f

Contents

Preface

Introduction

1 The Bayesian Algorithm

11
1.2
1.3

1.4

15
1.6

1.7
1.8

Econometric Analysis

Statistical Analysis

Bayes' Theorem

1.3.1 Parameters and data

1.3.2 The Bayesian algorithm

The Components of Bayes’ Theorem
1.4.1 The likelihood 10)

1.4.2 The prior ~(0)

1.4.3 The posterior ~(01%)

1.4.4 Decisions

Conclusion and Summary

Exercises and Complements
Appendix to Chapter 1: SomeProbability Distributions
Bibliographic Notes

2 Prediction and Model Criticism

2.1
2.2

2.3
2.4

Methods of Model Checking

Informal Model Checks

2.2.1 Residual QQ plots
Uncheckable Beliefs?

Formal Model Checks

2.4.1 Predictive distributions

2.4.2 The prior predictive distribution

Xi
Xjij

70
Y\
72
73
77
79
79
79



Vi

Contents

25

2.6

2.7
2.8
2.9

2.4.3 Using the prior predictive distribution to check

your model
2.4.4 Improper prior predictive distributions
2.4.5 Prediction from training samples
Posterior Prediction
2.5.1 Posterior model checking
2.5.2 Sampling the predictive distribution
Posterior Odds and Model Choice
2.6.1 Two approximations to Bayes factors
2.6.2 Model averaging
Enlarging the Model
Summary
Exercises

2.10 Bibliographic Notes

Linear Regression Models

3.1
3.2

3.3

3.4

3-5

!

Introduction

Economists and Regression Models

3.2.1 Mean independence

Linear Regression Models

3.3.1 Independent, normal, homoscedastic errors
3.3.2  Vague prior beliefs about 3 and 1

3.3.3 The two marginals under a vague prior
3.3.4 Highest posterior density intervals and regions
3.3.5 The least squares line

3.3.6 Informative prior beliefs

3.3.7 Sampling the posterior density of 3

3.3.8 An approximate joint posterior distribution
A Multinomial Approach toLinear Regression
3.4.1 Comments on the multinomial approach
Checking the Normal Linear Model

Extending the Normal Linear Model

3.6.1 Criticizing the gasoline model

3.6.2 Generalizing the error distribution

3.6.3 Model choice

Conclusion and Summary of the Argument
Appendix to Chapter 3

"8 . Analytical results in the normal linear model
" * - Simulating dirichlet variates

“ * 3 Some probability distributions

1 bererscs and Complements

*Koliu fICTsphic Notes

82
84
84
88
90
91
97
100
101
102
106
107

112
212
M2
M4
114
116
120
123
125
130
133
134
135
141
146
147

152
152
158
153
171
172
172
175
177
180

Igl



Contents vii

4 Bayesian Calculations

4.1
4.2

4.3

4.4

4.5
4.6
4.7

Normal Approximations

Exact Sampling in One Step

4.2.1  Rejection sampling

4.2.2  Inverting the distribution function
Markov Chain Monte Carlo

4.3.1  Markov chains and transition kernels
4.3.2  The state distribution, pt(x)

4.3.3  Stationary distributions

4.3.4  Finding the stationary distribution given a kernel
4.3.5 Finite discrete chains

4.3.6  More general chains

4.3.7  Convergence

4.3.8  Ergodicity

4.3.9  Speed

4.3.10 Finding kernels with a given stationary distribution
Two General Methodsof Constructing Kernels
4.4.1  The Gibbs Sampler

4.4.2  The Metropolis method

4.4.3  Metropolis-Hastings

4.4.4  Practical convergence

4.45  Using samples from the posterior

4.4.6 Calculating the prior predictive density
4.4.7  Implementing markov chain monte carlo
Conclusion

Exercises and Complements

Bibliographic Notes

5 Non-linear Regression Models

5.1

5.2

5.3

5.4
5.5

Estimation of Production Functions
5.1.1  Criticisms of this model

Binary Choice

5.2.1  Probit likelihoods

5.2.2  Criticisms of the probit model
5.2.3  Other models for binary choice
Ordered Multinomial Choice

5.3.1  Data augmentation

5.3.2  Parameters of interest
Multinomial Choice

Tobit Models

5,5.1 Censored linear models

5.5.2  Censoring and truncation
5.5.3  Selection models

183
186
188
188
190
192
192
194
195
195
199
201
203
204
205
206
207
207
212
214
215
217
221
222
224
224
226

