
Econometric Analysis
by Control Methods

GREGORY C. CHOW

Class of 1913 Professor of Political Economy and Director,
Econometric Research Program

Princeton University

John Wiley & Sons
New York • Chichester • Brisbane • Toronto



Contents

PART 1 TECHNIQUES OF STOCHASTIC CONTROL 1

1 Introduction 3

1.1 Optimal control of a linear model with
known parameters, 4

1.2 Techniques of stochastic control, 7

1.3 Economic applications of stochastic control, 8

1.4 Stochastic control under rational expectations, 10

1.5 Optimal control methods for stochastic models
in continuous time, 12

2 An Approach to the Feedback Control of Nonlinear
Econometric Systems 14

2.1 Feedback control for known econometric systems, 14

2.2 Feedback control with unknown parameters, 19

2.3 Usefulness of feedback control, 20

2.4 A numerical example using the
Klein-Goldberger model, 22

3 The Control of Nonlinear Econometric Systems
With Unknown Parameters 30

3.1 Introduction, 30

3.2 An exact solution to a one-period control
problem, 31

ix



CONTENTS

5.5 An approximate solution to multiperiod control
by dynamic programming, 36

3.4 Approximate evaluation of required expectations, 39

3.5 Concluding remarks, 42

4 The Control of Large-Scale Nonlinear Econometric Systems 44

4.1 Nature of econometric models, 44

4.2 Use of econometric models for policy projections and
optimization, 46

4.3 A feedback control algorithm, 48

4.4 Further details concerning computations, 50

4.5 Application to the Michigan Quarterly
Econometric Model, 52

4.6 Further research, 55

5 Optimal Control of Nonlinear Systems Program:
User's Guide 57

5.1 Eliminating second- and higher-order lags
in the model, 57

5.2 Description of the program, 59

5.3 Description of time- and space-saving procedures, 61

5.4 User-supplied subroutines, 63

5.4.1 Main program, 63

5.4.2 MODELS, 65

5.4.3 MODELI, 67

5.5 Data requirements, 68

5.5.1 &DIMENS, 69
5.5.2 &OPT, 70

5.5.3 Input matrices, 73
5.5.4 Construction of IDENTVEC and

VARBLVEC, 75

5.6 Space requirements, 78

5.6.1 The dimension of MAINAR, 78

5.6.2 Region size, 79

5.7 The use of two or more job runs, 79



CONTENTS XI

5.* Output and error messages, 81

5.9 JCL requirements, 82

6 Applications of the Kalman Filter to the Estimation of
Econometric Models 85

6.1 Introduction, 85

6.2 Derivation of Pt\sby recursive regression
ofPtonyj,...,ys, 86

6.3 Derivations of fit\s by regression of
y,,...,ysonxj,...,xs, 91

6.4 Maximum likelihood estimation of s2, V, and M, 93

6.5 System of linear simultaneous equations, 97

6.6 System of nonlinear simultaneous equations, 101

6.7 Model with stationary coefficients, 102

6.8 The estimation of seasonal components in
economic time series, 106

PART 2 ECONOMIC APPLICATIONS OF
CONTROL METHODS 109

7 An Econometric Definition of the Inflation-Unemployment
Trade-Off 111

7.1 Inflation-unemployment possibilities in a
static model, 113

7.2 Unemployment-inflation trade-off possibilities
in the dynamic case, 115

7.3 Analysis of the St. Louis model, 118

7.4 Analysis of the Michigan Quarterly Econometric
model, 120

7.5 Concluding remarks, 121

8 Evaluation of Macroeconomic Policies by Stochastic
Control Techniques 123

8.1 Introduction, 123

8.2 A theory for policy evaluation, 124



Xii CONTENTS

8.3 Comparison with Fair's approach, 126

8.4 Limitations and extensions, 129

8.5 An illustrative evaluation, 130

9 Has Government Policy Contributed to Economic
Instability? 131

9.1 Introduction, 131

9.2 Analytical framework, 132

9.3 Description of the Michigan model and additional
equations, 136

9.4 Measurement of instability and empirical results, 139

Appendix: Equations for the Exogeneous
Variables, 145

10 The Estimation of Total Investable Resources 149

10.1 Introduction, 149

10.2 Definition of investable resources, 150

10.3 The matching of instruments and targets, 150

10.4 The need for optimal control, 152

11 Usefulness of Imperfect Models for the Formulation of
