Contents

Preface

Acknowledgements

1 Introduction
What is econometrics?
The stages of applied econometric work

Part I Statistical Background and Basic Data Handling

2 The Structure of Economic Data
Cross-sectional data
Time series data
Panel data

3 Working with Data: Basic Data Handling
Looking at raw data
Graphical analysis
Graphs in MFit
Graphs in EViews
Summary statistics
Summary statistics in MFit
Summary statistics in EViews
Components of a time series
Indices and base dates
Splicing two indices and changing the base date of an index
Data transformations
Changing the frequency of time series data
Nominal versus real data
Logs
Differencing
Growth rates

vii

Xvil

Xix

o -

o o

\O

12
12
12
13
15
15
16
16
16
17
17
17
18
18
19
19



viii Contents

Part II 'The Classical Linear Regression Model

4 Simple Regression 25
Introduction to regression: the classical linear regression model
(CLRM) 26
Why do we do regressions? 26
The classical linear regression model 26
The ordinary least squares (OLS) method of estimation 28
Alternative expressions for 31
The assumptions of the CLRM 32
General 32
The assumptions 32
Violations of the assumptions 33
Properties of the OLS estimators 34
Linearity 35
Unbiasedness 35
Consistency 37
Efficiency and BLUEness 37
The overall goodness of fit 40
Problems associated with R? 41
Hypothesis testing and confidence intervals 42
Testing the significance of the OLS coefficients 43
Confidence intervals 44
How to estimate a simple regression in Microfit and EViews 45
Simple regression in Microfit 45
Simple regression in EViews 45
Reading the EViews simple regression results output 46
Presentation of regression results 47
Applications 47
Application 1: the demand function 47
Application 2: a production function 48
Application 3: Okun’s law 49
Application 4: the Keynesian consumption function 50
Computer example: the Keynesian consumption function 50
Solution 50
Questions and exercises 56
5 Multiple Regression 60
Derivation of the multiple regression coefficients 61
The three-variable model 61
The k-variables case 63
Derivation of the coefficients with matrix algebra 64
The structure of the X'X and X'Y matrices 65
The assumptions of the multiple regression model 66
The variance—covariance matrix of the residuals 66
Properties of the multiple regression model OLS estimators 67
Linearity 67

Unbiasedness 67



Contents ix

Consistency 68
BLUEness 68
R? and adjusted R? 70
General criteria for model selection 70
Multiple regression estimation in Microfit and EViews 71
Simple regression in Microfit 71
Simple regression in EViews 72
Reading the EViews multiple regression results output 73
Hypothesis testing 73
Testing individual coefficients 73
Testing linear restrictions 73
The Wald test 75
How to perform the Wald test in EViews and Microfit 75
The x? test 76
The x?2 test in Microfit and EViews 77
The ¢ test 77
Testing the joint significance of the Xs 78
F-test for overall significance in Microfit and EViews 78
Adding or deleting explanatory variables 79
Omitted and redundant variables test in EViews 79
Omitted and redundant variables test in Microfit 80
Computer example: Wald, omitted and redundant variables tests 80
A Wald test of coefficient restrictions 81
A redundant variable test 82
An omitted variable test 83
Questions and exercises 83

Part III Violating the Assumptions of the CLRM

6 Multicollinearity 89
Perfect multicollinearity 90
Consequences of perfect multicollinearity 91
Imperfect multicollinearity 93
Consequences of imperfect multicollinearity 93
Detecting problematic multicollinearity 96

Simple correlation coefficient 96
R? from auxiliary regressions 96
Computer examples 96
Example 1: induced multicollinearity 96
Example 2: with the use of real economic data 99
Questions and exercises 102

7 Heteroskedasticity 105
Introduction: what is heteroskedasticity? 106
Consequences of heteroskedasticity on OLS estimators 109

