter-dated caplets,
while the discounting influence is greater for the longer-dated caplets.

The cap prices in Exhibit 20.4 are expressed in IMM, or Eurodollar
futures options, terms for the sake of comparison. The convention for
interest rate caps, however, is to quote the premium as a total dollar value
or as a percentage of the notional amount if the structure is non-amortizing.



CHAPTER 21 
Structure and Patterns of Eurodollar Rate Volatility

A large part of the challenge in trading Eurodollar options correctly is in
understanding the way volatility is viewed and the way Eurodollar futures
rate volatilities behave. We have noted already that the Eurodollar options
market thinks about rate volatility rather than price volatility. And we have
noted briefly the difference between relative rate volatility and basis point
volatility. In this section, we fill in more of the volatility picture with
discussions of:

• Historical, implied, realized, and break-even volatilities
• Term structure of Eurodollar rate volatility
• Maturity structure of volatility (volatility cones)
• Volatility skews and implied rate distributions

Some of these topics deal with peculiarities of the Eurodollar market, and
some deal with options markets in general.

HISTORICAL, IMPLIED, REALIZED, AND BREAK-EVEN
VOLATILITIES
The market looks at volatility in different ways to help it gain information
about options and the underlying market. Here, we explain four different
types of volatility—historical, implied, realized, and break-even—and show
how they can be used to construct and interpret option trades. Exhibit 21.1
provides a summary description for each of the four volatilities.

EXHIBIT 21.1 
Summary: Historical, Implied, Realized, and Break-even Volatilities



Whether an option proves to be rich or cheap depends to a large extent
on whether the volatility realized over the option’s remaining life is less
than or greater than the option’s implied volatility at the time it is bought or
sold. Our experience with interest rate volatility, as shown in Exhibit 21.2,
is that it can vary widely over time. We have seen periods of very high
volatility as the Eurodollar market responds to crises such as the stock
market crash of 1987, the conflict with Iraq in the early 1990s, and the
terrorist acts of September 11, 2001. We have also seen periods of
comparative quiet. The 1990s, for the most part, were a period of generally
low and falling interest rate volatilities.



EXHIBIT 21.2 
Implied versus Historical Eurodollar Volatility Lead Contract, 1984 through
2002

As Exhibit 21.2 shows, implied rate volatilities tend to track historical
volatilities fairly closely, although there are extended periods during which
implied volatilities are either higher or lower than actual volatilities
observed in the market. Such periods represent opportunities to buy cheap
options or sell rich options, and the trader who has an aptitude for
understanding and forecasting volatility will have an edge in this kind of
trade.

As a rule, an option pays its way as an option if realized volatility equals
an option’s implied volatility. This rule applies to short trading horizons and
is simply an extension of the theoretical work that went into the derivation
of the original option pricing models. To apply this rule in practice, you
need to be able to translate the annualized terms in which volatilities are
measured and quoted into business-day terms. And to do this, you need use
only the square of time rule. As an example, consider the Sep ′02 option on
the Sep ′02 futures contract on June 17, 2002. At the close of trading, its
implied volatility was 55 annualized basis points. If, as a rule, we suppose
there are 256 business days in a trading year (an arbitrary but good



assumption), this would translate into  basis points
per trading day. The general rule for translating annualized volatilities into
shorter period volatilities is shown in Equation 21.1.

EQUATION 21.1 
Calculate Period Standard Deviations from Annualized Volatility

where

       σ is annualized volatility

Dayst is the number of trading days in the period

   256 is the approximate number of trading days in a year

The trader who buys this option will find that the benefits associated
with the positive gamma will just offset the costs associated with the rate of
time decay if the underlying rate changes 3.4375 basis points, either up or
down. If the underlying futures rate changes more than this, the trader will
earn more from gamma combined with realized volatility than he has paid
through time decay. See Exhibit 21.3 for an illustration of the break-even
volatility.

EXHIBIT 21.3 
Break-even Volatility



This break-even condition belongs in that small collection of things
about finance that are amazing but true. It is surprising that textbook
authors rarely make much out of this relationship, which is at the heart of
option pricing theory and should be part of every option trader’s tool kit.
Gamma and theta are both functions of implied volatility, and their
functional relationships are such that this break-even rule always works.
You can satisfy yourself that the rule works by verifying Equation 21.2,
which is simply the break-even or zero profit condition for a short trading
horizon assuming no change in implied volatility. For help with the
mathematics, see John C. Hull, Options, Futures, and Other Derivatives,
5th ed. (Upper Saddle River, N.J.: Prentice Hall, 2003).

As an aside, it is worth noting that this break-even rule is important for
everyone who trades options, including those who use options to take
directional positions. In Exhibit 21.3, the choice is between 2 long at-the-
money call options (with an approximate delta of 1.00) and 1 long futures
contract (with a delta of exactly 1.00 by definition). As the exhibit shows,
the option trade will outperform the futures trade if the market delivers
more volatility than the option market expected (as measured by implied
volatility). The option trade will under perform the futures trade, however,
if realized volatility is less than implied volatility. Thus, even directional
traders who use options necessarily trade volatility at the same time.



EQUATION 21.2 
The Relationship between Gamma, Theta, and Realized Volatility

where
  γ is gamma, θ is theta, and both are functions of implied

volatility
σR is the change in the futures rate
 σt is the amount of time passed over the trading period

 σRImplied is scaled to the length of the trading period

TERM STRUCTURE OF EURODOLLAR RATE VOLATILITY
One key feature of Eurodollar futures rate volatility is that it varies
systematically with time to futures expiration. Exhibit 21.4 illustrates this
relationship for both basis point volatility (upper panel) and relative rate
volatility (lower panel). In both cases, the measure of volatility has been
normalized so that the value for the 20th contract is 1.00. Thus, if
annualized basis point volatility for the 20th contract were 95 basis points
per year, we would set this value equal to 1.00. Having done this, if
annualized basis point volatility for the 4th contract were 114 basis points
per year, we would set this value equal to 1.20 [= 114/95].

EXHIBIT 21.4 
Normalized Historical Eurodollar Basis Point Volatility 1994 through 2002



These volatility structures provide three general lessons about futures
(and forward) rate volatilities. First, futures rate volatility is greatest for
contracts with 1 to 2 years to expiration. Second, futures rate volatility
tends to be lowest for contracts that are about to expire. Third, from 3 years
to 10 years to expiration, there is very little, if any, difference in rate
volatilities. Basis point rate volatilities are nearly constant across the
maturity spectrum from 3 years on out. And relative rate volatility appears
to be lower only because the forward rate curve tends to be upward sloping.

We can see this pattern of rate volatilities in the structure of implied
volatilities shown in Exhibit 21.5. Notice, in particular, the implied basis
point volatilities at which options expiring in Sep ′02 were trading at the
close on June 17, 2002. All 3 options have 3 months left to expiration and
hence reflect the market’s idea of how volatile their underlying rates will be
over those 3 months. Their underlying rates reflect points on the futures
rate curve that are a year apart. The Sep ′02 futures contract expires in 3
months, the Sep ′03 contract in 15 months, and the Sep ′04 contract in 27
months. It makes sense, then, that these three options imply volatilities of
55 basis points, 150 basis points, and 129 basis points respectively.

EXHIBIT 21.5 
Basis Point Implied Volatilities for At-the-Money Call Options 
June 17, 2002



Normalized Historical Eurodollar Relative Rate Volatility 1994
through 2002

Volatility Calendar Spread Trade
This time-varying feature of Eurodollar rate volatility opens up several
possibilities for traders. A regular staple, for example, has been a volatility
calendar spread trade in which one goes short options in one contract month
and goes long options in the next contract month. For example, one might
sell Jun ′03 options on the Jun ′03 futures contract at an implied basis point
volatility of 133.3 and buy Sep ′03 options on the Sep ′03 futures contract
at an implied basis point volatility of 133.1. Three months later, if the



structure of implied volatilities remains unchanged, implied volatility in the
Jun ′03 options will have fallen to an implied volatility of 120.8 basis
points, while implied volatility in the Sep ′03 options will be more or less
unchanged at 133 basis points. The volatility spread will have widened
from 0 to 12 basis points. Carried another 3 months, the spread could widen
out to almost 38 basis points [= 120.8 − 93.0].

Such a position if done on a vega-weighted basis1 will tend to profit
from the tendency of implied volatility in the nearby contract month to fall
faster than implied volatility in the next longer-dated options.

Yield Curve Trade
The maturity structure of volatility also affords interesting possibilities for
those who might use options for yield curve trades. For example, Sep ′02
options on the Sep ′02 and Sep ′03 futures contracts are trading at implied
basis point volatilities of 55 and 150 basis points respectively. As a result, a
trader could have sold options on the Sep ′03 contract at nearly 3 times the
cost of buying options on the Sep ′02 contract. The difference in the two
prices, even if warranted by the volatilities of the underlying rate, affords
an opportunity for someone with a view on the slope of the curve between
Sep ′02 and Sep ′03. For example, if you think the curve will steepen, you
can get an edge by selling calls on the longer-dated contract and buying
calls on the shorter-dated contract. On the other hand, if you think the curve
will flatten, you can sell puts on the longer-dated contract and buy puts on
the short-dated contract.

For a more complete discussion of these trading possibilities, see chapter
23, “Trading with Serial and Mid-Curve Eurodollar Options.”

MATURITY STRUCTURE OF VOLATILITY (VOLATILITY
CONES)
To get a sense of whether options are rich or cheap, option traders will
compare the implied volatilities at which options are trading with historical
volatilities. This is more easily done with over-the-counter options than it is
with exchange-traded options because of the way the two markets handle
expirations.

Exchange-traded options have fixed expiration dates (e.g., March, June,
Sep, or Dec), while the over-the-counter option markets offer options with



fixed times to expiration (e.g., 1 month, 3 month, etc.). Thus, it is easy to
do a running comparison of implied and historical volatilities in the over-
the-counter market because one can plot time series of 1-month implied and
historical volatilities and know that like is being compared with like.

In the exchange-traded market, however, histories of implied volatilities
reflect ever-decreasing forecasting horizons. For example, on June 17,
2002, options scheduled to expire in September had 3 months remaining to
expiration. The volatility forecasting horizon for these options was the next
3 months, and the trader would want to compare these implieds with a
distribution of 3-month historical volatilities. One month later, in July, the
Sep ′02 options had only 2 months left to expiration, so the trader would
want to compare their implieds with a distribution of 2-month historical
volatilities. And so on.

To handle this challenge, we devised what have become known
generally as “volatility cones,” which provide a graphic representation of
the distribution of historical volatilities for different times to expiration.
Against this backdrop, we can trace the history of implied volatilities as
options age and see at a glance whether options appear to be rich or cheap
in light of recent experience with actual historical volatilities.2

Examples of volatility cones for Eurodollar options are shown in Exhibit
21.6, which provides an analysis of the standard Sep ′02 and Dec ′02
quarterly Eurodollar options, and Exhibit 21.7, which provides an analysis
of the Sep ′02 and Dec ′02 mid-curve options, for which the underlying
futures were the Sep ′03 and Dec ′03 contracts.

