Forecasting
Non-stationary
Economic Time Series

Michael P. Clements
and
David F. Hendry

The MIT Press
Cambridge, Massachusetts
London, England



Contents

Ligt of Figures
Ligt of Tables
Series Foreword

Foreword
Preface

Common Acronyms

1 Economic Forecasting

11
12

13

14

Introduction

Background

Forecasting Economic Time Series

131  Predictability and forecastability
132  Assessing forecast accuracy

133 Time-series properties of the variables
134 ARCH, asymmetric loss, and non-linearity
135  Simulation methods

136  Forecasting in cointegrated systems
137  Intercept corrections

138 A taxonomy of forecast errors

139 Leading indicators

1310 Forecast combination

1311 Multi-step estimation

1312 Parsimony

1313 Tedting predictive failure

Concepts

141  Unpredictability

142, Moments

143  Forecastability

144  Implications

Theoretical Framework

Vil



viii

Contents

16
17

18

151  The data generation process

152 10 representation ,

153 The model class

M easuring Forecast Accuracy

Causal Information in Economic Forecasting

171  Model coincides with the mechanism

172  Model does not coincide with the mechanism
Conclusion

Forecast Failure

21
22

23
24
25
26
27

28
29

Introduction

An 1(0) Taxonomy of Forecast Errors

221  Attempts to offset structural breaks
Forecast Failure in Congruent Models

A VEQCM Forecast-error Taxonomy
Equilibrium Correction and Error Correction
Non-congruent Devices Need Not Fail
Extended Model Constancy

271 Isex-ante non-constancy afatal flaw?
Conclusion

Appendix A: Taxonomy Derivations for Table2.1

210 Appendix B: VEQCM Taxonomy Derivations

Deter ministic Shifts

31
32
33
34

35

36
3.7

38
39

Introduction

Deterministic Shifts in a Static Regression
Deterministic Shifts in 1(0) Processes

331 An 100 Monte Carlo illustration
Deterministic Shifts in VEQCMs

341 An 1(1) Monte Carlo illustration
Unconditional and Conditional Forecast-error Biases
3.5.1 Forecasting levels from T to T + 1
352 Forecadting levelsfrom T+ 1to T +2
353 Forecasting levelsfrom Tto T +2
354 ForecastinglevelsfromT+ 1toT+ 3
355 Overview

Forecasting Levels and Growth Rates
Variance Effects after Structural Breaks

371 Overview

Higher Frequency Data: Breaks in Seasonals
Conclusion

310 Appendix A: Chow-test Derivation

22
23
24
25
27
29
30

36
36
39
46
47
49
51

60
63

65
67

69
69
71
73
75
78
79
81
82
82

RRREG

87

89
92
92



311

312

Other
41
4.2

43

4.4-
45
46
47

Contents ix

Appendix B: Conditional Forecast-error Biases
3111 FromTtoT+1 -

3112 From T+ltoT + 2 '
3113 FromTtoT +2
3114 FromT+ 1toT+3
Appendix C: Unconditional Forecast-error Variances
3121 Variancesof levelsfromTtoT+ 1
3122 Variancesof levelsfromT4- 1toT+ 2
3123 VaiancesoflevelsfromTtoT+ 2 '
3124 Variancesof levelsfromT+ 1toT+ 3

Sour ces

Introduction

Model Mis-specification

421 Misspecification of stochastic components
422 Deterministic mis-specification

423 Misspecification in non-stationary processes
424  Breaksin mis-specified "causal" models
425 Monte Carlo evidencein an 1(0) process
Estimation Uncertainty

431  Scaar autoregressive processes

432 Non-modeled regressors .. ¢

433 Collinearity in conditional equations

434 Changing collinearity in a VEQCM

435 Lack of parsimony

436 An 10 Monte Carloillustration

437  Ovefitting

438 Macro-econometric models and simulation
Model Mis-specification and Estimation Uncertainty
Forecast Origin Mis-measurement