A general approach 109

A mathematical approach 110



Contents

Detecting heteroskedasticity

The informal way

The Breusch—Pagan LM test

The Glesjer LM test

The Harvey—Godfrey LM test

The Park LM test

The Goldfeld—Quandt test

White’s test
Computer example: heteroskedasticity tests

The Breusch—Pagan test

The Glesjer test

The Harvey—Godfrey test

The Park test

The Goldfeld—Quandt test

The White test
Resolving heteroskedasticity

Generalized (or weighted) least squares
Computer example: resolving heteroskedasticity
Questions and exercises

Autocorrelation
Introduction: what is autocorrelation?
What causes autocorrelation?
First and higher order autocorrelation
Consequences of autocorrelation on the OLS estimators
A general approach
A more mathematical approach
Detecting autocorrelation
The graphical method
Example: detecting autocorrelation using the graphical method
The Durbin-Watson test
Computer example of the DW test
The Breusch—-Godfrey LM test for serial correlation
Computer example of the Breusch—Godfrey test
Durbin’s 4 test in the presence of lagged dependent variables
Computer example of Durbin’s 4 test
Engle’s ARCH test
Computer example of the ARCH-LM test
Resolving autocorrelation
When p is known
Computer example of the generalized differencing approach
When p is unknown
Computer example of the iterative procedure
Questions and exercises
Appendix

112
112
114
116
118
119
120
122
123
125
126
127
127
128
130
132
132
134
137

139
140
140
141
143
143
143
145
145
146
147
150
150
151
152
154
155
157
157
157
159
160
162
164
164



Contents

9 Misspecification: Wrong Regressors, Measurement Errors
and Wrong Functional Forms
Omitting influential or including non-influential explanatory
variables
Consequences of omitting influential variables
Including a non-influential variable
Omission and inclusion of relevant and irrelevant
variables at the same time
The plug-in solution in the omitted variable bias
Various functional forms
Introduction
Linear-log functional form
Reciprocal functional form
Polynomial functional form
Functional form including interaction terms
Log-linear functional form
The double-log functional form
The Box—Cox transformation
Measurement errors
Measurement error in the dependent variable
Measurement error in the explanatory variable
Tests for misspecification
Normality of residuals
The Ramsey RESET test for general misspecification
Tests for non-nested models
Example: the Box—Cox transformation in EViews
Approaches in choosing an appropriate model
The traditional view: average economic regression
The Hendry ‘general to specific approach’
Exercises

Part IV Topics in Econometrics

10 Dummy Variables
Introduction: the nature of qualitative information
The use of dummy variables
Intercept dummy variables
Slope dummy variables
The combined effect of intercept and slope dummies
Computer example of the use of dummy variables
Using a constant dummy
Using a slope dummy
Using both dummies together
Special cases of the use of dummy variables
Using dummy variables with multiple categories
Using more than one dummy variable
Using seasonal dummy variables

xi

166

167
167
168

169
169
171
171
172
172
173
174
174
175
176
177
177
178
180
180
182
185
186
189
189
189
191

195
196
197
197
199
200
202
202
203
205
205
205
207
208



xii Contents

Computer example of dummy variables with multiple categories
Application: the January effect in emerging stockmarkets
Tests for structural stability
The dummy variable approach
The Chow test for structural stability
Questions

11 Dynamic Econometric Models
Distributed lag models
The Koyck transformation
The Almon transformation
Other models of lag structures
Autoregressive models
The partial adjustment model
A computer example of the partial adjustment model
The adaptive expectations model
Tests of autocorrelation in autoregressive models
Exercises

12 Simultaneous Equation Models
Introduction: basic definitions
Consequences of ignoring simultaneity
The identification problem
Basic definitions
Conditions for identification
Example of the identification procedure
A second example: the macroeconomic model of a closed
economy
Estimation of simultaneous equation models
Estimation of an exactly identified equation: the method of
indirect least squares
Estimation of an overidentified equation: the method of
two-stage least squares
Example: the IS-LM model