EXHIBIT 21.6 
Volatility Cones and Histograms Sep ′02 and Dec ′02 Quarterly Eurodollar
Options 
June 17, 2002



EXHIBIT 21.7 
Volatility Cones and Histograms Sep ′02 and Dec ′02 1-Year Mid-curve
Eurodollar Options 
June 17, 2002



In these exhibits, the cone-shaped figures represent the maximum and
minimum historical volatilities estimated using data from the previous 2
years. The middle line represents the average. To construct these figures,
we have estimated historical volatilities for every period ranging from 1
month to 1 year and posted the highest and lowest estimates for each set.
We have then overlaid two at-the-money implied volatility histories—one
for the option closest to expiration (the solid line) and one for the option
next closest to expiration (the dashed line). Because time to expiration
increases from left to right on the horizontal axis, time passes from right to
left. The left-most value for each of the implied volatility histories
represents the at-the-money implied volatility for the two option contract
months on the day the cone is drawn.

Thus, in both exhibits, the end of the solid line represents Sep ′02
options, which had 3 months (shown as 90 days) to expiration on June 17,
and the end of the dotted line represents Dec ′02 options, which had 6
months to expiration on June 17. The left-hand panel provides the analysis
in terms of relative rate volatilities, while the right-hand panel is shown in



terms of basis point volatilities. Both cone diagrams have been augmented
by a histogram that shows the actual distribution of historical volatilities for
a horizon that matches the time to expiration of the shortest-dated option. In
this example, the volatility histograms show the distribution of 91-day
Eurodollar volatilities over the previous 2 years and make it easy to see
how the current market value of implied volatility stacks up against its
recent history.

These two exhibits provide examples of richness and cheapness that
would be useful to traders and hedgers. For example, notice that both the
Sep ′02 quarterly and mid-curve options traded at volatilities that were
either at the upper end of the cone, or even outside of the cone, when they
had 9 months or so to expiration. Since these options now have 3 months
left to expiration, the options would have been rich in December 2001.
Also, notice that implied basis point volatility for the Sep ′02 quarterly
option is trading in the neighborhood of 50 annualized basis points. In the
histogram, we can see that 50 basis points falls almost at the extreme left of
the 91-day basis point histogram.

The shape of the cones reflects a reality about volatility that is obvious
to every option trader: the range of volatilities that a market can deliver
over short periods is far wider than is possible over longer periods. It is
perfectly plausible that a market can be explosive for a few days or more,
or completely dead for a few days or more, but it is less likely that a market
can sustain a fever pitch of volatility for months on end or remain flat for
months at a time. As designed, the cones provide the historical perspective
on volatility that traders need to make decisions about buying and selling
options with various times to expiration.

VOLATILITY SKEWS
The standard option pricing model assumes that volatility is constant and
that price or rate changes are distributed according to some well-defined
distribution—often a lognormal distribution. The options market, on the
other hand, is more likely to price options according to the way it thinks
volatility really behaves over time and the way changes are really
distributed.

One result of plugging market option prices into a standard option
pricing model is that options at different strike prices trade at different
implied volatilities. Exhibits 21.8 and 21.9 provide examples of what is



known broadly as “volatility skews.” The options chosen for this example
were the Sep ′02 Eurodollar puts and calls at the close of June 17, 2002. On
that day, the Sep ′02 futures price closed at 97.895, so strike prices of 97.75
and 98.00 were right around the money. Implied volatility for the calls and
puts trading at these strikes was about 25.75 percent. Options trading at
strikes above or below these levels produced implied volatilities that were
all higher than the at-the-money implieds, and in some cases substantially
higher.

EXHIBIT 21.8 
Implied Volatilities—Sep ′02 Quarterly Eurodollar Options 
June 17, 2002 Sep ′02 Futures = 97.895

EXHIBIT 21.9 
Implied Volatility Skew—Sep ′02 Quarterly Eurodollar Options 
June 17, 2002 
Sep ′02 Futures = 97.895



It is worth noting that for options that are well away from the money,
implied volatility calculations can be highly unreliable. For example, the 66
percent implied volatilities for the calls with strikes of 96.00 and 99.00
shed little if any light on the market’s perceptions of yield volatility. Rather,
the vegas of the options are very small because they are so far away from
the money. And because the vega is very small, any small distortion in the
price is amplified. In this case, the difference between 53.7 percent implied
volatility for the 96.00 put and 65.9 percent implied volatility for the 96.00
call is probably worth less than a tick.

IMPLIED RATE DISTRIBUTIONS
Rather than calculating implied volatilities for options at different strikes,
one can extract from the options’ market prices a sense of just what the
market thinks the distribution of futures rates looks like. An option price
can be thought of as the product of two things—the probability that an
option will end its life in the money and what the option is worth if it ends
up in the money. In a risk-neutral world, then, one can infer from an
option’s price the market’s best guess about the likelihood or probability
that the underlying futures rate will be above or below any given value.



If we construct the implied distribution for Sep ′02 futures rates from the
June 17 call and put option price data, the result is the histogram drawn in
Exhibit 21.10. For purposes of comparison, we have overlaid two
theoretical distributions on the implied histogram. One represents a
lognormal distribution of rates, while the other represents a normal
distribution of rates. Both have been drawn so that their means and standard
deviations are the same as those of the implied distribution.

EXHIBIT 21.10 
Implied Distribution of Futures Rates from Market Option Prices Sep ′02
Futures = 97.895 
June 17, 2002

Visual inspection of the implied distribution suggests it has fatter tails
than either of the theoretical distributions. It is also more tightly bunched
toward the center. From that, one concludes that the implied distribution
exhibits excess kurtosis.



CHAPTER 22 
Practical Considerations

If you trade options on Eurodollar futures, there are two practical
considerations that will help you avoid losing money. The first is the
question of when to exercise an option on a futures contract early. The
second is the problem of differences in expiration dates for the standard
quarterly options on the one hand and serial and mid-curve options on the
other.

EARLY EXERCISE
Eurodollar futures options are American-style options and can be exercised
before they expire. The early-exercise principle for options on futures
generally is simply this: once an option is trading at intrinsic value and has
a delta of 1.00, the long should exercise the option. This rule is symmetrical
and is true for both calls and puts.

The basic rationale for this rule is simple. The option ties up real cash
while the underlying futures contract does not, because futures margin
accounts earn interest. Thus, faced with two instruments that exhibit the
same delta (1.00 or −1.00), the trader prefers the instrument that ties up the
least cash. And this is the futures contract. Thus, the option holder exercises
the option, takes the futures position, and frees up the cash.

Those who have learned about options by studying stock options (and
this is nearly everyone, including my MBA students at the University of
Chicago) sometimes have a hard time grappling with the early exercise
rules in the futures. The early exercise rules for options on futures are very
different from those for options on physical securities or commodities. With
options on stocks, bonds, or foreign currencies, both the option and the
underlying tie up cash. With options on futures, only the option ties up
cash. Moreover, the underlying stock, bond, or currency spins off a
dividend, coupon, or interest payment, while a futures contract does not. As
a result, one can have asymmetrical early exercise rules under which one
would never exercise a call on dividend paying stocks but might well
exercise in-the-money puts.



CASH SETTLEMENT AND EXERCISE
Eurodollar options that expire on the same day as their underlying futures
contracts are, for all practical purposes, cash settled. These are the standard
quarterly options such as the Sep ′02 option on the Sep ′02 futures contract,
both of which expire on September 16, 2002. The Chicago Mercantile
Exchange’s rules provide for the automatic exercise of all in-the-money
options at 7 p.m. on the last day of trading. For example, if you are long a
call option that is in the money, the exchange’s clearing house
automatically will assign you a long futures position at the call’s strike
price. But then the exchange will convert your long futures position into
cash (since the futures contract expires that day, too) by crediting you with
an amount equal to the difference between the futures final settlement price
and the strike price (multiplied by $2500). Thus, although the options are
exercised in principle, they are cash settled in practice.

Exchange rules also provide for the automatic exercise of in-the-money
serial, mid-curve, and 5-year bundle options at expiration unless
instructions are received to the contrary. These options expire on the Friday
preceding the third Wednesday of the contract month. The practice of
exercising options automatically places an interesting burden on the person
with a long option position at expiration. The Exchange’s understanding of
whether an option is in the money at expiration depends on the value of the
underlying futures price(s) at the close of trading Friday at 2:00 p.m.
Chicago time. If a piece of news released after the 2:00 p.m. close causes
interest rates to rise or fall, an option that was in the money at 2:00 p.m.
may be out of the money later in the afternoon. To avoid exercising options
that are now out of the money, the long option holder must issue
instructions through his clearing member not to exercise options that had
been in the money at the close of trading.

All of this means that you must have someone who can watch the
market after futures trading closes on expiration Fridays and who has the
authority to issue exercise (or non-exercise) instructions. You should keep
in mind, too, that your deadline with your clearing broker will be earlier
than the 7:00 p.m. deadline set by the Exchange.



PART FIVE 
Eurodollar Option Applications

This section provides three research notes that deal with aspects of trading
or hedging with Eurodollar options.

TRADING WITH SERIAL AND MID-CURVE
EURODOLLAR OPTIONS (Chapters 23 and 24)
The first note, “Trading with Serial and Mid-Curve Eurodollar Options”
(chapter 23), is a guide to the rich variety of trading opportunities that
opened up when the Chicago Mercantile Exchange decided to list short-
dated options on longer-dated Eurodollar contracts. Serial and mid-curve
options are really the same thing but with different horizons. In both cases,
the option expires before the underlying futures contract. Thus, it is
possible to trade options that expire in 1, 2, or 3 months on futures that
expire 1 or 2 years later. These options make it possible to hedge or spread
against over-the-counter Treasury options. They also open up the
possibility of using options to trade the slope and shape of the futures rate
curve.

WHAT HAPPENS TO EURODOLLAR VOLATILITY WHEN
RATES FALL? (Chapters 25 and 26)
The research note “What Happens to Eurodollar Volatility When Rates
Fall?” (chapter 25) was the result of watching implied Eurodollar rate
volatilities skyrocket when Eurodollar futures rates fell dramatically in
2000 and 2001. At issue here is the question of whether basis point
volatility or relative rate volatility is more stable. One of the really
interesting conclusions of this note is that there has been no obvious
relationship between basis point volatility and the level of rates. That is, it
seems as if the standard deviation of futures rate changes, when expressed
in basis points, was just as high when rates were 2 percent as when rates
were 8 percent. As a result, all of our ideas of the richness and cheapness of



Eurodollar options, when based on implied relative rate volatilities, were
useless. This led us to revise our volatility cones to show historical and
implied basis point volatilities for Eurodollar options. An example of our
new report is provided in “Eurodollar Volatility: An Update” (chapter 26),
which compares volatility cones for relative and basis point rate volatility.

HEDGING CONVEXITY BIAS (Chapter 27)
The final chapter is “Hedging Convexity Bias” (chapter 27), whose purpose
was to find a workable Eurodollar options hedge for the volatility exposure
that swap dealers have when they hedge their swap book with Eurodollar
futures. This challenge posed two problems. For one, swap traders with
Eurodollar futures hedges are worried about rate volatilities for horizons up
to 5 or 10 years, while most Eurodollar options expire within 2 years. For
another, the “greeks” of the two positions respond differently to a change in
the horizon. The gamma of a conventional option decreases with time to
expiration while the “gamma” of a swap/futures position increases with the
maturity of the swap. This note presents, however, a workable and
inexpensive hedge solution that swap traders can use to protect themselves
against losses when implied volatilities are high and are threatening to fall.



