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Quantile regression is gradually emerging as a unified statistical methodology for
estimating models of conditional quantile functions. By complementing the exclu-
sive focus of classical least-squares regression on the conditional mean, quantile
regression offers a systematic strategy for examining how covariates influence the
location, scale, and shape of the entire response distribution. This monograph is
the first comprehensive treatment of the subject, encompassing models that are
linear and nonlinear, parametric and nonparametric. The author has devoted more
than 25 years of research to this topic. The methods are illustrated with a variety
of applications from economics, biology, ecology, and finance. The treatment will
find its core audiences in econometrics, statistics, and biostatistics.
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Preface

Francis Galton in a famous passage defending the “charms of statistics” against
its many detractors, chided his statistical colleagues

[who] limited their inquiries to Averages, and do not seem to revel in more
comprehensive views. Their souls seem as dull to the charm of variety as that
of a native of one of our flat English counties, whose retrospect of Switzerland
was that, if the mountains could be thrown into its lakes, two nuisances would
be got rid of at once (Natural Inheritance, p. 62).

It is the fundamental task of statistics to bring order out of the diversity —
at times the apparent chaos — of scientific observation. And this task is often
very effectively accomplished by exploring how averages of certain variables
depend on the values of other “conditioning” variables. The method of least
squares, which pervades statistics, is admirably suited for this purpose. And
yet, like Galton, one may question whether the exclusive focus on conditional
mean relations among variables ignores some ‘“charm of variety” in matters
statistical.

As a resident of one of the flattest American counties, my recollections of
Switzerland and its attractive nuisances are quite different from the retrospect
described by Galton. Not only the Swiss landscape, but also many of its dis-
tinguished statisticians have in recent years made us more aware of the charms
and perils of the diversity of observations and the consequences of too blindly
limiting our inquiry to averages.

Quantile regression offers the opportunity for a more complete view of
the statistical landscape and the relationships among stochastic variables. The
simple expedient of replacing the familiar notions of sorting and ranking ob-
servations in the most elementary one-sample context by optimization enables
us to extend these ideas to a much broader class of statistical models. Just as
minimizing sums of squares permits us to estimate a wide variety of mod-
els for conditional mean functions, minimizing a simple asymmetric version
of absolute errors yields estimates for conditional quantile functions. For lin-
ear parametric models, computation is greatly facilitated by the reformulation
of the optimization problem as a parametric linear program. Formal duality
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Xiv Preface

results for linear programs yield a new approach to rank statistics and rank-
based inference for linear models.

I hope that this book can provide a comprehensive introduction to quantile
regression methods and that it will serve to stimulate others to explore and
further develop these ideas in their own research. Because ultimately the test
of any statistical method must be its success in applications, I have sought to
illustrate the application of quantile regression methods throughout the book
wherever possible. Formal mathematical development, which plays an indis-
pensable role in clarifying precise conditions under which statistical methods
can be expected to perform reliably and efficiently, are generally downplayed,
but Chapter 4 is devoted to an exposition of some of the basic asymptotic
theory of quantile regression, and other chapters include technical material that
provides further mathematical details.

Statistical software for quantile regression is now widely available in many
well-known statistical packages. Fellow R users will undoubtedly recognize
by the graphics that I am an R-ophile. I have devoted considerable research
energy over the years to the development of software for quantile regression,
first while I was at Bell Laboratories in the S language of John Chambers,
later in S’s commercial manifestation Splus, and in recent years in its splendid
open-source embodiment R.

I am extremely grateful to many colleagues who have, over the years, col-
laborated on various aspects of the work described here. Gib Bassett, first and
foremost, whose Ph.D. thesis on /;-regression served as a springboard for much
of our subsequent work on this subject, has been a continuing source of insight
and enthusiastic support. Jana Jureckova, who took an early interest in this line
of research, has made an enormous contribution to the subject, especially in de-
veloping the close connection between quantile regression ideas and rank statis-
tics in work with Cornelius Gutenbrunner. Recently, I have had the pleasure
of working with Zhijie Xiao and Ivan Mizera on time-series and multivariate
smoothing problems, respectively. Independent work by David Ruppert, Ray
Carroll, Alan Welsh, Tertius Dewet, Jim Powell, Gary Chamberlain, Xuming
He, Keith Knight, Probal Chaudhuri, Hira Koul, Marc Hallin, Brian Cade,
Moshe Buchinsky, Berndt Fitzenberger, Victor Chernozhukov, and Andrew
Chesher, among others, has also played a crucial role in the development of
these ideas.

Continuing collaboration over the past decade with a number of Ph.D. stu-
dents including José Machado, Pin Ng, Quanshui Zhao, Yannis Bilias, Beum-Jo
Park, M. N. Hasan, Daniel Morillo, Ted Juhl, Olga Geling, Gregory Kordas,
Lingjie Ma, Ying Wei, Roberto Perrelli, and Carlos Lamarche has been espe-
cially rewarding.

Some of the material was originally prepared for short courses offered at
the 1997 Brazilian Statistical Association meeting at Campos do Jordao, the
2001 South African Statistical Association Annual Conference in Goudini Spa,
in the spring of 2003 at University College London, and in the fall of 2003 at
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Preface XV

the NAKE Workshop in Groningen. I would like to express my appreciation to
organizers and participants for their comments and suggestions.

I would like to specially thank Steve Portnoy, with whom I have collaborated
over many years on many aspects of quantile regression. He has been a great
source of encouragement and inspiration from our earliest discussions in the
mid-1970s. Originally, we had planned to write this book together, but in the end
Steve’s impatience with revisiting the scenes of old research and his eagerness
to get on with the new proved even greater than my own, and I have had to fend
for myself; readers are the poorer for it.

I would also like to express my appreciation to various institutions that
have provided hospitable environments for this research: Bell Laboratories,
Australian National University, Charles University, University College London,
and my academic home for most of my career, the University of Illinois.
Research support by the National Science Foundation over an extended period
has contributed significantly and is deeply appreciated.

And finally, my most heartfelt thanks — to my wife Diane and daughter
Hannah.

Urbana, July 2, 2004
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