Part V Time Series Econometrics

13 ARIMA Models and the Box—Jenkins Methodology
An introduction to time series econometrics
ARIMA models
Stationarity
Autoregressive time series models

The AR(1) model

The AR(p) model

Properties of the AR models
Moving average models

The MA(1) model

The MA(g) model

209
211
214
214
215
216

217
218
220
221
222
222
223
224
226
227
228

230
231
232
233
233
233
234

235
236

236

237
237

245
246
246
247
247
247
250
251
252
252
253



Contents

14

15

Invertibility in MA models
Properties of the MA models
ARMA models
Integrated processes and the ARIMA models
An integrated series
ARIMA models
Box—Jenkins model selection
Identification
Estimation
Diagnostic checking
The Box—Jenkins approach step by step
Example: the Box—Jenkins approach
Questions and exercises

Modelling the Variance: ARCH-GARCH Models
Introduction
The ARCH model
The ARCH(1) model
The ARCH(g) model
Testing for ARCH effects
Estimation of ARCH models by iteration
Estimating ARCH models in EViews
A more mathematical approach
The GARCH model
The GARCH(p, g) model
The GARCH(1,1) as an infinite ARCH(p) process
Estimating GARCH models in EViews
Alternative specifications
The GARCH in mean or GARCH-M model
Estimating GARCH-M models in EViews
The threshold GARCH (TGARCH) model
Estimating TGARCH models in EViews
The exponential GARCH (EGARCH) model
Estimating EGARCH models in EViews
Adding explanatory variables in the mean equation

Adding explanatory variables in the variance equation

Empirical illustrations of ARCH/GARCH models
A GARCH model of UK GDP and the effect of
socio-political instability
Questions and exercises

Vector Autoregressive (VAR) Models and Causality Tests

Vector autoregressive (VAR) models
The VAR model
Pros and cons of the VAR models
Causality tests
The Granger causality test
The Sims causality test

xiii

253
254
255
256
256
257
257
257
259
259
259
260
264

265
266
267
268
268
269
269
270
274
277
277
278
279
281
282
283
285
285
286
287
287
288
289

289
294

297
298
298
299
300
301
302



Xiv Contents

Computer example: financial development and economic growth,

what is the causal relationship? 303
16 Non-Stationarity and Unit-Root Tests 307
Unit roots and spurious regressions 308
What is a unit root? 308
Spurious regressions 311
Explanation of the spurious regression problem 313
Testing for unit roots 315
Testing for the order of integration 315
The simple Dickey—Fuller test for unit roots 315
The augmented Dickey—Fuller (ADF) test for unit roots 317
The Phillips—Perron test 318
Unit-root tests in EViews and Microfit 319
Performing unit-root tests in EViews 319
Performing unit-root tests in Microfit 321
Computer example: unit-root tests on various macroeconomic
variables 322
Computer example: unit-root tests for the financial development
and economic growth example 324
Questions and exercises 326
17 Cointegration and Error-Correction Models 327
Introduction: what is cointegration? 328
Cointegration: a general approach 328
Cointegration: a more mathematical approach 329
Cointegration and the error-correction mechanism (ECM): a
general approach 330
The problem 330
Cointegration (again) 331
The error-correction model (ECM) 331
Advantages of the ECM 331
Cointegration and the error-correction mechanism: a more
mathematical approach 332
A simple model for only one lagged term of X and T 332
A more general model for large numbers of lagged terms 334
Testing for cointegration 336
Cointegration in single equations: the Engle—Granger approach 336
Drawbacks of the EG approach 338
The EG approach in EViews and Microfit 339
Cointegration in multiple equations and the Johansen approach 340
Advantages of the multiple equation approach 342
The Johansen approach (again) 342
The steps of the Johansen approach in practice 343
The Johansen approach in EViews and Microfit 348
Computer examples of cointegration 354
Monetization ratio 355