CHAPTER 23 
Trading with Serial and Mid-curve Eurodollar Options

Galen Burghardt and Scott Lyden 
Research note originally released June 22, 1998

SYNOPSIS
Serial and mid-curve Eurodollar options have been available at the Chicago
Mercantile Exchange (CME) for a number of years. These options, which
expire anywhere from 1 month to 2 years before their underlying futures
contracts expire, open up whole new realms of trading opportunities,
which, until recently, went largely unexploited owing to a lack of liquidity.
Lately, however, trading volume and liquidity have picked up noticeably, as
more and more traders have recognized that these options enable them to
achieve exposures never before attainable with exchange-listed options.
The main distinguishing feature of these options is that they provide high-
gamma, high-theta vehicles for trading various segments of the futures or
forward rate curve. This note explains some of the many uses for these
products.

The array of options available for trading on March 25, 1998, is shown
in Exhibit 23.1. Option expirations are displayed along the top with futures
expirations along the side. The options are labeled using the names by
which they are identified on the CME floor. March 25 closing bid and
offered implied volatilities appear in parentheses below each option’s name.

EXHIBIT 23.1 
Quarterly, Serial, and Mid-curve Eurodollar Options



Eurodollar Strategy Triangle
The pivotal option for much of what professional traders are doing with
these options is the “short June” option, an option that is based on the June
′99 futures contract but that expires in June ′98. This option creates a
triangle of trading opportunities. You can, for example, use the June ′98 and
short June options to trade the slope of the yield curve and take advantage
of the term structure of Eurodollar volatilities. Or you can use the short
June and red June options to take advantage of different rates of time decay
in the two options. In addition, you can use options along the hypotenuse of
the triangle to ride the Eurodollar volatility curve.

FOMC and Other Volatility Trades



Short-term serial options such as April ′98 and May ′98, both of which are
on the June ′98 futures contract, provide excellent vehicles for trading
short-term views on Federal Reserve policy. A number of traders are drawn
to off-diagonal trades using short March (a March ′99 option on a March
′00 futures contract) and red September (a September ′99 option on a
September ′99 futures contract) to produce long-term positions with an
interesting mixture of gamma, vega, and theta.

Spreads against OTC Treasury Options
Mid-curves also make good spreading vehicles for OTC Treasury options.
Changes in the underlying rates for the short June and green June mid-
curves—the June ′99 and June ′00 futures rates, respectively—are highly
correlated with changes in term Treasury yields on 2-year and 3-year notes.
OTC Treasury options that expire in 1 to 3 months can be spread against
corresponding mid-curves with comparable times to expiration.

LIFFE Joins the Crowd
The CME’s success with serial and mid-curve options has prompted LIFFE
to adopt a similar approach. On May 15, 1998, LIFFE has joined the crowd
by listing serial and quarterly mid-curve options on their 3-month money
market contracts including the Euro, Euromark, Eurolira, and Short
Sterling.

THE FULL CONSTELLATION OF EURODOLLAR OPTIONS
The Chicago Mercantile Exchange has been filling in a matrix of options
on Eurodollar futures that provides a wealth of option-trading opportunities
at the short end of the curve. The full range of choices is illustrated in
Exhibit 23.1, which shows the option expirations from left to right across
the top and the underlying futures expirations from top to bottom at the left.

Notice just how rich the set of choices is. In addition to the standard
quarterly options, you have serial options and mid-curve options as well.

Standard Quarterly Options
There are six standard quarterly contract months listed on any given day.
Each quarterly option expiration corresponds to the expiration of the
underlying futures contract, so you have June ′98 options on the June ′98



futures contract, September ′98 options on the September ′98 futures
contract, and so on out to September ′99.

Serial Options
Near-term gaps between quarterly options are filled by monthly serial
options that expire before their underlying quarterly futures expire. Notice
along the top row of Exhibit 23.1 that there are April ′98 and May ′98
options on the June ′98 futures contract. Unlike the June ′98 option on the
June ′98 futures contract, which expires on a Monday morning along with
its underlying futures contract, the serial options expire on Fridays and
require you to make or take delivery of the underlying futures contract if
the option is exercised. These are not cash-settled options.

Mid-curve Options
Six quarterly mid-curve options are currently available for trading. The
unique thing about these options is that they expire 1 or 2 years before their
underlying futures expire. For example, you can trade a June ′98 option for
which the underlying is the June ′99 futures contract. This particular option
is identified in Exhibit 23.1 as “short Jun,” the name by which it is known
on the CME floor. Also notice that you can trade a June ′98 option on the
June ′00 futures contract. This is a 2-year mid-curve option, identified in
Exhibit 23.1 as “green Jun.” Thus, you have three options that expire in
June ′98 with underlying futures contracts spread out at 1-year intervals
along the futures rate curve. You also have short September and green
September at this writing.

Serial 1-Year Mid-curve Options
The CME also lists hybrids of serial and mid-curve options. Notice, for
example, that you can trade an April ′98 option on the June ′99 futures
contract. This option is identified as “short Apr” in Exhibit 23.1. You also
can trade the short May option, which is a May ′98 option on the June ′99
futures contract. Who knows? In time, the CME may list serial 2-year mid-
curve options as well.

THE BEAUTY OF THIS DESIGN



In the old days (the 1980s), you were limited mainly to trading Eurodollar
options that expired at the same time as their underlying futures contracts.
Thus, if you wanted to use these options to trade the slope of the short end
of the futures curve, the trade would have an unusual mix of gamma, theta,
and vega. As shown in Exhibit 23.2, short-dated options that are at or near
the money are relatively rich in gamma and theta while relatively poor in
vega. Thus, with a yield curve trade, you would necessarily be long (or
short) gamma and short (or long) vega.

EXHIBIT 23.2 
Vega, Gamma, and Theta 
At-the-Money Call

The enlarged menu of Eurodollar contracts enables you to trade options
expiring at the same (or nearly the same) time on different parts of the
curve. The great thing about this arrangement is that you can use options
with very similar gamma, theta, and vega characteristics to trade the slope
of the yield curve.

As a bonus, you can trade options with different expirations on the same
underlying futures contract. Thus, you can do some interesting volatility
calendar trades that were not possible before.

THE EURODOLLAR STRATEGY TRIANGLE



To get an idea of how these trades work, consider three possibilities that lie
along the sides of the highlighted triangle in Exhibit 23.1. One possibility,
captured by June/short June along the left leg of the triangle, uses options
with the same or nearly the same expirations on Eurodollar futures
representing different parts of the curve. This is a yield curve trade with an
interesting volatility spin. A second possibility, captured by short June/red
June along the bottom leg of the triangle, uses options with different
expirations but the same underlying futures contract. This kind of trade
captures differences in time decay. A third possibility, captured by
March/red June along the hypotenuse of the triangle, uses different
expirations on different underlying futures to ride the volatility curve.

June/Short June (A Yield Curve Spread)
Suppose you think the yield curve is going to steepen. The June ′98 futures
contract is trading at 94.33, which implies a rate of 5.67 percent. The June
′99 futures contract is trading at 94.18, which implies a rate of 5.82. The
calendar spread is only 15 basis points and is trading near the low end of
the range for the spread between the lead and the first “red” futures.

Instead of simply buying June ′98 futures and selling June ′99 futures,
you might buy the 94.375 June ′98 call on the June ′98 futures contract and
sell the 94.25 June ′98 call (known as “short June”) on the June ′99 futures
contract.

One advantage of doing the trade with options is that you are usually
buying a low-volatility option and selling a high-volatility option. This
advantage appears in several forms. First, on March 25, you could do the
trade at a 7-tick credit. For example, if you price the June ′98 call at a mid-
market volatility of 6.7 percent, the price you pay is only 5 ticks. At the
same time, if you price the short June call at a mid-market volatility of 14.4
percent, you find you could sell it for about 12 ticks.

Second, as shown in Exhibit 23.3, you have a trade that gives you the
appearance of positive gamma combined with positive theta. This highly
peculiar situation is a direct result of the way volatility works on the
options’ risk parameters. For options that are at or near the money, higher
implied volatility produces lower gamma and higher theta. Vega, in
contrast, is largely unrelated to the level of implied volatility. Because you
are long the low-volatility option (the June option at 6.7 percent) and short
the high-volatility option (the short June option at 14.4 percent), you have a



position that is net long gamma that produces positive time decay for you
as well. The positive gamma is partly an illusion, of course, because it
works only with parallel shifts in the two underlying futures rates. (The
higher volatility for the short June option suggests that non-parallel yield
curve shifts are very likely.)

EXHIBIT 23.3 
Risk Parameters of a Curve Steepener 
Long 94.375 June ‘98 Call, Short 94.25 “Short June” ′98 Call

Whatever your views on the position’s net risk parameters, the higher
volatility in the short June option gives you a nice cushion against a
flattening of the curve and tips the odds in your favor overall. Exhibit 23.4
shows three futures rate curves—the current curve, the at-the-money curve,
and the highest of the break-even curves. The current curve shows the 5.67
percent and 5.82 percent that correspond to market futures prices. The at-
the-money curve shows the rates (5.625 percent and 5.75 percent) at which
both options would expire exactly at the money. Notice that if the futures
curve at expiration lies anywhere above the at-the-money curve, both
options expire out of the money and you keep your 7-tick credit.

EXHIBIT 23.4 
A Curve-Steepening Trade with Eurodollar Options Long 94.375 June ′98
Call, Short 94.25 “Short June” ′98 Call



The break-even curve goes one step further and shows that the June ′99
rate could fall an additional 7 ticks to 5.68 percent before the loss on the
short June option would rob you of your gain on the trade. As a result, the
curve can actually flatten from its current slope of 15 basis points to 5.5
basis points before you stand to lose any money on the trade. (This break-
even curve, by the way, is only the highest of the possible break-even
curves. Any parallel curve that lies below this one also represents a break-
even outcome.)

Your edge in the trade is reflected in the profit/loss summary shown in
Exhibit 23.5, where all curve-steepening outcomes are shown in the upper
left-hand part of the table. With parallel shifts in the curve, which are
shown along the diagonal from the lower left corner to the upper right
corner, you make 7 ticks or a little bit more. If both rates rise, you make at
least 7 ticks because both options expire out of the money. If the curve
actually steepens, you stand to make considerably more. Even if the curve
flattens slightly, you can make money. If you contrast the 33-tick gain
associated with a 60-basis-point steepening of the curve with the 16-tick
loss associated with a 60-basis point flattening of the curve, the odds are, in
a crude sense, 2-to-1 in your favor.



EXHIBIT 23.5 
P/L of a Curve-Steepening Trade at Expiration Long 94.375 June ′98 Call,
Short 94.25 “Short June” ′98 Call

Short June/Red June (A Time Decay Spread)
Another possibility is to trade a calendar volatility spread based on the June
′99 futures contract. To do this, you have the June ′98 option on the June
′99 futures contract (known as short June), and the standard June ′99 option
on the June ′99 futures contract (known as red June).

In this example, the implied volatilities at which the two options are
trading are nearly the same, but the relative mixes of gamma, theta, and
vega for the two options are very different. Short June options, which have
roughly 3 months left to expiration, will have relatively high gammas and
rates of time decay, while the red June options, which have nearly 15
months left to expiration, will have relatively high vegas. As a result, you
might consider a delta-neutral position in which you sell a straddle or
strangle using the short June options and buy a straddle or strangle using
the red June options.

