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Preface

This book is the result of the theoretical and empirical research that the authors have
undertaken throughout their careers on the topic of economic and productive effi-
ciency measurement. This has been a recursive research topic since the last quarter of
the twentieth century, which started with Michael Farrell’s seminal work on
decomposing economic efficiency according to technical and allocative criteria.
Our text offers a comprehensive account of the microeconomic foundations of the
decomposition of cost, revenue, profitability, and profit efficiency using a wide range
of technical efficiency models that result in distinct multiplicative and additive
approaches.

The guiding framework is that of duality theory, relating the equivalent repre-
sentation of firms’ behavior either through the production technology or the afore-
mentioned economic functions. This theoretical construction relates a (dual)
representation of the economic behavior of the firm in terms of a supporting function
with a (primal) characterization on the production technology. Under the assumption
of producers behaving as price takers, their technologies could be equivalently
described by dual cost, revenue, profitability, or profit functions. This simply states
that thanks to duality theory we can mathematically recover the primal and dual
representations of firms’ behavior from each other, provided that some axioms or
assumptions are satisfied, that is, regularity conditions, for example, convexity. As
firms produce multiple outputs using multiple inputs, the primal representation of the
technology relies on the technical efficiency concept, or, more generally, the math-
ematical notion of distance function. In a production context, duality has witnessed a
revival in business economics as it represents the essential cornerstone in the
benchmarking of firms through frontier analysis. The idea can be summarized in a
simple way. Economic efficiency is defined as the gap between a maximum attain-
able economic goal and that which is actually achieved by a firm under evaluation
(e.g., maximum profit versus observed profit), and this difference can be attributed to
technical inefficiencies related to engineering shortcomings (in the quantity space)
and allocative inefficiency related to market mismanagement practices (including the
price space). Duality theory allows to decompose economic inefficiency in these two
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mutually exclusive components and thereby identify the sources of a suboptimal
economic behavior. In the benchmarking process, it provides guidance for under-
standing what is wrong within the firm when compared to its competitors. Moreover,
the existence of many dual relationships between particular distance functions
(input, output, generalized, directional, Holder) and their supporting economic
functions (cost, revenue, profit and profitability) offers the researcher the possibility
of choosing which perspective of the firm is best suited for the analysis, depending
on the specificities of the study at hand.

In this text, we are not only concerned about the theoretical underpinnings of
economic efficiency, but we also pay attention to the practical side of efficiency
measurement. With this aim in mind, we present, and introduce when necessary, the
different formulations that allow implementing the different models through math-
ematical programming techniques known as data envelopment analysis (DEA). We
present the optimization programs that solve both the classic and the new models.
We illustrate the different models with straightforward examples and a real-life
common dataset. This allows us to show that results vary depending on the specific
model chosen by the analyst and that different answers to the benchmarking exercise
may be obtained depending on the alternative characterizations of the economic goal
and the technology. For example, whether the distance function can capture indi-
vidual inefficiencies related to particular inputs or outputs (e.g., additive versus
multiplicative models), how the reference efficient subset on the technological
frontier is defined in terms of returns to scale, and the existence of strong or weak
disposability. For each distance function definition and its associated economic
efficiency DEA model, we discuss its relative pros and cons in terms of their
economic interpretation, flexibility, and ability to capture all sources of
(in)efficiency.

Moreover, the different examples and empirical applications are solved using a
set of functions coded in the suitable and open environment represented by the Julia
language. This set of functions is available to practitioners in the form of a self-
contained package, allowing them to undertake research on their own without having
to program the models by themselves. Practitioners can edit and change the specific
functions, adapting the code according to their needs. The software is open source
and is freely available at its dedicated site: www.benchmarkingeconomicefficiency.
com. For most of the models it relies on linear optimization, but it also makes use of
advanced computational methods of non-linear programming, including, among
others, second-order cone programming (SOCP) and quadratic optimization
methods linked to the use of special ordered sets (SOS). Using this toolbox and a
collection of specific Jupiter notebooks associated with each chapter, we illustrate
the practice of economic efficiency measurement following a step-by-step approach.
This allows us to illustrate how different models lead to alternative decompositions
of economic efficiency. Ultimately, our goal is to provide guidance on the best
alternatives by taking into consideration the set of desirable properties that economic
efficiency models should satisfy.

Most of the chapters draw from publications by the authors in field journals at the
intersection of management science, economics, and operations research: Omega-
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The International Journal of Management Science, European Journal of Opera-
tional Research, Journal of Optimization Theory and Applications, Journal of
Productivity Analysis, Economic Theory, and Journal of the Operational Research
Society, among others. In each of these chapters, we present a particular model of
interest, including the details of the mathematical proofs and relevant examples that
highlight its characteristics and how it compares to previous proposals in the
literature. We are grateful to successive area editors that have promoted and man-
aged the publications of relevant chapters in the field over the years, including
Robert Dyson, Joe Zhu, William Greene, Robin Sickles, Knox Lovell, and many
others. We have also benefited from regular conference meetings such as the
European Workshop on Efficiency and Productivity Analysis and the North Amer-
ican Productivity Workshop, organized thanks to efforts of many members of its
current partner society, the International Society for Efficiency and Productivity
Analysis (ISEPA). We are grateful to participants at these conferences as well as to
attendees at several workshops and seminars worldwide where we have presented
the models included in the book.