Stabilization Policies 154

11.1 Introduction, 154

11.2 Evaluation of imperfect models for policy analysis, 156

11.3 Fitting two illustrative models, 159

11.4 Illustrative evaluation of two imperfect models, 164

11.5 Concluding remarks, 167

12 Effective Use of Econometric Models in Macroeeonomic
Policy Formulation 168

13 Econometric Analysis of Soviet Economic Planning by
Optimal Control 177

13.1 Three uses of optimal control in the
analysis of planning, 177



CONTENTS x j i j

13.2 The structure of SOVMOD V, 180

13.2.1 Agricultural production, 183

13.2.2 The balance of payments, 183

13.2.3 Investments, 184

13.2.4 Capital stock, 184

13.2.5 Employment, 184

13.2.6 Nonagricultural production, 185

13.2.7 Foreign trade, 186

13.2.8 Wages and incomes, 187

13.2.9 Consumption, 187

13.3 Setting up the optimal control experiments, 187

13.4 Testing the constraints on total output, 189

13.5 Examining the allocation of investment
and production, 191

13.6 Possible ^specifications of SOVMOD V, 192

Appendix: List of variables and equations
in SOVMOD V, 194

14 Comparison of Econometric Models by Optimal Control
Techniques 207

14.1 Existing characterizations of an
econometric model, 208

14.1.1 Static model, 208

14.1.2 Dynamic deterministic model, 208

14.1.3 Dynamic stochastic model, 209

14.2 Characterization of an econometric model
by deterministic control, 210

14.3 Characterization of an econometric model
by stochastic control, 213

14.4 An illustration using the Michigan model, 217

PART 3 STOCHASTIC CONTROL UNDER RATIONAL
EXPECTATIONS 223

15 Econometric Policy Evaluation and Optimization Under
Rational Expectations 225



CONTENTS

15.1 Introduction, 225

15.2 Econometric policy evaluation, 226

15.2.1 Linear model without expectations of future
variables, 226

15.2.2 Linear model with expectations of
future variables, 227

15.2.3 Nonlinear model with expectations of
future variables, 230

15.3 Econometric policy optimization, 232

15.3.1 Linear model without expectations of future
variables, 232

15.3.2 Linear model with expectations of future
variables, 233

15.3.3 Nonlinear model with expectations of future
variables, 237

15.4 Concluding remarks, 237

16 Estimation of Rational Expectations Models 239

16.1 Introduction, 239

16.2 Maximum likelihood estimation in the
general case, 241

16.3 Estimation when environment is unaffected by
agent's action, 247

16.4 A family of consistent estimators for the
general case, 250

16.5 The assumptions of rational expectations models, 252

16.6 Estimating nonlinear rational expectations models, 253

17 Estimation And Optimal Control of Dynamic Game
Models Under Rational Expectations 255

17.1 Policy evaluation and optimization under rational
expectations, 257

17.2 Estimation of dynamic game model with a dominant
player, 262

17.3 Estimation of dynamic game model under Nash
equilibrium, 263



CONTENTS XV

PART 4 OPTIMAL CONTROL METHODS FOR STOCHASTIC
MODELS IN CONTINUOUS TIME 265

18 Optimum Control of Stochastic Differential Equation
Systems 267

18.1 Introduction, 267

18.2 Linear stochastic differential equations, 268

18.3 Mean and covariance of solution to linear stochastic
differential equations, 271

18.4 Dynamic programming for models in continuous
time, 273

18.5 Ito's differentiation rule, 274

18.6 Optimum consumption and portfolio selection
over time, 276

18.7 Consumption and portfolio selection when
asset prices are log-normal, 279

18.8 Capital asset pricing with shifts in investment
opportunities, 282

18.9 The pricing of options and corporate liabilities, 286

18.10 Optimal control of a linear system with
quadratic loss, 288

19 Optimum Use and Exploration of a Natural Resource 291

19.1 Solution in the certainty case, 291

19.2 Assumptions concerning unknown stock
of reserves, 294

19.3 The optimal control problem formulated, 296

19.4 Investigation of a simplified problem, 298

19.5 Explicit solution to the simplified problem, 300

Bibliography 302

Index 309