Turnover ratio 358



Contents

Claims and currency ratios
A model with more than one financial development proxy
variable
Questions and exercises

Part VI Panel Data Econometrics

18 Traditional Panel Data Models
Introduction: the advantages of
panel data

The linear panel data model

Different methods of estimation
The common constant method
The fixed effects method
The random effects method
The Hausman test

Computer examples with panel data
Inserting panel data in EViews
Estimating a panel data regression

19 Dynamic Heterogeneous Panels
Bias in dynamic panels
Bias in the simple OLS estimator
Bias in the fixed effects model
Bias in the random effects model
Solutions to the bias problem
Bias of heterogeneous slope parameters
Solutions to heterogeneity bias: alternative methods of
estimation
The mean group estimator
The pooled mean group (PMG) estimator
Application: the effects of uncertainty in economic growth
and investments
Evidence from traditional panel data estimation
Mean group and pooled mean group estimates

20 Non-Stationary Panels
Panel unit-root tests
The Levin and Lin (LL) test
The Im, Pesaran and Shin (IPS) test
The Maddala and Wu (MW) test
Computer examples of panel unit-root tests
Panel cointegration tests
Introduction
The Kao test
The McCoskey and Kao test

360

361
363

367

368
368
369
369
369
371
372
373
373
377

379
380
380
381
381
381
382

383
383
384

386
387
387

390
391
392
393
394
395
396
396
397
399



xvi Contents

The Pedroni tests 399

The Larsson et al. test 401
Computer examples of panel cointegration tests 402

21 Practicalities in Using EViews and Microfit 404
About Microfit 405
Creating a file and importing data 405
Entering variable names 405
Copying/pasting data 406
Description of MFit tools 406
Creating a constant term 407

Basic commands in MFit 407

About EViews 407
Creating a workfile and importing data 409
Copying and pasting data 409
Commands, operators and functions 411
Bibliography 414

Index 419



Introduction

What is econometrics?

The stages of applied econometric work



2 Introduction

What is econometrics?

The study of econometrics has become an essential part of every undergraduate
course in Economics and it is not an exaggeration to say that it is also a very
essential part of every economist’s training. This is because the importance of
applied economics is constantly increasing while the quantification and evalu-
ation of economic theories and hypotheses constitutes now, more than ever,
a bare necessity. Theoretical economics may suggest that there is a relationship
among two, or more, variables but applied economics demands both evidence
that this relationship is a real one, observed in everyday life, and quantification
of the relationship between the two variables as well. The study of the methods
that enable us to quantify economic relationships using actual data is known as
econometrics.

Literally, econometrics means ‘measurement (which is the meaning of the
Greek word metrics) in economics’. However, in essence, econometrics include
all those statistical and mathematical techniques that are utilized in the analysis
of economic data. The main target of using these statistical and mathematical
tools in economic data is to attempt to prove or disprove certain economic
propositions and models.

The stages of applied econometric
work

Applied econometric work in practice always has (or should at least, have) as a
starting point a model or an economic theory. From this theory, the first task of
the applied econometrician is to formulate an econometric model that can be
used in an empirically testable form. Then, the next task is to collect data that
can be used to perform the test, and after that to proceed with the estimation
of the model.

