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Foreword

bout a half century ago began a remarkable intellectual revolution

which transformed the field of finance from a collection of anecdotes
and accounting identities into a scientific discipline with general principles
and rigorous empirical assessments of its hypotheses. In the ensuing
decades, finance science was both shaped, and shaped by, the extraordinary
transformation of the practice of finance.

Oldrich Vasicek was one of the pioneer scientists to provide founda-
tional contributions in the pricing and risk measurement of fixed income
securities—default-free bonds that form the term structure of interest rates,
and credit-risky bonds and loans—and to implement them in practice. Here
we have the collection of the original papers and articles of his intellectual
history of thought—with the content of the models still applicable today.

Whether a master researcher, experienced finance professional or novice
student of finance, you are in for a treat.

Bon appetit!

Robert C. Merton

Distinguished Professor of Finance

MIT Sloan School of Management

1997 Nobel Memorial Prize in Economic Sciences



Preface

his book is a selection of my published and unpublished papers written

between 1968, when I came to the United States, and 2014. The ideas for
them came to me at different times and in different circumstances. I have
worked as a theoretical mathematician in the Czech Academy of Sciences,
as a vice-president in a large U.S. bank, as an external consultant in a small
investment technology software developer, as a full-time professor and a vis-
iting professor at several universities. I have been a founding partner and
a managing director in a startup, a special adviser for a large bond rating
firm and, since 2010, an independent researcher not associated with any
institution.

I cannot say which was the most satisfying. It has all been fun, and still is.
I have met, and in many cases worked with, many extremely interesting and
capable people. These meetings, discussions, and collaboration have meant
a lot to me.

I have usually worked somewhat outside the organizational structure. I
have never had a subordinate, which was exactly as I wanted it. And I have
been very fortunate that I rarely found much discrepancy between what I
wanted to work on, and between what seemed to be needed at the time.

I have enjoyed collaborating with other people. A number of the papers
in this collection are joint works. I would like to take this opportunity to
thank my coauthors: Gifford Fong, my one-time employer and long-time
friend, with whom I wrote six of the papers here; John McQuown, who
hired me to Wells Fargo Bank on my arrival to the USA, with whom, along
with Stephen Kealhofer, we founded the KMV Corporation years later, and
with whom I have been friends the whole time; my colleague at the Uni-
versity of Rochester, the late Professor Julian Keilson; and the tireless and
resourceful Professor Helyette Geman, who arranged my pleasant stay at
ESSEC. I appreciate their input, insights, and joint work.

I would like to express my thanks and appreciation to many people.
There are some, however, that I cannot but mention specifically: my father,
JUDr. Oldrich Vasicek, who encouraged and supported my interest in math-
ematics from early childhood; the late Professor Alois Apfelbeck, much
feared for his first-year analysis class, who singlehandedly, and success-
fully, opposed the Party authorities from expelling me from the university;

xi



Xii PREFACE

John McQuown, who introduced me to finance; Professor Richard Roll,
whose critique of an earlier draft of my 1977 paper made me to rewrite it
for much improvement; and Professor Robert Merton, one of the smartest
yet gracious people I know. To these and many other people who helped me
by advice, debate, collaboration, or example, I wish to give my gratitude.

Oldrich Alfons Vasicek
August 2014
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Efforts and Opinions

“W lot of attention goes to the pricing of various complicated
debt instruments because those instruments are becoming more
common. That’s needed short-term. I think long-term it’s
important to understand the more basic problem we were talking
about before — what exactly goes into the pricing of the straight
debt of a firm. That’s the economics of credit, not the valuation of
assorted derivatives. There is too much mathematics and too little
economics in finance nowadays. That may sound funny coming
from a mathematician, but nevertheless that’s my opinion. We
must not forget that the subject of finance is economic decisions™.

(page 15)
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Introduction to Part |

he past fifty years or so have been a time of great bloom in the field of

finance. This period has seen the birth of concepts such as variance as a
quantitative definition of risk, portfolio diversification as a means of control-
ling risk, portfolio optimization in the mean/variance framework, expected
utility maximization as an investment and consumption decision making
criterion. These notions were applied in the development of Capital Asset
Pricing Model to describe the market equilibrium, to the concepts of system-
atic and specific risks and the introduction of asset beta. We have witnessed
the revolution brought by the theory of options pricing. We have seen the
appearance of the general principle of asset pricing as the present value of
the cash flows expected under the risk-neutral probability measure. We have
seen the development of the theory of the term structure of interest rates and
the pricing of interest rate derivatives.

These theoretical developments have been accompanied by equally
exciting changes in investment practices and indeed in the nature of capital
markets. Few of us can still envision investment decision making without
quantitative risk measurement, without hedging techniques, without deep
and efficient markets for futures and options, without swaps and interest
rate derivatives, and without computer models to price such instruments.
And yet, these are all very recent developments, It has not been much
longer than some thirty years ago that the very notion of an index fund was
greeted with disbelief, if not outright ridicule!

[ had the great fortune to be cast right into the middle of such develop-
ments when I joined the Management Science Department of Wells Fargo
Bank in 1969. The annual conferences organized by Wells Fargo in the early
seventies brought together people such as Franco Modigliani, Merton Miller,
Jack Treynor, William Sharpe, Fisher Black, Myron Scholes, Robert Merton,
Richard Roll and many others. The second half of the twentieth century was

Risk, 72-73, December 2002



4 EFFORTS AND OPINIONS

in my eyes as exciting in the field of finance as the first half must have been in
physics.