There is no single right way to construct this trade because of the
different relative mixes of gamma, theta, and vega. Consider the way things
look, however, if you sell 100 delta-neutral short June 94.00/94.25 strangles
at a price of about 20 ticks per strangle and buy 100 delta-neutral red June
strangles struck at the same prices for a price of about 56 ticks per strangle.
Your net debit would be 3600 ticks [= 100 strangles × 36 ticks per
strangle], and you would find yourself with a position that has negative



gamma and positive theta (because the short June options have relatively
more gamma and theta) and that has positive vega (because the red June
options have relatively more vega). You can think of this trade, then, as a
time decay spread that will benefit from an increase in implied volatility but
that is exposed to the risk of too much actual or realized volatility.

A look at Exhibit 23.6 shows that your break-even on this position as of
the expiration of the short June options on June 12, which is the Friday
before the standard futures expiration, is roughly 30 basis points up or
down.1 Thus, if you think that the June ′99 futures rate will change less than
this, you will collect more time decay on the short June options than you
pay on the red June options.

EXHIBIT 23.6 
P/L for a Delta-Neutral Time Decay Spread

In the meantime, the position’s positive net vega is a potential bonus
because of the comparatively low implied volatility at which you are
buying the red June options. The term volatility in the short June option,
which has 79 days to expiration, is 14.4 percent. The term volatility in the
red June option, which has 446 days to expiration, is 13.5 percent. Since the
underlying futures is the same for both of these options, this trade allows
you to buy 1-year volatility roughly 2-1/2 months forward at 13.3 percent.2
If you view this as an exceptionally low level of implied volatility, you will
welcome the positive vega that this trade affords.



March/Red June (A Volatility Curve Spread)
One well known feature of the Eurodollar volatility curve is that very short-
dated futures rates exhibit quite a bit less volatility than do longer-dated
futures rates. You can see this pattern in Exhibit 23.7, which shows the term
structure of historical Eurodollar volatilities from the lead through the 6th
contract. You can see the consequences of this pattern in Exhibit 23.8,
which shows what the term structure of implied volatilities looked like on
March 25 for the standard quarterly options on these futures contracts.

EXHIBIT 23.7 
90-Day Historical Eurodollar Volatility A Cross-Sectional View

EXHIBIT 23.8 
Term Structure of Implied Eurodollar Volatility



One way to profit from this pattern of volatilities is to “ride the
Eurodollar volatility curve.” Under the right circumstances, you can do this
by selling near-dated Eurodollar options and buying further-dated
Eurodollar options. One might, for example, sell the March ′99 straddles on
the March ′99 futures contract at 12.6 percent volatility and buy vega-
equivalent June ′99 straddles on the June ′99 futures contract (red June) at
13.5 percent volatility. For example, you might sell 111 delta-neutral 94.25
March ′99 straddles for approximately 56 ticks per straddle and buy 100 of
the red June 94.25 straddles at about 66 ticks per straddle for a net debit of
384 ticks [= 111 straddles × 56 ticks per straddle – 100 straddles × 66 ticks
per straddle].

The resulting position would be vega-neutral, which sets you up to take
advantage of a change in the implied volatility spread as the trade ages. In
addition, you would earn net time decay on the position because you are
short the higher theta option (and more of them). At the same time, you
would be exposed to negative net gamma.

This is a trade that is put on for the comparatively long haul in the
expectation that the implied volatility in the March options will fall faster
than the implied volatility in the June options. For example, one might hold
this position for 6 months to catch the steeper part of the volatility curve
where the March ′99 straddles might be trading at 9.5 percent, while the
June ′99 straddles (red June) might be trading at 11.4 percent. If so, you



will have bought the spread at 0.9 percent [= 13.5 percent -12.6 percent]
and sold it at 1.9 percent [= 11.4 percent -9.5 percent].

As long as there is no very great change in the March futures price, the
trade can be expected to profit from a higher rate of time decay in the
March options than would be paid on the long June options.

DIFFERENT VOLATILITY HORIZONS
For traders who study the calendar of economic events for sources of
volatility, serial option expirations on the same underlying futures contract
provide a tool for trading the economic calendar. Adding a month to the life
of an option generally sweeps in one more release of key economic
information such as non-farm payroll, NAPM, and the CPI. Also, an
additional month might bring with it an FOMC meeting or some other key
economic event.

Consider Exhibit 23.9, which shows the schedule of FOMC meetings as
it appeared on March 25. We can see that the June ′98 futures contract
would be affected by any action the Fed takes on May 19 and by the
market’s expectations about what the Fed might do at its meetings in July
and August. What is interesting about the schedule, though, is that the April
′98 option on the June ′98 futures contract expires well before the May
FOMC meeting, while the May ′98 option on the June ′98 futures contract
expires on the Friday just before the FOMC meeting. As a result, anyone
who believes that nothing will be revealed about the Fed’s intentions
between March 25 and April 10 could sell April options and use the
proceeds to buy May options and end up owning the May options cheap
once the April options expire. Similarly, you might then sell May options
and buy June options when you reach the high time decay part of the May
option’s life.

EXHIBIT 23.9 
Timeline of FOMC Meetings



MID-CURVE OPTIONS VERSUS OTC TREASURY OPTIONS
The mid-curve options such as short June and short September make it
possible to trade the spread between Treasury yield volatility and
Eurodollar volatility. Before the introduction of mid-curve options, anyone
who wanted to trade Eurodollar options against OTC Treasury options was
stuck with one or another of two mismatches. First, if you matched the
expirations of the options, the underlying rates were only loosely
correlated. Second, if you matched the correlations of the two underlying
rates, the option expirations could be a year or more apart.

For example, the June ′98 option on the June ′98 Eurodollar contract
would have roughly the same mix of gamma, theta, and vega as a 3-month
OTC option on a 2-year Treasury note. But the June ′98 futures rate would
be only loosely correlated with the spot or forward yield on a 2-year
Treasury. Notice in Exhibit 23.10 that the lead Eurodollar rate changes only
half a basis point for each basis point change in the on-the-run (OTR)
Treasury yield and that the R2 (explanatory power) of the regression is only
0.52.

EXHIBIT 23.10 
First Eurodollar Rate (Dependent) against OTR 2-Year Treasury Yield
(Independent) 
April 26, 1996−March 25, 1998; R2 = 0.52



A better match for the yield on a 2-year Treasury, as shown in Exhibit
23.11, would be provided by something like the 5th Eurodollar contract
rate, which in this case would be the June ′99 contract. This rate changes
1.17 basis points for each basis point change in the 2-year Treasury yield,
and the R2 is 0.94. But the June ′99 option on the June ′99 futures contract
would have altogether the wrong mix of gamma, theta, and vega for a
spread against a shorter-dated OTC Treasury option.

EXHIBIT 23.11 
Fifth Eurodollar Rate (Dependent) against OTR 2-Year Treasury Yield
(Independent) 
April 26, 1996−March 25, 1998; R2 = 0.94



Now that we have the mid-curve options, though, we can have the best
of both worlds. The April ′98, May ′98, and June ′98 options on the June
′99 Eurodollar contract provide good gamma, theta, and vega matches for
OTC 2-year Treasury options with roughly 1, 2, and 3 months to expiration.

Eurodollar/Treasury Volatility Spread Trading
The volatility of any given Eurodollar futures rate such as that implied by
red June (that is, the June ′99 futures contract) can be thought of as
comprising two parts: (1) the volatility of a corresponding forward Treasury
rate, and (2) the volatility of the forward TED or swap spread. As such, the
volatility of the Eurodollar rate will differ from that of a term Treasury
yield for two reasons: (1) a less than perfect correlation between changes in
the forward Treasury rate and the term Treasury yield, and (2) changes in
the swap or TED spread.

Thus, if you can buy Eurodollar volatility at a level that is roughly
equivalent to term Treasury yield volatility, you can benefit both from the
lack of perfect correlation between forward and term rates and from
changes in the swap or TED spread. An idea of the day-to-day variability of
the TED spread is provided in Exhibit 23.12, which shows the recent



history of the 1-year and 2-year term TEDs. A recent history of the spread
between the 5th Eurodollar rate and the on-the-run 2-year Treasury yield is
provided in Exhibits 23.13 and 23.14.

EXHIBIT 23.12 
TED Spread

EXHIBIT 23.13 
Yields of U.S. 5-Year Notes and 5th Eurodollar since June ′94

EXHIBIT 23.14 
Yield Spread between 5-Year Notes and 5th Eurodollar since June ′94 
In Basis Points



How Do You Compare the Volatilities?



Comparing implied volatilities in the two markets requires some care. First,
the yield or rate levels are different. Second, the implied volatility quoted
for an OTC Treasury option may be a forward yield volatility rather than a
spot yield volatility.

Consider yield levels first. The June ′99 Eurodollar rate on March 25
was 5.82 percent and the mid-market implied volatility for the short June
option was 14.4 percent. At these levels, the normalized or basis point
volatility of the Eurodollar rate would be 0.838 or 83.8 basis points
annualized [= 0.144 × 5.82]. If we use the regression coefficient of 1.17
from Exhibit 23.11, we find that the corresponding change in the spot
Treasury yield would be 71.6 basis points [= 83.8/1.17], which would in
turn represent a spot yield volatility of 12.9 percent [= 0.716/5.571, where
5.571 was the yield on the 5-1/2s of 3/00 on March 25]. As a result, any
spot yield volatility above 12.9 percent would be rich relative to 14.4
percent Eurodollar volatility.

Forward yield volatilities tend to be higher than spot yield volatilities for
two reasons. First, if repo rates do not change when Treasury note yields
change, the change in the note’s forward price will be nearly the same as
the change in the note’s spot price, but its forward DV01 is smaller than its
spot DV01 so that the same price change translates into a larger yield
change.

As a rule of thumb, you can convert a spot yield volatility into a forward
yield volatility using the ratio of the note’s spot and forward months to
expiration. For example, on March 25, the on-the-run Treasury had just
over 23 months to expiration. One month later, it would have 22 months to
expiration. Thus, a spot yield volatility of 12.9 percent would translate into
a 1-month forward yield volatility of approximately 13.5 [= 12.9 × (23/22)]
percent. A 2-month forward yield volatility would be 14.1 [= 12.9 ×
(23/21)] percent, and so forth. In practice, you would take care to refine
these volatilities, but the rule of thumb gives you a quick and fairly reliable
comparison.

How Do You Construct the Trades?
One advantage of trading in the over-the-counter options market is that you
can choose your strikes and expirations to fit your circumstances. Thus, you
can force the Treasury option expirations to line up with the Eurodollar
option expirations. Moreover, you can choose your strikes to correspond to



equivalent strikes in the Eurodollar market. For example, with the June ′99
Eurodollar rate at 5.82, you might trade strikes of 94.25 and 94.00, which
correspond to rates of 5.75 and 6.00, which are 8 basis points below and 18
basis points above 5.82. If so, you could find appropriate strike prices for
your Treasury options by finding the forward prices that correspond to
yields that are about the same number of basis points above and below the
current forward Treasury yield.

Once you have chosen your strikes, your last task is to find the
appropriate amount of each option to do. Perhaps the easiest way to do this
once one has lined up the expirations is to use the Eurodollar equivalent
position of the Treasury note. If your OTC option were on $100 million of
the on-the-run 2-year note and expires April 10, the Eurodollar hedge for
the forward note exposure would be approximately 750 futures. Thus, the
offsetting Eurodollar position would include 750 April ′98 options on the
June ′99 futures contract. A May 15 option on the same note would require
only 720 futures to hedge the forward note, and so you would do 720 of the
May ′98 option on the June ′99 futures contract. A June option would
require fewer still.