After the estimation of the model is done, the applied econometrician has to
perform specification tests to make sure that the model she/he used was the
appropriate one, as well as some diagnostic checking in order to check the per-
formance and the accuracy of the estimation procedure. If those tests suggest
that the model is adequate, then the next test is to apply hypothesis testing
in order to test the validity of the theoretical predictions, and then she/he
will be able to use the model for making predictions and policy recommend-
ations. If it is found that the specification tests and the diagnostics suggest
that the model used was not an appropriate one, then the econometrician
will have to go back to the econometric model formulation stage and revise
the model, repeating the whole procedure from the beginning (for a graph-
ical depiction of these stages see Figure 1.1). The aim of this book is to deal
with these issues and provide readers with all the basic mathematical and ana-
lytical tools that will enable them to carry out applied econometric work of
this kind.
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Adaptive expectations model, 222, 226-7
Adjusted R2, defined, 70
Akaike information criterion, defined, 70-1
ADF tests and, 323
ARIMA modeling and, 259
Almon lag procedure, 221-2
AR(1), see first-order autoregressive process
AR(p), see pth-order autoregressive process
ARCH tests for heteroskedasticity, 155
computer example, 157
steps for, 156-7
ARCH effects and ARCH models, 269
ARCH models, general approach, 267-9
computer example, 260—4
mathematical approach, 274-7
ARIMA models, defined, 246
computer example, 2604
estimating and forecasting with, 259-60
Augmented Dickey—Fuller test (ADF),
general, 315-18
cointegration equation and, 337-8
computer example, 319-20, 322-6
steps for, 319-20
Autocorrelation, defined, 140
ARCH tests and, 155
causes of, 140
computer examples, 150, 151, 154, 157
consequences of ignoring, 143-5
detecting, graphical method, 145-6
detecting, tests for, 146-57
first-order, 141
higher-order, 141-3
lagged dependent variable and, 152-3
residual plot and, 145
resolving, 157-63
Autoregressive (AR) Models, 247-51
Auxiliary regressions, 94, 96
heteroskedasticity and, 115-22
LM test approach and, 115-22

Bar diagram, 12-13

Base year, defined, 17

Best linear unbiased estimators
in simple regression, 38-9
in multiple regression, 68-9

Box—Cox transformation, 176-7
computer example, 186-8

Breusch—-Godfrey test, 150-1
computer example, 151-2

Breusch—-Pagan test, 114-16
computer example, 125-6

Causality, defined, 300
computer example, 303-6
Granger, 301-2
Sims, 302-3
testing for, 301-3
Chi-square test, defined, 76-7
Chow test, defined, 215
Cobb-Douglas production function, 48-9
double log model and, 175
Cochrane—Orcutt iterative procedure, 161
vs Hildreth-Lu search procedure, 162
Coefficients
correlation, 141
dummy, 197-202
first-order autocorrelation, 141
testing linear restrictions of, 73-8
testing the significance of the OLS, 434
Cointegration, defined, 328
and the ECM, general approach, 330-1
and the ECM, mathematical approach,
332-6
computer example, 354-3
Engle and Granger approach, 336-8
in panel data, 396402
Johansen approach, 340-3
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Cointegration, defined — continued
mathematical approach, 329-30
testing for, 336-8, 340-3

Conditional variance, 266-7

Confidence interval, 44-5

Consistency of OLS estimators, 37

Constant returns to scale, 74

Constant term
creating in Microfit, 407
dummy variables and, 197-8

Consumer price index, 99

Consumption income relationship, 50

Correlation
first-order serial, see autocorrelation
spurious, 328

Correlogram
for ARIMA models, 258

Cross-section data, defined, 8

Data, 8-9
base period and, 17
cross-sectional, 8
entering in EViews, 409
entering in Microfit, 405
panel, 9
time series, 89

Diagnostic checking in ARIMA modeling, 259

Dickey-Fuller tests
computer example, 322-6
performing in EViews, 319-22
Differencing, 311-12
Distributed lag models, 218-22
Almon transformation and, 221-2
Koyck transformation and, 220-1
Double-log model, 175-6
Dummy variables, defined, 196
Chow test, 215
effect of, 196-201
seasonal, 208-10
slope shift using, 203—4
structural change testing, 214-15
trap, 205
Durbin /-test, 152—4
Durbin-Watson test
for serial correlation, 147-50
tables, 148
Dynamic models
in panel data, 380-6
in time series data, 218-28

Econometrics, defined, 2
the use of, 2
Efficiency of the OLS coefficients, 37

E-GARCH model, 286
computer example, 287
Equation
reduced form, 233
simultaneous, 230-7
Error(s)

