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17.6 The Bühlmann–Straub Model 422
17.7 Exact Credibility 427
17.8 Notes and References 431
17.9 Exercises 432

18 Empirical Bayes Parameter Estimation 445

18.1 Introduction 445
18.2 Nonparametric Estimation 448
18.3 Semiparametric Estimation 459
18.4 Notes and References 460
18.5 Exercises 460



CONTENTS xi

Part VI Simulation

19 Simulation 467

19.1 Basics of Simulation 467
19.1.1 The Simulation Approach 468
19.1.2 Exercises 472

19.2 Simulation for Specific Distributions 472
19.2.1 Discrete Mixtures 472
19.2.2 Time or Age of Death from a Life Table 473
19.2.3 Simulating from the (𝑎, 𝑏, 0) Class 474
19.2.4 Normal and Lognormal Distributions 476
19.2.5 Exercises 477

19.3 Determining the Sample Size 477
19.3.1 Exercises 479

19.4 Examples of Simulation in Actuarial Modeling 480
19.4.1 Aggregate Loss Calculations 480
19.4.2 Examples of Lack of Independence 480
19.4.3 Simulation Analysis of the Two Examples 481
19.4.4 The Use of Simulation to Determine Risk Measures 484
19.4.5 Statistical Analyses 484
19.4.6 Exercises 486

A An Inventory of Continuous Distributions 489

A.1 Introduction 489
A.2 The Transformed Beta Family 493

A.2.1 The Four-Parameter Distribution 493
A.2.2 Three-Parameter Distributions 493
A.2.3 Two-Parameter Distributions 494

A.3 The Transformed Gamma Family 496
A.3.1 Three-Parameter Distributions 496
A.3.2 Two-Parameter Distributions 497
A.3.3 One-Parameter Distributions 499

A.4 Distributions for Large Losses 499
A.4.1 Extreme Value Distributions 499
A.4.2 Generalized Pareto Distributions 500

A.5 Other Distributions 501
A.6 Distributions with Finite Support 502

B An Inventory of Discrete Distributions 505

B.1 Introduction 505
B.2 The (𝑎, 𝑏, 0) Class 506
B.3 The (𝑎, 𝑏, 1) Class 507

B.3.1 The Zero-Truncated Subclass 507
B.3.2 The Zero-Modified Subclass 509

B.4 The Compound Class 509
B.4.1 Some Compound Distributions 510

B.5 A Hierarchy of Discrete Distributions 511



xii CONTENTS

C Frequency and Severity Relationships 513

D The Recursive Formula 515

E Discretization of the Severity Distribution 517

E.1 The Method of Rounding 517
E.2 Mean Preserving 518
E.3 Undiscretization of a Discretized Distribution 518

References 521

Index 529



PREFACE

The preface to the first edition of this text explained our mission as follows:

This textbook is organized around the principle that much of actuarial science consists of
the construction and analysis of mathematical models that describe the process by which
funds flow into and out of an insurance system. An analysis of the entire system is beyond
the scope of a single text, so we have concentrated our efforts on the loss process, that is,
the outflow of cash due to the payment of benefits.

We have not assumed that the reader has any substantial knowledge of insurance
systems. Insurance terms are defined when they are first used. In fact, most of the
material could be disassociated from the insurance process altogether, and this book could
be just another applied statistics text. What we have done is kept the examples focused
on insurance, presented the material in the language and context of insurance, and tried
to avoid getting into statistical methods that are not relevant with respect to the problems
being addressed.

We will not repeat the evolution of the text over the first four editions but will instead
focus on the key changes in this edition. They are:

1. Since the first edition, this text has been a major resource for professional actuarial
exams. When the curriculum for these exams changes it is incumbent on us to
revise the book accordingly. For exams administered after July 1, 2018, the Society
of Actuaries will be using a new syllabus with new learning objectives. Exam C
(Construction of Actuarial Models) will be replaced by Exam STAM (Short-Term
Actuarial Mathematics). As topics move in and out, it is necessary to adjust the
presentation so that candidates who only want to study the topics on their exam can

xiii
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do so without frequent breaks in the exposition. As has been the case, we continue to
include topics not on the exam syllabus that we believe are of interest.

2. Thematerial on nonparametric estimation, such as theKaplan–Meier estimate, is being
moved to the new Exam LTAM (Long-Term Actuarial Mathematics). Therefore, this
material and the large sample approximations have been consolidated.

3. The previous editions had not assumed knowledge of mathematical statistics. Hence
some of that education was woven throughout. The revised Society of Actuaries
requirements now include mathematical statistics as a Validation by Educational
Experience (VEE) requirement. Material that overlaps with this subject has been
isolated, so exam candidates can focus on material that extends the VEE knowledge.

4. The section on score-based approaches to model selection now includes the Akaike
Information Criterion in addition to the Schwarz Bayesian Criterion.

5. Examples and exercises have been added and other clarifications provided where
needed.

6. The appendix on numerical optimization and solution of systems of equations has
been removed. At the time the first edition was written there were limited options
for numerical optimization, particularly for situations with relatively flat surfaces,
such as the likelihood function. The simplex method was less well known and worth
introducing to readers. Today there are many options and it is unlikely practitioners
are writing their own optimization routines.

As in the previous editions, we assume that users will often be doing calculations
using a spreadsheet program such as Microsoft ExcelⓇ.1 At various places in the text we
indicate how ExcelⓇ commands may help. This is not an endorsement by the authors but,
rather, a recognition of the pervasiveness of this tool.

As in the first four editions, many of the exercises are taken from examinations of
the Society of Actuaries. They have been reworded to fit the terminology and notation
of this book and the five answer choices from the original questions are not provided.
Such exercises are indicated with an asterisk (*). Of course, these questions may not be
representative of those asked on examinations given in the future.

Although many of the exercises either are directly from past professional examina-
tions or are similar to such questions, there are many other exercises meant to provide
additional insight into the given subject matter. Consequently, it is recommended that
readers interested in particular topics consult the exercises in the relevant sections in order
to obtain a deeper understanding of the material.

Many people have helped us through the production of the five editions of this text—
family, friends, colleagues, students, readers, and the staff at John Wiley & Sons. Their
contributions are greatly appreciated.

S. A. Klugman, H. H. Panjer, and G. E. Willmot

Schaumburg, Illinois; Comox, British Columbia; and Waterloo, Ontario

1MicrosoftⓇ and ExcelⓇ are either registered trademarks or trademarks of Microsoft Corporation in the United
States and/or other countries.