We are intellectually indebted to the innovators whose contributions have been a
constant guidance and source of inspiration to our research. Besides Farrell’s
original contribution, we have also been influenced by the work of Gérard Debreu,
Tjalling Koopmans, and Ronald Shephard in the field of economics, and Abraham
Charnes and William Cooper in the area of operations research. Authors whose
studies encouraged later developments by many other scholars are intellectually
responsible for the thriving state of the discipline. Our book is also intended to
continue the path marked by both classic and authoritative texts on production
economics, duality theory, and economic efficiency. In the 1970s, these were
represented by the second volume of the series Frontiers of Quantitative Economics,
edited by Michael Intriligator and David Kendrick—particularly the chapter by
Erwin Diewert, as well as Daniel McFadden’s book, along with Melvin Fuss,
Production Economics: A Dual Approach to Theory and Applications. In the
1980s, the Measurement of Efficiency of Production by Rolf Fire, Shawna
Grosskopf, and C. A. Knox Lovell, who quite surprisingly made no reference to
duality theory, and the more accessible text Applied Production Analysis: A Dual
Approach, by Robert Chambers. In the 1990s, the concise Multi-Output Production
and Duality by Rolf Fire and Daniel Primont ably summarized the state of the art on
economic efficiency measurement based on duality theory, while Bert Balk followed
suit focusing on index number theory with his Industrial Price, Quantity, and
Productivity Indices. These contributions constitute a clear timeline in the discipline
of economic efficiency measurement, which we intend to bring up to date with the
latest research in the field. The references included in the bibliography bear witness
of the exponential growth of interest that these methods have drawn among scholars,
researchers, and practitioners in the field.

Our work has benefited from these and other outstanding personalities in the area,
some of which we mention again now as coauthors to whom we owe stimulus and
motivation. It has been a pleasure to collaborate with them throughout the years. In
particular Bert Balk, William Cooper, Knox Lovell, Subhash Ray, and Joe Zhu. The
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association with these authors has resulted in the edition of two relevant volumes,
entitled Advances in Efficiency and Productivity, published in 2016 and 2020 by
Springer Nature in its International Series in Operations Research & Management
Science. Many ideas presented in the chapters of these books have a direct relation
with our text, and we are grateful to the authors for their contributions.

On the Spanish side, it would not have been possible to complete the book
without the constant support and understanding of our colleagues from the Center
for Operations Research at Miguel Hernandez University of Elche (Alicante), and
from the Economics Department at Universidad Auténoma de Madrid. Among
former students, who are now outstanding colleagues, we would like to acknowledge
Javier Barbero, currently economic analyst at the Directorate for Growth & Innova-
tion in the European Commission-Joint Research Centre (JRC), for providing
constant and invaluable support in the computational implementation of the models,
as well as for compiling the set of functions in Julia, accompanying the book.

We thank Joe Zhu as area editor of Springer Nature’s International Series in
Operations Research & Management Science for his continuous support, patience,
and understanding. We are also grateful to Matthew Amboy as the original senior
editor for business and economics, as well as Maria David, the designated manager
for this project. The authors thank the financial support from the Spanish Ministry of
Science and Innovation and the State Research Agency under grant PID2019-
105952GB-100/ AEI / 10.13039/501100011033. J. L. Zofio also thanks the support
from the Spanish Ministry of Science and Innovation and the State Research Agency
under grant EIN2020-112260. Additionally, we acknowledge continuous support
from the Spanish State Research Agency under several successive grants
(MTM2013-43903-P, MTM2016-79765-P).

Last but not least, a few words of gratitude and encouragement to our readers
interested in the measurement and decomposition of economic efficiency. At the
time of writing the book, we intended it to be as accessible as possible for
non-experts, so we included material covering the basics of the discipline. However,
after the initial chapters devoted to this purpose, we delve into the most recent and
advanced results offered in this active area of the efficiency and productivity
literature. We also provide notebooks to solve the common examples aimed at
facilitating the use of the accompanying software, so readers can undertake eco-
nomic efficiency analysis on their own. In this respect, we thank you in anticipation
for any comments or suggestions aimed at improving the text, the “hardware” of this
project, as well as the software and learning material accompanying it.

Elche, Alicante, Spain Jesus T. Pastor
Juan Aparicio
Madrid, Spain José L. Zofio
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