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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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Using the model for
predictions and policy

Tests of any
hypotheses
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Data

Economic theory

Econometric model

Estimation

Is the model adequate?

Specification testing
and

diagnostic checking

Figure 1.1 The stages of applied econometric analysis
Source: Based on Maddala (2001).
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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, 260–4
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, l86–8

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, 43–4

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, 396–402
Johansen approach, 340–3

419
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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, 8–9

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 h-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)
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,

393–4
Indirect least squares, 236
Indirect t -test, 77
Instrumental variables, 237–8
Integrated of order d, 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

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, 173–4
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, 251–4
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, 394–402
dynamic, 379
fixed effects, 369–71
heterogeneous, 382
inserting in EViews, 373–7
random effects, 371
unit root tests, 391–6

Park test, 119

Partial adjustment model, 233
computer example, 234

Partial autocorrelation function, 257
Pedroni panel cointegration test, 399–401
Perfect multicollinearity, 90
Pooled mean group estimator, 384–6
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

R2 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 X on Y , 26

Regression specification error test (RESET),
182–4

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
for cointegration, Johansen approach,

340–2
for heteroskedasticity, 112–22
for misspecification, 188
for structural change, 214–15
for the joint significance of the X s, 78
hypothesis, 73
individual coefficients, 73
linear restrictions, 73
of goodness of fit, 68

Time series data, 8
Time series models, see ARIMA models
Total sum of squares, 41

Unbiasedness of OLS coefficients
simple regression, 35
multiple regression, 67

Unit roots, defined, 308
Dickey–Fuller test and, 315–17
panel data and, 391–5
Philips–Perron test, 318

Variable(s)
dummy, 196–7
instrumental, 236–7
lagged dependent, 222
LM test for adding, 79
omitted, 79
qualitative, 196–7
redundant, 79

Variation
coefficient of, 40–1
explained, 41
total, 41
unexplained, 41

Vector autoregressive (VAR) models,
298–300

Wald test, defined, 75
computer example, 80
performing in EViews and Microfit, 75

Weighted least squares, 132
White’s test, 130–1
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