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Preface

The volatility of major asset classes is a key driver of portfolio performance af-
fecting institutional and individual investors alike. Portfolio volatility may be man-
aged by diversification through asset allocation and security selection decisions as
well as by derivatives supplying direct exposure to volatility. Of the two main tra-
ditional assets—stocks and bonds—volatility derivatives and methodologies under-
lying their designs and pricing have been well-developed for equity markets, while
fixed income markets have lagged in this respect despite its principal role in capital
markets. This book fills, or at least aims to significantly narrow, this gap.

While the exposition of this book is of a theoretical nature, its ultimate objec-
tive is to serve as a foundation upon which a market for standardized fixed in-
come volatility trading may be built. In fact, some of the interest rate volatility
index designs proposed in this book have already been brought to life in the US
and in Japan—by far the two largest government bond markets by notional out-
standing. The Chicago Board Options Exchange (CBOE), home to the omnipresent
CBOE Volatility Index® (VIX®), launched the CBOE Swap Rate Volatility IndexSM

(SRVIXSM) in 2012, and subsequently partnered with the CME Group to launch the
CBOE/CBOT 10-Year US Treasury Note Volatility IndexSM (TYVIXSM) in 2013.
Across the Pacific, S&P Dow Jones Indices and Japan Exchange Group partnered
to launch the S&P/JPX JGB VIX in 2015; a Japanese Government Bond analogue
of TYVIX. CBOE listed TYVIX futures in 2014 as its first-ever listed derivative for
standardized fixed income volatility trading, and counterpart to its popular VIX for
broad equity market volatility trading.

This book presents a unified fixed income volatility evaluation framework and
in-depth accounts of its application to four major fixed income asset sub-classes:
interest rate swaps, government bonds, time deposits, and credit. It develops model-
free, forward-looking volatility indexes for each of these asset types, which involves
dealing with disparate market conventions and numerous complexities that are ab-
sent when pricing equity volatility. Some of these complexities had long been rec-
ognized by practitioners as hurdles for creating VIX-like indexes for interest rate
volatility, but left bereft of mathematically rigorous solutions for a number of years,
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vi Preface

which presumably contributed to the stunted development of standardized measure-
ment and trading of fixed income volatility until recently.

Our work draws its origins from a series of research notes and implementation
details that we developed over the last six years. The present monograph organizes
this work in a self-contained fashion by providing the reader with a comprehensive
piece with interconnected parts. Our work does not focus on purely mathematical
innovations; rather, it relies on existing methods and develops new tools aimed at
facilitating contract evaluation in the fixed income space. It is our hope that this
work will lead to significant and positive contributions in the world of financial
engineering, and will help investors measure and better manage risks arising from
fixed income volatility.

This book will appeal to both applied researchers and theorists. Researchers in
academia and at financial institutions are the main audience of this book, while ad-
vanced students in finance, economics, and mathematics should also find the mate-
rial useful for further study in the area of asset pricing. Applied researchers will gain
access to the mathematically rigorous background required for undertaking empiri-
cal research in relatively new topics such as: time series behavior of forward-looking
interest rate volatility indexes; interest rate volatility risk-premiums; linkages be-
tween volatility and market liquidity; and the impact of macroeconomic develop-
ments and monetary policy on fixed income volatility. Theorists will find contribu-
tions to an exciting area in asset pricing regarding interest rate volatility evaluation
as well as the evaluation of new financial products referenced to forward-looking
gauges of interest rate volatility, such as TYVIX futures.

Last but not least, we are very grateful to seven anonymous reviewers for their in-
sightful comments on our work and valuable suggestions, and to Dr. Catriona Byrne
at Springer for coordinating the countless moving parts involved in bringing this
project to fruition. We also thank Kodjo Apedjinou, Giovanni Barone-Adesi, Ruslan
Bibkov, Peter Carr, Praveen Korapaty, Catherine Shalen, and David Wright for com-
ments and suggestions throughout this project, Shihao Yang for excellent research
assistance, and audiences at the IAQF (International Association of Quantitative
Finance) Thalesian seminar in New York University, Jane Street Capital, Kellogg
School of Management, Morgan Stanley Quantitative Risk Modeling Group in New
York, the NYU-Stern Volatility Institute, the 7th Annual Risk Management Con-
ference at National University of Singapore, the 4th Annual Global Derivatives in
Chicago, the 19th Annual RISK USA Conference in New York, the 1st and the 3rd
CBOE Risk Management Conference in Europe (Dublin), the 8th Annual Meeting
of the Swiss Finance Institute in Geneva, and a Swiss Finance Institute Knowledge
Transfer Workshop in Lugano for remaining comments. However, we retain full
responsibility for any remaining omissions or mistakes.

Antonio Mele
Yoshiki Obayashi

Lugano, Switzerland
New York, USA
September 2, 2015
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Chapter 1
Introduction

1.1 Background

On the 6th and 7th of August 2008, the Bank of England’s Monetary Policy Com-
mittee convened to decide on the course of its monetary policy. The economic en-
vironment during the few weeks preceding Lehman Brothers’ collapse made this a
difficult task. The inflationary pressures mounting in the UK pointed towards higher
interest rates, yet the fragility of the global financial system caused by the subprime
mortgage crisis, and the UK’s substantial exposure to it, pointed towards a policy of
low interest rates. The Committee considered three polarized scenarios: an immedi-
ate increase in the Bank rate, a cut, and a continuation of the status quo. The major-
ity of the Committee voted in favor of keeping the Bank rate unchanged, with one
member voting for an increase and another for a decrease (Bank of England 2008).
Many other outcomes were arguably conceivable during the summer of 2008.

How can one hedge against, or express views on, uncertainties surrounding in-
terest rate movements? Interest rate volatility has traditionally been traded through
option-based strategies such as a straddle, which is comprised of long positions in
both a payer and a receiver swaption, which may pay off if swap rates experience
heightened volatility during the life of the trade. However, a common frustration
is that such strategies do not necessarily lead to profits consistent with directional
volatility views. As with equity option straddles, swaption straddles suffer from
“price dependency,” which is the sensitivity of returns to not only the absolute move-
ment of the underlying, i.e. volatility, but also to its direction. Together with other
market forces, this problem likely contributed to the emergence of variance swap
contracts in equity markets that better align directional views with payoffs, as well
as dedicated volatility derivatives such as those tied to the Chicago Board Options
Exchange’s (“CBOE”) Volatility Index (“VIX”).

Variance swap contracts are defined as forward agreements whereby one party
receives payments tied to the realized variance of the price of a security over a given
horizon. They overcome challenges that arise when hedging volatility using options
(a straddle, say) by insulating the volatility component of a “dirty” P&L that is mud-
dled by path dependency. The CBOE VIX is linked to the fair value of a variance
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