SOME THINGS TO KEEP IN MIND
Standard (non-mid-curve) serial options as well as serial and quarterly mid-
curve options typically expire on the Friday before the expiration of
standard quarterly options. For some strategies, such as the June-short June
yield curve spread discussed above, this may entail slight expiration
mismatches. Also, you must be prepared to make or take delivery of the
underlying futures if these options are exercised, as they are not cash
settled.

Strike prices for most Eurodollar options come in quarter point
increments (e.g., 94.00, 94.25,…). In low-volatility environments this space
between strikes can loom large. This is particularly true of options with
relatively short times to expiration. Exhibit 23.8 showed that short-dated
Eurodollar options can (and often do) have much lower implied volatilities
than longer-lived contracts. Partly for this reason, the CME fills the spaces
between some of the nearby contracts with so-called half-strikes, which
come in 0.125 increments (e.g., 94.125, 94.25, 94.375,…). Every time a
new quarterly option becomes the nearby option, half strikes are added for
it and the subsequent two serial options. No additional contracts are given



half strikes until the next quarterly contract becomes the nearby option, so
the number of non-mid-curves with half strikes can range from one to three
at any given time. The nearby 1-year mid-curve always has half strikes
available.

LIFFE’s OPTIONS
On May 15, LIFFE added 1-year mid-curves to its Euro, Eurolira,
Euromark, and Short Sterling options offerings. Two quarterly and two
serial expiration months are currently available. Much like the initially
tepid reception that first greeted Eurodollar mid-curves, these contracts
have gotten off to a slow start. With all the things that can be done with
these products, it seems unlikely that they will remain underutilized for
long.



CHAPTER 24 
Serial and Mid-curve Options: An Update

The original research note on serial and mid-curve options (Trading with
Serial and Mid-curve Options) was written in 1998. Since that time, the
Chicago Mercantile Exchange has added to its array of Eurodollar options.
It now lists 8 standard quarterly options rather than 6. Also, there are now 4
2-year mid-curve quarterly options, not just 2. As of this writing, serial 2-
year mid-curve options have not been listed.

LIFFE, on the other hand, has revised its offerings of 3-month money
market futures options. With the introduction of the Euro (€) and the death
of the mark and lira, LIFFE no longer trades futures or options on EuroLira
or EuroMark. Quarterly and serial options on Euribor and Short Sterling
continue to have strong volume, but the 1-year mid-curve options remain
underutilized.



CHAPTER 25 
What Happens to Eurodollar Volatility when Rates Fall?

Galen Burghardt, George Panos, and Eric Zhang 
Research note originally released October 18, 2001

We find that basis point volatility in the Eurodollar market has, for the past
10 years, been largely unrelated to the level of interest rates. As a result, we
think that basis point volatility, as opposed to conventional relative rate
volatility, is a better measure of volatility.

BACKGROUND
In the wake of the September 11 attack on the World Trade Center, implied
Eurodollar rate volatility went through the roof. At the same time,
Eurodollar rates fell a lot, raising questions about how one should interpret
a volatility like 46.9 percent, which is the level at which implied relative
rate volatility for at-the-money Dec ′01 Eurodollar options peaked on
September 19.

Exhibit 25.1 provides some help in answering these questions. On
September 10, the day before the attack, implied relative rate volatility for
Dec ′01 options closed at 22.5 percent. Given an underlying futures rate of
3.29 percent for the Dec ′01 contract, implied basis point volatility for the
Dec ′01 contract was 74 basis points [= 0.225 × 3.29]. At the peak volatility
of 46.9 percent, implied basis point volatility reached 116 basis points [=
0.469 × 2.48]. By October 4, when things had begun to settle down, an
implied relative rate volatility of 29.0 percent produced an implied basis
point volatility of only 67 basis points.

EXHIBIT 25.1 
Key Rate Levels versus Dec ′01 Implied Rate Volatility September 10,
2001, to October 4, 2001



In other words, on September 19, implied relative rate volatility and
implied basis point volatility were both higher than before the attack. By
October 4, implied relative rate volatility was higher but implied basis point
volatility was lower than before the attack.

WAS VOLATILITY RICH OR CHEAP?
Whether Eurodollar options were rich or cheap before and after the attack
depends on whether you think relative rate volatility or basis point volatility
is the better measure of volatility. We produce volatility cones for both
measures, and it is apparent from Exhibit 25.2 that the two views are quite
different. On September 19, implied relative rate volatility at 46.9 percent
was outside of the cone and would be considered rich (see upper panel). On
the same day, implied basis point volatility was certainly high, but was still
within the range of historicals for the past 2 years (see lower panel). And by
October 4, implied relative rate volatility still appeared somewhat rich,
while implied basis point volatility was back to or somewhat below normal.

EXHIBIT 25.2 
Eurodollar Volatility Cones 2-Year History as of Close of Business October
4, 2001



VOLATILITY AND RATE LEVELS
The main purpose of this note is to shed some light on the relationship
between interest rate volatility and the level of interest rates.

What we find is that while it is customary in the Eurodollar options
market to quote rate volatility as a relative rate volatility—that is, as a
change in the rate divided by the rate—the evidence suggests that basis
point volatility provides a better measure of whether options are rich or
cheap.

WHY RELATIVE RATE VOLATILITY?



The custom in the Eurodollar options market is to express or quote
volatilities as relative rate volatilities. A 25-basis-point cut in rates from
6.00 percent to 5.75 percent would be expressed either as a decrease of 4.17
percent [= -0.25/6.00] or as a decrease of 4.26 percent [= Ln (5.75/6.00)].
The same basis point cut in rates from 3.00 percent to 2.75 percent, though,
would be 8.34 percent or 8.25 percent.

There are at least three reasons for thinking of Eurodollar rate volatility
this way.

1. It makes sense. When rates are high, changes in rates should be high.
And when rates are low, changes in rates should be low.

2. If rate changes are proportional to the level of rates, then interest rates
can never be negative. Recent Japanese experience perhaps suggests
that interest rates can be negative, but there must be some limit to how
negative they can be.

3. Conventional option pricing models use relative changes as inputs.
The standard closed form models rely heavily on the use of lognormal
distributions. And so it is a matter of computational convenience to
use relative rate volatilities when pricing Eurodollar options.

WHAT IS THE EVIDENCE?
The evidence is mixed. Consider Exhibit 25.3, for example, which shows
the relationship between the annualized standard deviation of basis point
changes in the lead Eurodollar rate and the level of the lead Eurodollar rate
from 1983 to October 2001. Over this period, rates ranged from just over 2
percent (recently) to over 14 percent (in the early 1980s). The scatter has an
upward sweep to it, and the regression line is positively sloped. The slope
coefficient of 15.7 indicates that, on average over this period, the standard
deviation of basis point changes rises 15.7 annualized basis points with
each 1 percent increase in the level of rates. The R2 of 0.37 suggests,
however, that the relationship is weak and bears out what is evident to the
eye in the loose scatter plot.

EXHIBIT 25.3 
Eurodollar Rate Levels and Basis Point Volatilities 1983 to October 4, 2001



Now consider Exhibit 25.4, which shows what the relationship has
looked like since December 6, 1990, when rates fell below 8 percent and
stayed below 8 percent. Over this period, rates have traded between 2
percent and 7 percent, which is still a considerable range, and there seems
to be no relationship at all between basis point volatility and the level of
rates. The regression line even has a slight negative slope, which means
nothing much given the R2 of 0.05.

EXHIBIT 25.4 
Eurodollar Rate Levels and Basis Point Volatilities December 6, 1990, to
October 4, 2001



IS IT THE FED?
Probably. The tension between the relative and basis point views of rate
volatility is due, at least in part, to the way the Federal Reserve changes
rates. It would be one thing if the Fed’s standard practice were to change
rates, say, by 5 percent of the level of rates. If they did this, they would cut
rates by 30 basis points if the level of rates were 6 percent and by 15 basis
points if the level of rates were 3 percent. As it is, the Fed’s practice has
been to cut rates in multiples of 25 basis points no matter what the level of
rates. Thus, it should be no surprise that the market looks at rate volatility
in absolute or basis point terms rather than in relative terms.

PRACTICAL CONSEQUENCES
Just why the Fed does what it does may be rooted in its understanding
about the way monetary policy translates into economic activity. If basis
point volatility is unrelated to the level of interest rates, then relative rate



volatility is inversely proportional to the level of rates. A halving of rates
from 6 percent to 3 percent can be expected to double relative rate
volatilities. This is borne out in Exhibit 25.5, which shows that basis point
volatility has been fairly stable between 50 and 100 annualized basis points
for most of 2001, while relative rate volatility has roughly doubled.

EXHIBIT 25.5 
Relative and Basis Point Rate Volatilities January through October 2001

As a result, we cannot reasonably compare relative rate volatilities,
either historical or implied, taken from a period when rates were around 6
percent and use them as a standard of richness or cheapness now that rates
are trading around 3 percent and lower.

For this reason, we have produced a new set of volatility lines for money
market contracts that compare implied basis point volatility [= Implied
relative rate volatility × Rate level] with the historical distribution of
historical basis point volatilities. (See lower panel of Exhibit 25.2.) We
think these basis point volatility cones will be more reliable tools for
gauging option richness or cheapness.



CHAPTER 26 
Eurodollar Volatility: An Update

One of the striking lessons we learned about Eurodollar rate volatility when
Eurodollar rates dropped below 2 percent in 2002 was that basis point
volatility did not seem to be related to the level of interest rates. This
insight prompted us to augment our volatility cone report to include basis
point volatility cones in addition to the usual relative rate volatility cones.

The sample volatility cone report shown in Exhibit 26.1, using closing
data from September 10, 2002, shows how important the distinction can be.
Notice, for example, that on a relative volatility basis (the top left panel),
options on the Dec ′02 and Mar ′03 contracts went through a period of
appearing to be extremely expensive. At one point, implied relative rate
volatility for the Dec ′02 option reached 60 percent, while implied relative
rate volatility for the Mar ′03 option traded at 70 percent. Both of these
implied volatilities were higher than any historical relative rate volatility for
comparable times to these options’ expirations over the previous 2 years. In
basis point terms (see top right panel), however, both of these options
appeared to be relatively inexpensive, trading in the lower end of the
volatility cone. In fact, implied basis point volatility rose very slightly in
the face of economic events of the time, but because interest rates had
fallen so much, implied relative rate volatility rose dramatically.

EXHIBIT 26.1 
Volatility Cones and Return Distributions 2-Year History as of September
10, 2002



In light of our findings about the comparative stability of basis point
volatility, the basis point volatility cone would seem to be the more reliable
measure of richness or cheapness.



CHAPTER 27 
Hedging Convexity Bias

Galen Burghardt and George Panos 
Research note originally released August 2, 2001

SYNOPSIS
Anyone who receives fixed on a fixed/floating interest rate swap and
hedges the directional exposure with Eurodollar futures is long volatility—
both implied and realized. Increases in expected interest rate volatility will
increase the value of the swap relative to Eurodollar futures, and large,
realized swings in interest rates produce profitable opportunities to
rebalance the hedge.

The risks in such a position, though, are that implied rate volatility might
fall or that rates may prove to be less volatile than was expected when the
swap was priced. In either case, the position loses money. The purpose of
this note is to outline a plausible approach for hedging against these risks
using exchange-traded options on Eurodollar futures.