Conclusion

Appendix: Approximating Powers of Estimates

Differencing

51
52
53

54

Introduction .
Forecasting Models

Forecast-error Biasesin DVs and DDVs

5.3.1 Forecasting levels from T to T +e 1

532 Forecasting levelsfromT + 1to T +2
533 Forecasting levelsfromTto T + 2

534  Forecasting levelsfromT+ 1to T +3
Comparing Unconditional Forecast-error Biases

93
93
A
A
95
96
96
96
97
97

98

98

99

99
102
103
103
104
106
107
115
116
119
119
120
122
124
128
128
129
130

133
133
135
137
138
139
140
141
142



X

Contents

5.5

5.6

5.7
5.8

5.9
5.10
511

Variance Effects after Structural Breaks

55.1 Variances of levelsfromTto T+ 1 -

5.5.2 Variances of levelsfromT+ 1toT + 2
5.5.3 Variances of levelsfromTto T + 2

5.5.4 Variances of levelsfromT + 1to T+ 3
Comparing Unconditional Forecast-error Variances
56.1 Implications

Correct Empirical Variances .
Post-transition Forecast Errors

5.8.1 The data generation process

58.2  VEQCM forecast errors

5.8.3 -DV forecast errors

5.8.4 Forecast biases under deterministic shifts
Conclusion i '

Appendix I: A Dynamic DV

Appendix II: DV and DDV Forecast-error Derivations

Intercept Corrections

6.1
6.2
6.3

6.4

6.5

Introduction

The Basics of Intercept Corrections

Intercept Corrections to VEqQCMs

6.3.1 Biases '
6.3.2 Variances

Time-series Intercept Corrections

6.4.1 VEQCM and DV forecast errors

6.4.2 Residual-based intercept corrections
6.4.3  Time-seriesbased intercept corrections
6.44  Updating

Conclusion

Modeling Consumers' Expenditure

71
7.2
7.3
74
75
7.6
7.7
7.8
79
7.10
711

introduction

The Data Generation Process
Forecasting Methods

An Empirical Example .
The Sample Mean as a Predictor
Differencing-

AR(1) Model: 1-step. Estimation
Intercept Corrections

ARMA Predictors

AR(1) Model-Multi-step Estimation
Disequilibrium Adjustment

143
143
144
144
145
146
148
149
152
152
154
156
158
160
160
162

166
166
167
173
175
177
178
178
181
182
185
188

189
189

190
191
195
196
198
201
204
206
212



10

11

712

Contents xi

Conclusion

A Small UK Money Model

Introduction -

8 2 A Four-equation VAR
83  Cointegration
84  The 10 system
85 A Simultaneous-equations Model
851  Multi-step forecasts
86  Forecast Comparisons
8.7  Intercept Corrections
88  Empirical Forecast-accuracy Comparison
89  Conclusion
Co-breaking
91  Introduction '
9.2  Contemporaneous Co-breaking
93  Intertempora Co-breaking
94  Co-breaking in a VEQCM
95  Cointegration Co-breaking
96  Multiple Shifts
9.7  Conditional Models
98  Empirical Co-breaking in UK Money Demand
99  Conclusion
M odeling Shifts
io.i Introduction
102 Regime-switching Models
1021 MSAR models
1022 SETAR models
103 Empirical Models
1031 SETARmodels of US GNP
1032 MSARmodels of USGNP
1033 Testing for several regimes. the MS-AR model
104 A Monte Carlo Study [
105 Anaysis of the MS-AR Model Forecast Performance
106 Conclusion
A Wage-Price Mode
111  Introduction
112 Modeing Wages, Prices, and Unemployment
113 Univariate versus Multivariate Methods

214

216
217

219
223
225
226
228
229
232
234
236

240
240
242
245
249
251
252
253
255
262

264
264
266
266
268
270
271
274
275
278
280
282

286
286
287
288



xii Contents

114
115
116

117
118

Direction-of-change Measures of Forecast Accuracy
Quantitative Evaluation of System Forecasts
Qualitative Evaluation of System Forecasts

U.6.1 Scaar model forecasts

Time-series Intercept Corrections

Conclusion

12 Pogscript

121
122

Overview
Methodological Implications

123 TheWay Ahead

124
Exercises

1231 What influences deterministic terms?
1232 What causes deterministic terms to change?

1233 How to detect changes in deterministic terms?

1234 How to offset changes in deterministic terms?
1235 Open systems
Conclusion

References

Glossary

Author Index
Subject Index

310
311
312
313
313
314
317

327
347
351