Index

correction model, see Error-correction

model

measurement, 177-8

normality of, 180

specification, 167
Error-correction model, defined, 331

cointegration and, 330-3

computer example, 354-62
Estimation

with ARIMA models, 259

of simultaneous equation models, 236-7

using dummy variables, 209-13
Estimator(s)
best linear unbiased, 37-68
consistency, 37-68
efficiency, 37
unbiasdeness, 35, 67
EViews software, basics, 407-11
Exact identification, 233
Exact multicollinearity, 90

Excel programme and OLS estimation, 50-3

Finite prediction error, 70

First-order autocorrelation coefficient,

141

First-order autoregressive process, defined,

247
miscellaneous derivations with, 251
Fitted straight line, 27-8
Fixed effects model, 369-71
F-test for overall significance, 78
Function(s)
autocorrelation, 141-3

Cobb-Douglas production, 48, 77, 175

Functional forms
double-log, 175
including interaction terms, 174
linear-log, 172
logarithmic, 175
log-linear, 174
polynomial, 173
reciprocal, 172-3

GARCH models, defined, 277-8
computer examples, 278-9

Generalized least squares, 132

General to specific approach, 189
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Glesjer test, 116
computer example, 126
Goldfeld-Quandt test, 119
computer example, 128
Goodness of fit, defined, 40
measurement of, 41-2
Granger causality test, 301
computer example, 303-6
steps for, 301-2

Hendry/LSE approach, 189
Heteroskedasticity
computer examples, 123-31
consequences of, 109
defined, 105
illustration of, 105
resolving, 132
testing for, 112-22
Heteroskedasticity consistent covariance
matrix estimator, 132
Hildreth-Lu search procedure, 162
vs Cochrane—Orcutt research procedure,
162
Histogram, 12-13
Homoskedasticity, 106
Hypothesis testing
confidence intervals and, 44
p-value approach, 44
steps to, 43

Identification problem, defined, 233
Im, Pesaran and Shin panel unit root test,
3934
Indirect least squares, 236
Indirect ¢-test, 77
Instrumental variables, 237-8
Integrated of order 4, 311
Integrated of order one, 311
Integration
Dickey—Fuller tests of, 315-18
Phillips—Perron tests of, 318-19
testing for the order of, 315
Intercept term
creating in Microfit, 407
dummy variables and, 202
Invertibility of MA models, 253

Joint significance, 78

Kao panel cointegration test, 397-8
Keynesian model, 50
Koyck lag model, 220-1

421

Lagged dependent variables
adaptive expectations model and, 226
partial adjustment model and, 224
serial correlation and, 227
Lagrange multiplier (LM) test
for adding variables, 79-80
for serial correlation, 150-7
for heteroskedasticity, 114-19
for omitting variables, 80
Larsson et al. panel cointegration test, 401
Least squares method, defined, 28
derivation of solutions for the simple model,
28-31
derivation of solutions for the multiple
model, 61-3
derivation of solutions with matrix algebra,
64
Levin and Lin panel unit root test, 392
Likelihood ratio test, 80
Linear-log model, 172
Ljung-Box test statistic, 259
Log-linear model, 174-5
Log-log model, 175
Long-run behavior,
error-correction model and, 331-5