227
227
230
231
232
234
234
236
238
238
239
240
240
240
244



viii

Contents

5.6  Count Data 246
5.6.1  Unmeasured heterogeneity in non-linear regression 247
5.6.2  Time series of counts 250
5.7  Duration Data 251
5.7.1  Exponential durations 253
5.7.2  Weibull durations 254
5.7.3  Piecewise constant hazards 255
5.7.4  Heterogeneous duration models 255
5.8  Concluding Remarks 256
59  Exercises 257
5.10 Appendix to Chapter 5:Some Further Distributions 258
5.10.1 The lognormal family 258
5.10.2 Truncated normal distributions 258
5.10.3 The poisson family 260
5.10.4 The heterogeneous poisson or negative
binomial family 260
5.10.5 The weibullfamily 261
5.11 Bibliographic Notes 263
Randomized, Controlled, and Observational Data 265
6.1 Introduction 265
6.2 Designed Experiments 266
6.2.1 Randomization 266
6.2.2 Controlled experimentation 267
6.2.3 Randomization and control in economics 268
6.2.4 Exogeneity and endogeneity in economics 269
6.3 Simpson’s Paradox 272
6.4 Conclusions 275
6.5 Appendix to Chapter 6:Koopmans’ Views on Exogeneity 275
6.6 Bibliographic Notes 275
Models for Panel Data 277
7.1 Panel Data 277
7.2 How Do Panels Help? 278
7.3 Linear Models on Panel Data 281
7.3.1 Likelihood 282
7.3.2 A uniform prior on the individual effects 284
7.3.3 Exact sampling 291
7.3.4 A hierarchical prior 291
7.3.5 BUGS program 293
7.3.6  Shrinkage 294

7.3.7 A richer prior for the individual effects 295



7.4

7.5
7.6

7.7
7.8
7.9

Contents ix

Panel Counts

7.4.1 A uniform prior on the individual effects
7.4.2 A gamma prior for the individual effects
7.4.3 Calculation in the panel count model
Panel Duration Data

Panel Binary Data

7.6.1 Parameters of interest

7.6.2 Choices of prior

7.6.3 Orthogonal reparametrizations

7.6.4 Implementation of the model
Concluding Remarks

Exercises

Bibliographic Notes

Instrumental Variables

8.1
8.2
8.3
8.4
8.5

8.6

8.7

8.8

8.9
8.10

Introduction

Randomizers and Instruments

Models and Instrumental Variables

The Structure of a Recursive Equations Model

8.4.1 Identification

Inference in a Recursive System

8.5.1 Likelihood surfaces with weak instruments

A Numerical Study of Inference with Instrumental Variables
8.6.1 Generating data for a simulation study

8.6.2 A BUGS model statement

8.6.3 Simulation results

An Application of IV Methods to Wages and Education
8.7.1 Is education endogenous?

Simultaneous Equations

8.8.1 Likelihood identification

8.8.2 Inference in simultaneous equations models
Concluding Remarks About Instrumental Variables
Bibliographic Notes

Some Time Series Models

9.1

9.2
9.3
9.4
9.5

First Order Autoregression
9.1.1 Likelihoods and priors
9.1.2 BUGS implementation
9.1.3 Some calculations
Stochastic Volatility
Extensions

Exercises

Bibliographic Notes

296
297
299
300
300
302
303
303
305
306
308
308
309

311
311
311
312
315
316
317
318
320
321
321
322
325
332
335
338
339
340
341

342
342
346
349
350
354
356
356
357



x Contents

Appendix 1. A Conversion Manual

ALl
Al .2

The Frequentist Approach
The Bayesian Contrast

Appendix 2: Programming

A2.1
A2.2

S

WinBUGS

A2.2.1 Formulating the model and inputting data
from within BUGS

A2.2.2 Running the sampler

A2.2.3 Running BUGS from R

A2.2.4 Special likelihoods and the ones trick

A2.25 Computing references

Appendix 3: BUGS Code

A3.1l
A3.2
A3.3
A3.4
A3.5
A3.6
A3.7
A3.8
A3.9
A3.10
A3.11
A3.12
A3.13
A3.14
A3.15
A3.16
A3.17

References
Index

Normal Linear Model

Heteroscedastic Regression

Regression with Autocorrelated Errors

CES Production Function

Probit Model

Tobit Model

Truncated Normal

Ordered Probit

Poisson Regression

Heterogeneous Poisson Regression

Right Censored Weibull Data

A Censored Heterogeneous Weibull Model
An Over-identified Recursive Equations Model
A Just ldentified Simultaneous Equations Model
A Panel Data Linear Model

A Second Order Autoregression

Stochastic Volatility

359
359
361

365
365
367

368
370
372
373
373

375
375
375
376
376
377
377
378
378
379
379
379
380
380
381
381
382
382

383
391