In particular, we show that the longest-dated quarterly and mid-curve
options have very useful characteristics for hedging swap/Eurodollar
positions. As an example, we show that on August 1, 2001, both red Dec
and short Jun options would have been good hedging vehicles for a 4-year
swap.

The Challenges
Two major hurdles get in the way of hedging the volatility exposure in a
swap/Eurodollar position. One is that the convexity/gamma exposure in the
swap position is more extreme in long-dated swaps than in short-dated
swaps, while the opposite is true in conventional options on interest rates.
The other is the mismatch in rate horizons. The swap/Eurodollar trader is
concerned chiefly about the volatility of longer-term rates (e.g., 4- or 5-year
swap rates), while options on Eurodollar futures are available on forward
rates extending out no more than 3 years.

Overcoming the Challenges



Even with their shortcomings, the constellation of options on Eurodollar
futures affords a possible solution. For one thing, changes in implied
Eurodollar option volatilities can correlate well with changes in longer-term
swap rate volatilities. For another, the effective gamma in a hedged swap is
small relative to the vega exposure, so the gamma mismatch is not as great
a hurdle as it might otherwise be.

Thus, as we show here, if it is possible to find a satisfactory cross-hedge
for the implied volatility exposure, any residual exposure to unexpected
changes in realized volatility should be fairly small.

HEDGING A 4-YEAR SWAP/EURODOLLAR POSITION
In this note, we consider the problem of finding a suitable hedge for the
volatility exposure in a 4-year swap hedged with Eurodollar futures. The
first step is to express the gamma (convexity) and vega exposure of this
position in Eurodollar futures terms.

Gamma
The upper panel of Exhibit 27.1 shows the P/L profile on August 1, 2001,
for a position that receives fixed on $100 million notional amount of a 4-
year swap and is short the appropriate number of Eurodollar futures. As
yields rise, the position’s net DV01 rises as well (from negative to
positive). The lower panel of Exhibit 27.1 shows the change in the
position’s DV01 at different yield levels. In this exhibit, we use Eurodollar
(i.e., quarterly, Actual/360 money market) basis points. As shown, the
change in the DV01 ranges between $18.68 when yields are low to $14.48
when yields are high, and is $16.45 at the current level of rates in the
example. At $16.45, the convexity of the swap would be the equivalent of
0.658 Eurodollar contracts [= $16.45/$25].

EXHIBIT 27.1 
Net Swap/Eurodollar P/L 
$100MM 4-Year Receive Fixed Swap/Short Eurodollar Futures Strip



Change in Net DV01 
With Respect to Changes in Eurodollar Futures Rates

Thus, to hedge the convexity in the position, we would need enough
Eurodollar futures options to produce a gamma of 0.658 Eurodollar futures
contracts per basis point.

Vega



Exhibit 27.2 shows how a 1-percentage-point change in all cap and
swaption volatilities affects our estimate of the value of the convexity bias
between swaps and Eurodollar futures. For an explanation of how we
determine expected convexity bias and vega values, see chapters 7 and 8,
“The Convexity Bias in Eurodollar Futures” and “Convexity Bias Report
Card.”

EXHIBIT 27.2 
Convexity Bias Value and Vega

For a 4-year swap, the vega is 0.248 semiannual bond equivalent basis
points. On $100 million of a 4-year swap, the value of a 1-basis-point
change in the fixed coupon on August 1 would have been $36,135. Thus, a
vega of 0.248 basis points would be worth $8,961 [= 0.248 × $36,135],
which is the target amount required in the hedge.

From these calculations, it is apparent that exposure to changes in
implied volatility is very much greater in the short term than exposure to
changes in the level of realized volatility.

Eurodollar Options
Exhibit 27.3 shows a partial menu of options that were available for trading
on August 1, 2001. Option expirations are shown along the top of the table,
while the underlying futures expirations are shown down the left-hand side.
For the purposes of this exercise, we consider three possible options—two
mid-curve options (i.e., green Dec and short Jun) and one standard
quarterly option (i.e., red Dec). Exhibit 27.3 shows that within this set, the
option expirations and the underlying futures expirations are inversely
related. Green Dec has the longest-dated underlying (i.e., the Dec ′03



futures contract) but expires first. Red Dec has the shortest-dated
underlying (i.e., the Dec ′02 futures contract) but expires last. Short Jun
falls in between the two.

EXHIBIT 27.3 
Options on Eurodollar Futures August 1, 2001

Which of these three options is likely to provide the best hedge hinges
on four things: the relative mix of vega and gamma; the relationship
between the underlying futures rate and a 4-year term swap rate; the
relationship between changes in the option’s implied volatility and changes
in term swaption volatility; and transactions costs.

Exhibit 27.4 provides a comparison of the gamma and vega values for
the three Eurodollar options and for $100 million of the hedged 4-year
swap. From the ratios shown in the right-hand column, it is apparent that
short Jun most closely resembles the swap, while red Dec has somewhat
too much vega per unit of gamma.

EXHIBIT 27.4 
Option and Swap Characteristics August 1, 2001



Exhibit 27.5 compares the relationships between changes in the three
underlying futures rates and changes in a 4-year term rate. The topmost
panel shows weekly changes in the second red Eurodollar rate (i.e., the rate
underlying what is now the red Dec option) on the vertical axis against
changes in a 4-year bundle rate on the horizontal axis. The middle panel
does the same thing for the fourth “short” rate, which now would be the
Eurodollar rate underlying the short Jun option.

EXHIBIT 27.5 
Second Red, Fourth Short, and Second Green Eurodollar Rates As Proxies
for a 4-Year Term Rate Weekly Changes, 1/24/97–6/30/01



The bottom panel shows the relationship for the second green rate,
which now would be the rate underlying green Dec. At least for the period
from January 1997 through June 2001, all three relationships look very



much alike, although changes in the second green rate provided a very
slightly better fit for changes in a 4-year bundle rate than did the other two.

Exhibit 27.6, which compares the level of implied volatility in second
red Eurodollar options with the level of implied term swaption volatility,
shows that implied volatility in Eurodollar options can track swaption
volatilities fairly well. Although the curve match is not perfect and the
option horizons are not the same, the two volatilities do tend to rise and fall
together.

EXHIBIT 27.6 
Second Red Eurodollar Implied Volatility As Proxy for Term Swaption
Implied Volatility

From Exhibit 27.7 we can see that the relationship is best for the red Sep
and short Jun options, represented in the upper and middle panels, which
are labeled second red and fourth short respectively. Of these two, the fit is
again very slightly better for short Jun than for red Dec. The fit for the
second green option is, however, markedly worse than for either of the
other two.



EXHIBIT 27.7 
Second Red, Fourth Short, and Second Green Eurodollar Implied
Volatilities As Proxies for Term Swaption Implied Volatility 
Weekly Changes, 9/25/98–7/13/01



Given this evidence, the hedger would be nearly indifferent between
using short Jun and red Dec as hedging vehicles. The differences in the two
options’ characteristics are inconsequential. The decision might turn, then,
on transactions costs.

Transactions costs tend to favor red Dec in this exercise. Given its
higher overall vega, we need fewer red Dec options to do the job than short
Jun. In this example, we could sell 155 [= 8961/(1.08 × 53.50)] red Dec
options struck at 95.25 or 171 [= 8961/(1.08 × 48.50)] short Jun options
struck at 94.75. In these calculations, the options’ vegas have been scaled
up to reflect the estimated relationships between changes in their implied
volatilities and changes in implied swaption volatilities. In both cases,
implied volatility for the Eurodollar option tended to change 1.08
percentage points for each 1-percentage-point increase in our proxy
swaption volatility (see Exhibit 27.7). The hedger’s commission costs
would be lower with red Dec than with short Jun. Whether market impact
costs (those costs incurred because of bid/ask spreads) would be lower with
red Dec would depend on the comparative liquidity of the two markets.

Gamma Mismatch?
Not much. The gamma in the swap/Eurodollar position is comparatively
small to begin with, so the resulting mismatch in gamma between the swap
and the 151 red Dec options is smaller still. The net gamma of the position



would be only 0.173 [= 0.658 – (151 × 0.00321)] if we assume parallel
shifts in rates or as little as 0.129 [= 0.658 – (151 × 0.00321 × 1.091)] if we
allow for the fact that changes in the second red futures rate will tend to be
larger than changes in a 4-year term rate. In either case, the net gamma in
the position would be nearly zero.

The Choice?
In this example, short Jun would nose out red Dec if not for the fact that the
red Dec hedge likely would be cheaper to transact. Either option, though,
would provide a serviceable hedge for the volatility exposure in the
swap/Eurodollar position. And either of these options would be better than
green Dec, which is inferior on all counts.

Robustness?
A simple hedge like this cannot be perfectly robust. It cannot capture
changes in the slope of the yield curve, for example. Moreover, the vega
and gamma of the swap/Eurodollar futures position depend less on the level
of rates than do the vega and gamma of Eurodollar options at any given
strike price.

To some extent, though, the vega and gamma mismatch would work to
the advantage of a hedger who is long volatility in the swap/Eurodollar
futures position (i.e., receiving fixed, short Euros) and who is short
Eurodollar options as a hedge. If rates changed sharply, the hedger likely
would have a position with both positive net vega and gamma and would
likely profit as a result. On the other hand, the hedge should work fairly
well if rates are stable.



GLOSSARY1

ATM At-the-money option. An option is at the money when its strike price
is equal to the futures price.

BBA British Bankers’ Association. The Chicago Mercantile Exchange uses
the BBA’s 11 a.m. 3-month LIBOR fixing as the final settlement rate for the
Eurodollar futures contract. See BBAISR.

BBAISR British Bankers’ Association Interest Settlement Rate.
BBA 3-month LIBOR is “fixed” daily at 11 a.m. London time. The BBA

surveys 16 banks and asks them to quote the rate at which they would lend
to major participants in the London Eurodollar market. The BBA eliminates
the top and bottom quartiles from the survey and averages the remaining
quotes. The fixing is rounded up to 5 decimal places when the sixth digit is
5 or greater.

For purposes of settling the Eurodollar futures contract, the British
Bankers’ Association Interest Settlement Rate (BBAISR) is taken on the
second London bank business day immediately preceding the third
Wednesday of the contract month. This value is rounded to the nearest
1/10,000 of a percentage point and subtracted from 100 to determine the
Eurodollar futures contract final settlement price.

bey Bond Equivalent Yield.

bp Basis point, 0.01%, or 1/100 of a percentage point.

break-even volatility The value of realized volatility at which the cost of
paying a long option’s theta is just offset by the beneficial effects of gamma
combined with the realized change in the option’s underlying price or rate.
See any good options textbook for a derivation of the “zero profit”
condition, holding implied volatility constant.

bundles A 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, or 10-year strip of quarterly cycle
Eurodollar futures. A bundle usually begins with the first quarterly
contract, but there is also a 5-year bundle 5 years forward.



cabinet trade A trade that allows the liquidation of deep-out-of-the-money
options at the “cabinet” or “cab” price. The cabinet price for Eurodollar
options is one-quarter tick, or $6.25.

calendar spread A calendar spread comprises a long (or short) position in
one contract month and a short (or long) position in a subsequent contract
month. Eurodollar futures calendar spreads are used to trade the yield
curve. Eurodollar option calendar spreads are used to trade the volatility
curve or to take advantage of differences in the gamma, theta, and vega
characteristics of options with different times to expiration.