I have worked on a variety of projects at Wells Fargo and later at the
University of Rochester and the University of California at Berkeley, but
one thing that bothered me for quite a while in the mid-seventies was the
absence of solid results on the pricing of bonds. At that time, the CAPM was
already in existence, and people had tried to apply it to bonds by measuring
their betas to determine the yield, but that did not really lead anywhere. The
options pricing theory had also been freshly developed by then, but it did
not seem very feasible to apply a theory of pricing derivative assets to assets
as primary as government bonds. What would be the underlying?

And yet, it was obvious that there must be some conditions that govern
interest rate behavior in efficient markets. You cannot have, for instance,
a fixed-income market in which the yield curves are always flat and move
up and down in some random fashion through time, because then a barbell
portfolio would always outperform a bullet portfolio of the same duration,
and therefore it would be possible to set up a profitable riskless arbitrage.
But what are these conditions?

The clue came from comparing the return to maturity on a term bond to
that of a repeated investment in a shorter bond. The common denominator
between bonds of any maturity would be a rollover of the very short bond,
and thus it seemed natural to postulate that the pricing of a bond should be
a function of the short rate over its term. And once the idea of describing the
short rate by a Markov process came to me, it became obvious: the future
behavior of the short rate is determined by its current value and therefore
the price of the bond must be a function of the short rate! From then on,
it’s mathematics: in order to exclude riskless arbitrage, this function must be
such that the expected excess return on each bond is proportional to its risk,
which gives rise to a partial differential equation. The boundary condition
of this equation is the maturity value, and the solution is the bond price.
This was my 1977 paper. (Curiously, the thing that became known as the
Vasicek model was just an example that I put in that paper to illustrate the
general theory on a specific case. Well, you never know.)

Since then, it was like opening Pandora’s box. Great many papers fol-
lowed, extending the model in various ways—multiple factors, non-Markov
risk sources, development of various specific models for practical use. One
paper I have a great respect for is the Cox, Ingersoll and Ross article (for
some reason, they did not publish the paper until 1985, although they did
the work many years earlier), because it is about more than interest rates: it
is about an equilibrium in the bond market.

A big shift came in 1986 with the publication of the Ho and Lee paper.
This article presented a simple interest rate model, which was just a special
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case of my theory. The shift was in the interpretation: Ho and Lee assumed
that the current bond prices were given (equal to the actual observed prices)
and concerned themselves with pricing interest rate derivatives. This, of
course, allows very useful applications for valuation of various instruments
from simple callable bonds to the most complex swaptions.

The Ho and Lee paper engendered a great development effort in that
direction, including the 1992 paper by Heath, Jarrow, and Morton, which
formalized this approach. This direction was in fact taken further: There
are models that assume as given not only the current bond prices, but also
prices of caps and floors or even more. These models, used then to value
other derivatives, have the great virtue of fitting the current market pricing
of the more primary assets.

While I appreciate the usefulness of these models, I somewhat regret
the direction away from the economics. To ask how derivatives are priced
given the pricing of bonds seems to me assuming away the more interesting
question: How are bonds priced? I personally hope to see a return to efforts
to understand the economics, rather just to aid trading.

A similar situation has arisen in default risk measurement and pricing,
another subject dear to my heart. The so-called reduced-form models, which
have been advocated for the purpose of credit risk analysis, assume that cor-
porate debt prices are given and use these prices to value debt derivatives.
Again, to me it seems that the more interesting question is how to price
corporate debt. Fortunately, this is possible given the legacy of Merton,
Black, and Scholes, since corporate liabilities are derivatives of the firm’s
asset value, and a structural model of the firm can price its debt (and debt
derivatives) from equity prices.

As appreciative as I am of the past in the field of finance, [ am equally
enthusiastic about its future. There will be no lack of problems to address,
and there will be no lack of talent to solve them. Indeed, it is the professionals
in this area of endeavor that are its greatest assets, and [ am grateful to have
worked with, and learned from, so many of them.
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Lifetime Achievement Award

By Dwight Cass

In the late 1960s, Wells Fargo Bank in San Francisco assembled a team of
uniquely gifted thinkers who would go on to push the boundaries of finan-
cial theory. Working alongside William Sharpe, Myron Scholes, Fisher Black,
and Robert Merton at the time was Oldrich Vasicek, who is Risk’s lifetime
achievement award recipient. Like his Wells Fargo colleagues, Vasicek has
had a profound effect on both financial theory and practice. His equilib-
rium model of the term structure of interest rates is widely acknowledged
as the landmark work in the field, and many credit it for setting off the
series of modeling innovations that paved the way for the rapid growth of
the interest rate derivatives market. Ten years later, he developed a ground-
breaking credit portfolio risk model that paved the way for the approaches
incorporated in the Basel II capital Accord.

Among market practitioners, he is perhaps best known for co-founding
KMV, the San Francisco credit analysis firm, and for using Scholes,
Black, and Merton’s insights on option pricing to develop the expected
default frequency (EDF) credit pricing system—a so-called Merton model
approach—at the heart of KMV’s product line. The company has been
extremely successful, with KMV claiming more than 70 percent of the
world’s largest financial institutions as clients. It is hard to find a major
credit derivatives dealer or loan house that does not use it. The success of

Risk, 44-45, January 2002