Maddala and Wu panel unit root test, 394
Marginal effect
of functional forms, 171-6
interpretation of, 176
Marginal propensity to consume, 50
McCoskey and Kao panel cointegration test,
399
Mean group estimator, 383—4
Models(s)
adaptive expectations, 226-7
ARCH, 267
ARIMA, 257-9
autoregressive, 222-7
distributed lag, 218-22
double-log, 175
dynamic, 218
E-GARCH, 286-7
error correction, 330-1
fixed effects, 369-71
GARCH, 277-8
GARCH-M, 282-3
Hendry LSE approach, 189-90
Keynesian, 50
Koyck, 220-1
linear panel data, 368-70
linear-log, 172
log-linear, 174-5
log-log, 175
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Models(s) — continued
partial adjustment, 223
polynomial, 1734
random effect, 371-2
reciprocal, 172-3
TGARCH, 285
VAR, 298-9
with lagged dependent variables, 222
Modelling
general to specific, 189-90
Hendry/LSE approach, 189
simple to general, 189
Moving average models, 2514
Multicollinearity
computer examples, 96-101
consequences of, 91-2
defined, 90-2
detecting, 96
exact, see perfect
imperfect, 93
perfect, 90
Multiple regression
computer examples, 71-3
defined, 60
goodness of fit and, 70
hypothesis testing and, 73

Non-nested models, tests for, 185
Nonstationarity, defined, 247
and spurious regression, 308
and unit roots, 307

OLS, see Ordinary least squares
Omitted variables, 79-80
LM tests for, 80
Wald test and, 80
Ordinary Least Squares, defined, 28
GLS procedure and, 132
heteroskedasticity and consequences,
109-11
serial correlation and consequences, 143-5
Overidentification, defined, 233
Overparametrized model, 234

Panel data, defined, 9
advantages of, 368
cointegration and, 394402
dynamic, 379
fixed effects, 369-71
heterogeneous, 382
inserting in EViews, 373-7
random effects, 371
unit root tests, 391-6

Park test, 119

Index

Partial adjustment model, 233

computer example, 234
Partial autocorrelation function, 257
Pedroni panel cointegration test, 399401
Perfect multicollinearity, 90
Pooled mean group estimator, 3846
Production function
pth order autoregressive process, 141
p-value approach, 44

Qualitative information, defined, 196
dummy variables and, 196-7
with multiple categories, 205
slope term and, 119
with two categories, 202-5

R? adjusted for degrees of freedom, 70
Random effects model, 371
Reciprocal transformation, 172-3
Redundant variables, 79
Regression
Dickey—Fuller, 316
spurious, 311-12
sum of squares, 41
of Xon 7,26
Regression specification error test (RESET),
1824
Residual, defined, 26-27

Sample, change in Microfit, 13
Seasonal dummies, 208
application, 211-13
Serial correlation, see autocorrelation
Significantly different from zero, 43—4
Simple linear regression model, 26
computer examples, 45-6
interpretation of coefficients, 46
Simple to general modelling, 189
Simultaneous equation model, 231
consequences of ignoring simultaneity, 232
estimation of, 236-7
identification problem, 233
structure of reduced forms, 234
Specification error, defined, 167, 177
Spurious correlation, 311-12
Spurious regression, 311-12
Stationarity, defined, 247
Stationary time series, 247
Structural change, 214

Test(ing)
for autocorrelation, 145-7
for causality, 300
for cointegration, Engle—Granger approach,
336-7
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Test(ing) — continued Variable(s)

for cointegration, Johansen approach, dummy, 196-7
340-2 instrumental, 236-7

for heteroskedasticity, 112-22 lagged dependent, 222
for misspecification, 188 LM test for adding, 79
for structural change, 214-15 omitted, 79
for the joint significance of the Xs, 78 qualitative, 196-7
hypothesis, 73 redundant, 79
individual coefficients, 73 Variation
linear restrictions, 73 coefficient of, 40-1
of goodness of fit, 68 explained, 41

Time series data, 8 total, 41

Time series models, see ARIMA models

unexplained, 41
Total sum of squares, 41

Vector autoregressive (VAR) models,

298-300
Unbiasedness of OLS coefficients
simple regression, 35
multiple regression, 67 Wald test, defined, 75
Unit roots, defined, 308 computer example, 80
Dickey—Fuller test and, 315-17 performing in EViews and Microfit, 75
panel data and, 391-5 Weighted least squares, 132

Philips—Perron test, 318 White’s test, 130-1
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