CME Chicago Mercantile Exchange.

cones See volatility cones.

correlation A statistical measure of how two variables vary together. When
squared, correlation is the fraction of the variance of one variable that can
be explained using information about the value of one or more other
variables. A negative correlation indicates that the variables change in
opposite directions, while a positive correlation indicates that they change
in the same direction. Correlations of −1 and 1 describe two variables that
are perfectly correlated and for which, knowing the value of one of the
variables, one can explain entirely the value of the other. A correlation of 0
indicates no relationship at all. A correlation of 0.5 indicates that 0.25 [=
0.52], or 25 percent, of the variance of one variable can be explained using
the values of the other.

coupon yield curve A curve that plots the values of coupons at which
coupon-bearing bonds would trade at par against their respective times to
maturity.

CPI Consumer Price Index.

credit spread A measure of the basis point yield spread between a risk-free
instrument (i.e., Treasury bills, notes, or bonds) and another instrument.

day-count convention The convention used to calculate the fraction of a
year applied to an interest rate calculation. The money market convention is
days/360 for the following currencies: U.S. dollar, Euros (€), Japanese yen,
and Swiss franc. The money market convention is days/365 for the British
pound and Canadian dollar. Other day-count conventions, used in swap



interest rate calculations for example, include Act/Act, Act/365, Act/365
(fixed), 30/360, 360/360, Bond Basis, and 30E/360.

delta The change in an option’s price given a small 1-unit change in the
price of the underlying commodity or futures contract.

duration Duration is a weighted average of the times to a bond or note’s
cash flows. The weights used in calculating duration are the fraction of the
bond’s total present value represented by each cash flow.

Modified (or effective) duration typically is defined as the percent
change in the full price (i.e., quoted price plus accrued interest) of a bond or
note given a 1-percentage-point change in its yield. With a bond that bears
regular coupons, the relationship between modified duration and duration is
Modified duration = Duration/(1 + y/n), where y is the bond’s yield and n is
the number of times per year the coupon is paid.

For instruments without regular coupon or principal payments, or for
instruments that contain embedded options, the instrument’s “effective
duration” refers to the percent change in its value given a 1-percentage-
point change in its underlying yield. Effective duration makes more sense
when discussing Eurodollar futures.

DV01 The dollar value of an “oh-one,” or 1-basis-point change in any
relevant interest rate. Also known as the DVBP, or dollar value of a basis
point. DV01 can represent the change in the (present) value of a bond or
swap position given a 1-basis-point change in its yield or some underlying
rate. DV01 also can represent the change in any cash flow related to the
underlying rate.

e Exponential. Commonly used to calculate future value (i.e., e rt) and
present value (i.e., e−rt), where r is a continuously compounded annualized
interest rate and t is the number of years in the period.

EBF European Bankers Federation.

ED The trading symbol for Eurodollar futures at the Chicago Mercantile
Exchange.

edge The theoretical price of an option versus the market price of an
option.



Euribor futures Three-month Euro (€) interest rate futures. This 3-month
deposit contract is based on €1,000,000 and has a final settlement price that
settles to 100 − 3-month Euribor.

Eurodollar time deposit A dollar deposit with a bank or bank branch
outside of the United States or with an international banking facility located
in the United States.

expiration date For Eurodollar futures and quarterly options, the second
London business day immediately preceding the third Wednesday of the
contract month. For serial options, mid-curve options, and 5-year bundle
options, the Friday preceding the third Wednesday of the contract month.

expiring contract The futures contract that will expire next.

fair value The fair value of a Eurodollar futures contract is 100 less the fair
value of forward 3-month LIBOR with a value date equal to the value date
of the futures contract. The fair value of a contract is compared to its traded
value to determine if the contract is rich or cheap.

FOMC Federal Open Market Committee.

forward deposit rate The rate associated with a deposit period that begins
sometime in the future.

forward term deposit curve Same as a term deposit curve except that the
terms begin at some date in the future.

forward yield curve Any yield curve for which time begins at some date in
the future.

FRA Forward Rate Agreement. An over-the-counter instrument that is used
to lock in a forward-starting short-term interest rate. For example, a 1 × 4
FRA represents a 3-month forward rate (i.e., 4 minus 1) that begins 1
month from now. The difference between the FRA rate and the prevailing
market rate at the start of the FRA determines the net cash flow to one of
the counterparties.

front month contract The contract in the quarterly cycle that is nearest
expiration.

gamma The change in an option’s delta given a small 1-unit change in the
price of the underlying commodity or futures contract.



GLOBEX The Chicago Mercantile Exchange’s electronic trading platform.

historical volatility Any measure of volatility that has been estimated
using historical prices or interest rates. Historical volatility typically is
calculated as a standard deviation of price or rate changes and is a measure
of how volatile the underlying price or rate has been in the past.

IMM swap A type of swap with reset dates that fall on Eurodollar futures
expiration dates and with payment dates that fall approximately 3 months
later on the following Eurodollar futures value dates.

implied volatility The value of volatility that sets an option’s theoretical
price equal to its market price. As such, implied volatility is implied both
by the market price of the option and by the theoretical model used. Implied
volatility can be thought of as a market forecast of how volatile the
underlying price or rate will be over the remaining life of the option.

initial peformance bond The minimum performance bond deposit
required from customers for each contract when a futures position is
opened.

interest rate swap An agreement under which the two sides to the
transaction agree to exchange cash based on hypothetical interest
calculations. The most commonly traded swap is a fixed/floating swap
under which one side agrees to pay a fixed rate on a specified notional
principal amount, while the other side agrees to pay a floating rate on the
same notional amount.

ITM In-the-money option. A call is in the money when its strike price is
less than the futures price. A put is in the money when its strike price is
greater than the futures price.

kurtosis One measure of the shape of the distribution relative to the normal
distribution. The kurtosis of the normal distribution is 3.00. Positive excess
kurtosis is the value of a distribution’s kurtosis that exceeds 3.00 and
describes a distribution with fat tails and a tightly bunched center.

lead contract The most active futures contract. The lead contract is
designated by where it trades on the floor of the Chicago Mercantile
Exchange. The lead contract may or may not be the same as the expiring
contract.



LIBID London Interbank Bid Rate. The rate that the most creditworthy
international banks dealing in Eurodollars pay for deposits.

LIBOR London Interbank Offered Rate. The rate that the most
creditworthy international banks dealing in Eurodollars charge each other
for large loans.

LIFFE London International Financial Futures and Options Exchange.

Ln The natural log mathematical function.

maintenance margin See maintenance performance bond.

maintenance performance bond A sum, usually smaller than the initial
performance bond, which must remain on deposit in the customer’s account
for any position. Previously referred to as maintenance margin.

mark to market Marking a position to market requires valuing all
positions, and hence all gains and losses, at market prices. Can also refer to
the daily adjustment of the performance bond account to reflect gains and
losses.

mid-curve options Quarterly 1-year mid-curve options expire 12 months
before their underlying futures contract. For 1-year mid-curve options that
expire in months other than those in the March quarterly cycle (i.e.,
January, February, April, May, July, August, October, and November), the
underlying futures contract is the futures contract that expires 12 calendar
months from the next March quarterly month that is nearest to the
expiration of the option. For example, the underlying futures contract for
the 1-year mid-curve option that expires in January or February is the
March futures contract in the next calendar year.

For 2-year mid-curve options, the underlying futures contract is the
contract that expires 24 calendar months after the month in which the
option expires.

money market instrument Any of a number of short-term interest rate
instruments, including bank deposits, commercial paper, and bankers
acceptances.

MOS Mutual Offset System. The Eurodollar futures contracts traded at the
Chicago Mercantile Exchange and the Singapore Exchange are considered
fungible instruments. The two exchanges use the Mutual Offset System to



allow Eurodollar futures contracts traded at one exchange to offset
Eurodollar futures contracts traded at the other exchange. Also, open
positions at one exchange can be transferred to the other exchange.

NAPM National Association of Purchasing Management.

Nominal value of an 01 See DV01. Usually refers to the actual change in a
forward cash flow.

on the run See OTR.

open interest The total number of contracts outstanding that have not yet
been offset or have not yet expired.

OTC Over the counter. An instrument that is traded directly between two
counterparties rather than on an exchange.

OTM Out-of-the-money option. A call is out of the money when its strike
price is greater than the futures price. A put is out of the money when its
strike price is less than the futures price.

OTR On the run. The Treasury’s most recently issued note/bond for a
given maturity. The on-the-run issues tend to be the most liquid.

over the counter See OTC.

packs A series of 4 quarterly cycle Eurodollar futures contracts. The packs
trade according to the color-coded grid developed by the Chicago
Mercantile Exchange. The “whites” are the first pack to trade, followed by
the “reds,” “greens,” “blues,” and so on. Packs can begin with any specified
contract month, e.g., 2nd red would refer to a 4-contract strip beginning
with the 6th quarterly Eurodollar contract.

performance bond Funds that must be deposited by a customer with his or
her broker; by a broker with a clearing member; or by a clearing member
with the Clearing House. The performance bond helps to ensure the
financial integrity of brokers, clearing members, and the Exchange as a
whole. Previously referred to as margin.

PV01 The present (or price) value of a 1-basis-point change in rates. To
convert the nominal value of a basis point to a PV01, multiply the change
in cash flow by the price of a zero-coupon bond that matures on the forward
cash flow date.



quarterly contracts Contract months with expirations in March, June,
September, and December.

R2 R-squared. In a regression of one variable (y) on one or more other
variables (x), the R2 of the regression is the fraction of the variance of y (the
dependent variable) that can be explained using one or more x
(independent) variables. R2 values range from 0 to 1.

realized volatility Calculated the same way as historical volatility but with
a starting date equal to an option’s trade date. Realized volatility is a
measure of how volatile the market proves to be during the time following
an option trade and can be compared with the option’s initial implied
volatility to determine the potential ex post profitability of the trade.

Rulebook The Chicago Mercantile Exchange Rulebook is a complex
document that covers all aspects of trading, settlement, performance bonds,
etc. For the most recent version of the Rulebook, go to www.cme.com.

semiannual bond equivalent yield (SA BEY) The standard yield quote for
U.S. Treasury bonds and notes.

serial contracts Contract months with expirations outside of the quarterly
cycle. Serial futures and options contracts expire in January, February,
April, May, July, August, October, and November.

serial options Option contract months with expirations outside of the
quarterly cycle. Serial contract months expire in January, February, April,
May, July, August, October, and November. Serial options are on the next
following quarterly futures contract (e.g., the July option on the September
futures).

settlement date In the Eurodollar time deposit market, the date on which
interest begins accruing. The standard settlement period is two London
business days for all terms except overnight (O/N) and tomorrow next
(T/N), which settle same day and next day, respectively.

SGX Singapore Exchange (formerly the Singapore International Monetary
Exchange, SIMEX).

spot deposit rate See term deposit rate.



stacks A technique used in the Eurodollar futures market where a single
contract is executed in place of a series of contracts along the yield curve.
The benefits of trading a stack are liquidity and ease of execution.

standard deviation A statistical measure of the spread of any distribution
of a random variable. For the normal distribution, a range of 1 standard
deviation above and below the mean includes about 68 percent of the
outcomes; 2 standard deviations up and down captures about 95 percent of
the outcomes; and 3 standard deviations includes about 99.7 percent of the
outcomes.

In options markets, volatility is expressed as an annualized standard
deviation of changes in the underlying price or rate.

straddles Long straddle: Long a call option and long a put option at the
same strike price and with the same time to expiration. A long straddle is a
volatility trade that profits, if delta neutral, when realized volatility exceeds
implied or expected volatility. A short straddle tends to make money when
the underlying market is less volatile than expected by option traders.

strangles Long strangle: Usually long an out-of-the money call and long an
out-of the money put with the same time to expiration. Because the options
are out of the money, the price of a strangle is less than the price of a
straddle. Strangles often are used by traders who think that the underlying
price will settle within the two strike prices (in which case they sell the
strangles) or will settle outside of the two strike prices (those who are long
the strangles).

stub rate The term deposit rate that runs from today until the first
Eurodollar futures value date.

swaption An option on a fixed/floating interest rate swap with a specified
fixed rate that begins on a specified forward date.

TED spread The spread between Treasury and Eurodollar rates. The TED
spread is a measure of the credit spread between LIBOR (i.e., high-grade
bank debt) and Treasury debt. The original TED was the price spread
between 3-month T-bill futures and Eurodollar futures, which would equal
the difference between the implied Eurodollar and Treasury bill futures
rates.



term deposit curve A curve that plots term deposit yields against time to
maturity.

term deposit rate In the LIBOR market, deposit rates for terms that range
from overnight to 10 years. With the exception of overnight (O/N) and
tomorrow next (T/N), the value date for term deposits is 2 (London)
business days from the transaction date. Also known as spot deposit rate.

term structure of deposit rates A graph or table of spot deposit rates
versus maturity of deposit. The graph of this data produces a yield curve.

term structure of volatility A graph or table of volatilities versus maturity
of instrument.

term TED spread The spread between the rates implied by a strip of
Eurodollar futures and the yield on a Treasury note.

terminal wealth The value to which one dollar invested today, at a defined
sequence of rates and with a complete reinvestment of periodic principal
and interest, will grow as of a given date in the future. Terminal wealth can
be calculated from a stub rate and consecutive Eurodollar futures rates. The
inverse of terminal wealth is the zero-coupon price, or present value, of $1
to be received on the terminal wealth date.

theta The change in the option price given the passing of 1 day.

value date The value date for a Eurodollar futures contract is 2 London
business days following its expiration date. In other words, the value date is
the third Wednesday of the contract month.

variation margin Describes the cash that is paid into or out of an account
to reflect changes in the market value of the position.

vega The change in the option price given a 1-percentage-point increase in
the option’s implied volatility.

vega-weighted spread trade An option volatility spread trade that is
structured so that the long and short options provide equal but offsetting
vegas. This ensures that the trade returns the same profit (or loss) if the
volatility spread changes, regardless of whether volatilities rise or fall.

volatility A measurement of the variability, usually expressed as a standard
deviation, of the underlying Eurodollar futures rate. Volatility is usually



measured as a relative rate volatility (i.e., a change in the rate as a percent
of the underlying rate), but can be measured in actual, or basis point, rate
changes. Volatility can be historical, implied, or realized.

volatility cone A graphical representation of the maximum and minimum
n- period historical volatilities estimated over any given history of prices or
interest rates. Especially useful for gauging the richness or cheapness of
options with different remaining times to expiration.

volume (of trading) The total number of contracts traded during any given
trading period.

yield to maturity The internal rate of return that sets the present value of a
bond’s cash flows (i.e., coupon and principal payments) equal to its full
price.

zero-coupon bond A bond that bears no coupons. Its price is less than 100
before maturity and 100 at maturity.

zero-coupon price The present value of one dollar for the stated term. A
forward cash flow multiplied by the associated zero-coupon price gives the
cash flow’s present value.

zero-coupon yield curve A curve that plots yields from zero-coupon bonds
versus time to maturity.

The shortest end of a dollar-based zero-coupon curve might be
calculated from Eurodollar term deposit rates; the middle of the curve from
Eurodollar futures rates; and the long end of the curve from interest rate
swap rates. When properly constructed, zero-coupon yield curves can be
used to calculate the present value of any cash flow on any date and to
calculate forward interest rates between any two forward dates. Zero-
coupon yield curves are the most basic building blocks for financial
engineers.
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Treasury volatility spread trading, 419–424
volatility curve spread, 415
volatility horizons, 417–418
volatility trades, 407
yield curve spread, 410

Treasury yield, 199
spread between callable agency notes and Treasury notes, 301–303
unweighted, 224
weighted, 228

Turn, the:
defined, 323, 325
effects on futures prices, 328–333
effects on LIBOR and Eurodollar volatilities, 335–338
“Eurodollar and LIBOR Turn Report,” Carr Futures report, 343
Eurodollar spread (December/March), 334



four-day, 325
hedging the stub, 343–347
implications for futures spreads, 333–335
implied turn rates, 332
LED spread (December), 333
LIBOR spread (December/January), 333
monitoring, 343–346
rate behavior, 326–328
rules of thumb, 330–332
spread trades, evaluating, 338–342
TED spread (December), 334
three-day, 325
trading, 134, 323–342, 343–350
turn-rate volatility, value of, 338
two-day, 325

Value dates, 217
Volatility, 365–370, 381–397, 404

break-even, 381
cones, 390–393, 430, 438
curve spread, 415
Eurodollar (see Eurodollar volatility)
Eurodollar volatility spread trading, 419–424
historical, 381
horizons, 417–418
implied, 370
implied rate distributions, 395–397
maturity structure, 390–393
period, 368
realized, 381
relative rate, 366
skews, 393–395
term structure of Eurodollar rate volatility, 386–389
trades, 407



Treasury volatility spread trading, 419–424
turn-rate, value of, 338
volatility calendar spread trade, 389–390
yield curve trade, 389

Volcker, Paul, 4, 7, 13

Yield curves, 18, 21, 125–129
coupon yield curve, 43
forward rate curve, 43, 125
inversion, 4
par coupon curve, 125
spread, 410
trades, 63–65, 389
zero-coupon curve, 43, 125

Yields
bond, 127
bond equivalent yield, semiannual, 176
continuously compounded, 177
Eurodollar, 199, 224
money market rates, 127
money market strip yield, 176
spread, between callable notes and Treasury notes, 301–303
Treasury, 199, 224

Zero-coupon bonds, 4, 21,103
calculating price, 72, 78
finding hedge, 80
price, 177

Zero-coupon note prices, 217
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1. Today, the Eurodollar futures final settlement price is based on a survey
conducted by the British Bankers’ Association of 16 reference banks in
London. The banks are asked at what rate they could borrow U.S. dollars
for a 3-month term. The responses are placed in rank order, and then the
middle two quartiles are arithmetically averaged. The final settlement
price is 100 minus this average rate, rounded to 4 decimal places.



1. All three of these contracts were based on 3-month LIBOR. In 1989, the
Tokyo International Financial Futures Exchange (TIFFE) listed a 3-
month Eurodollar contract that settled to TIBOR, the offered rate in
Tokyo.



2. The contract specifications were taken from the CME Rulebook as of
June 4, 2002. Please visit the CME’s website at www.cme.com for the
most recent information.



1. Excellent discussions of the relationships between these three yield
curves can be found in John C. Hull’s Options, Futures, and Other
Derivatives, 5th ed. (Upper Saddle River, NJ: Prentice Hall, 2003) and in
Antti Ilmanen’s “Overview of Forward Rate Analysis, Understanding the
Yield Curve: Part 1,” Salomon Brothers, May 1995.



2. Here, we modify the maturity dates of the cash market to exactly match
Eurodollar futures value dates, which fall on the third Wednesday of the
contract month.



3. We sold one contract for each $1 million of the cash transaction, but
more precise hedging methodology is discussed in “Hedging with
Eurodollar Futures,” chapter 5.



4. We discuss how to account for value date mismatches between the
LIBOR term deposit market and the Eurodollar futures market in
chapters 5 and 11.



5. We discuss hedge ratios in “Hedging with Eurodollar Futures,” chapter 5.



1. For a thorough explanation of swap conventions, please visit the website
of International Swaps and Derivatives Association, Inc. (ISDA) at
www.isda.org.



1. For a full explanation of the convexity bias, see “The Convexity Bias in
Eurodollar Futures,” chapter 7.



2. Delta and vega are terms commonly associated with options. Delta
represents the change in the option value given a change in the
underlying price (or rate). Vega represents the change in the option value
given a change in volatility. See chapter 19 for more on options.



1. Exceptions to this equal weighting are the spot “stub” rate, which covers
the period from the settlement date to the value date for the first futures
expiration, and the final futures rate in the strip, which typically covers
only a partial period. Just how we handle the stub rate, date mismatches,
and partial periods is explained in considerable detail in the technical
appendix to this note.



2. See chapter 7, “The Convexity Bias in Eurodollar Futures,” for a full
explanation of this convexity bias and the way we estimate its value.



1. Update 2002: The CME now offers bundles with maturities from 1 to 10
years, making the available number of bundles 190.



1. The link between price volatility and yield volatility for a noncallable
note can be represented roughly as:

Price volatility = [Modified duration × Yield] × Yield volatility



1. The chapters in parts 4 and 5 presuppose a basic familiarity with option
concepts and the use of option pricing models. For those who wish to
learn more about option pricing and risk characteristics, we recommend
John C. Hull’s Options, Futures, and Other Derivatives, 5th ed. (Upper
Saddle River, N.J.: Prentice Hall, 2003).



1. The contract specifications were taken from the CME Rulebook as of
June 4, 2002. Please visit the CME’s website at www.cme.com for the
most recent information.



1. Vega-weighted trades contain equal but offsetting amounts of vega from
the long and short options. This way, a one percentage point increase in
the volatility spread will deliver the same size profit (or loss), regardless
of the way in which the spread increases.



2. For a complete description of volatility cones, see Galen Burghardt and
Morton Lane, “How to Tell if Options Are Cheap,” Journal of Portfolio
Management, Winter 1990, vol. 16, no. 2.



1. Finding your break-even for a trade with different option expirations
provides an interesting insight into the relationship between volatility and
break-even price or rate changes. Day to day, the break-even change in
the underlying futures rate would be equal to [Futures rate × Implied
volatility × (1/Days in the year)1/2], where days in the year is 365 if you
work with a calendar year and is somewhere in the neighborhood of 250
if you work with a trading year. In this case, the futures rate is 5.82,
implied volatility is approximately 14 percent, so that a 1-calendar-day
break-even change in the rate would be plus or minus 4 basis points [=
5.82 – 0.140 – (1/365)1/2]. If you take an option all the way to expiration,
however, this rule of thumb is modified by taking 80 percent of [Futures
rate × Implied volatility × (Days to expiration/Days in the year)1/2]. In
this case, the break-even at expiration for the short June options would be
plus or minus 30 basis points [= 0.8 × 5.82 × 0.140 × (79/365)1/2], which
is about where the break-even lies in Exhibit 23.6. The 80 percent rule
for the break-even rate or price change at expiration assumes that the
position is delta-neutral on the trade date but is not rehedged thereafter.



2. You can calculate the forward volatility in this example by finding the
value of s2 that gives you [79 × 14.42 + 367 × s2] = 446 × 13.52 where
the squares of the volatilities are weighted by the number of days in their
respective periods.



1. Certain definitions are taken from the Chicago Mercantile Exchange’s
glossary and from the Chicago Mercantile Exchange Rulebook, both of
which can be found in full at www.cme.com.
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