
Index

2SLS estimator see generalized instrumental
variables estimator

ability bias, education issues 147–8
ACF see autocorrelation function
ADF tests see augmented Dickey–Fuller tests
adjusted R squared

see also R squared
definition 23

aggregate income 1–2, 138–9, 144–5, 322
AIC see Akaike’s Information Criterion
air quality values 127
Akaike’s Information Criterion (AIC) 61–2,

64, 72–4, 84, 299–302, 337–8
alcohol/tobacco expenditures illustrations,

tobit models 235–8, 245–9, 265–6
alternative hypothesis

see also hypothesis testing
concepts 24–32, 97–104, 109–14

Anderson–Hsiao estimators, concepts
379–80, 387–8

AR see autoregressive process
arbitrage 120–1
arbitrary number of instruments, multiple

endogenous regressors 151–4
arbitrary weights, GLS 97
ARCH see autoregressive conditional

heteroskedasticity
ARCH-in-mean model (ARCH-M), concepts

315
Arellano–Bond GMM estimators 387–8
ARIMA models

concepts 4, 269, 281–2
definition 281–2

ARMA models
see also time series. . .; unit roots
common roots 279–80
concepts 4, 269, 275–322, 332–3, 336–8

definition 275–83
estimation 280, 293–5, 302–11
exercises 320–2
GARCH 313–22
invertible polynomials 277–322
least squares estimator 293–4
maximum likelihood estimator 293, 294–5
multivariate time series models 324
optimal predictor 302–7
prediction error 305–7
predictions 4, 302–11
stationarity issues 280–3

asset pricing
see also capital asset pricing model
concepts 7, 38–42, 49–50, 161, 164–7
exercises 49–50
GMM estimator 161, 164–7

asset-returns distributions, lognormal
distributions 435

assumption (A1) 16
assumption (A2) 16
assumption (A3) 16
assumption (A4) 16
assumption (A5) 20
assumption (A6) 33
assumption (A7) 35, 131
assumption (A8) 36, 130
assumption (A9) 89
assumption (A10) 90
assumption (A11) 130
assumption (A12) 131
asymmetric distributions, concepts 314–15,

428
asymptotic properties

autocorrelation 109–10, 124–7
consistency 33–5, 177
definition 32–3
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asymptotic properties (continued )
maximum likelihood estimator 177–9
normal distributions 35–6
OLS estimator 32–8, 93, 98–9, 109–10,

131–40
small samples 36–8, 186–7

augmented Dickey–Fuller tests (ADF tests)
286–93, 330–1, 333–5, 348–9,
391–3

autocorrelation 3–4, 16–17, 19–21, 40–2,
60–1, 77, 85–128, 131–40, 153–4,
160, 191, 271–5, 295–302

see also error terms
alternative patterns 114–16
alternative tests 109–14
asymptotic tests 109–10, 124–7
Breusch–Godfrey Lagrange multiplier test

109–10, 113, 115, 122–7, 134
business cycles 105
Cochrane–Orcutt estimators 108
concepts 3–4, 16–17, 19–21, 40–2,

60–1, 77, 85–7, 104–28, 131–2,
153–4, 160, 191, 271–5, 295–302

consequences 105, 119–20
definition 104–5, 273
Durbin–Watson test 110–14, 117–18,

122–3, 127–8, 134, 327–8, 348–52,
373–7

exercises 127–8
first-order autocorrelation 105–14, 116,

134–40, 141–4, 270–2, 336–8
fixed effects panel data model 373–88
GMM 160
heteroskedasticity-and-autocorrelation-

consistent standard errors 118–20,
126–7, 133, 160, 285–7

higher-order autocorrelation 114–15
ice cream illustration 105–6, 111–14, 127
lagged dependent variables 133–40
maximum likelihood estimator 191
model misspecification 109, 116–18, 188
moving averages 115–16, 126–7, 271–2,

296–302
omitted variables 116, 117–18, 137–40,

238–40
overlapping samples 124–8, 132–3
panel data 372–7, 381–8
Prais–Winsten estimator 108
random effects panel data model 373–7
risk premia in FX markets illustration

120–7
stationary process 106–8, 117–19,

271–82
testing 109–14, 122–7
time series models 105–28, 271–5,

295–302
unknown ρ values 108–9

autocorrelation function (ACF), definition
273–4, 295–305, 310–11, 322

autocovariances
concepts 271–2, 273–5
definition 271, 273

autoregressive conditional heteroskedasticity
(ARCH)

see also generalized. . .
ARCH-in-mean model 315
asymmetric models 314–15
concepts 131, 270, 311–22
definition 312
EGARCH model 314–5
estimation 315–19
integrated GARCH 313
predictions 315–19
testing 312–13
volatility in daily exchange rates

illustration 317–19
autoregressive distributed lag model, concepts

324–7
autoregressive panel data model, concepts

377–88
autoregressive process (AR)

concepts 270–322, 377–88
definition 270, 275–8
MA models 276, 301–2
unit roots 278–93

auxiliary regression
concepts 66, 102–4, 109–14, 122–7, 156,

197, 211–12
definition 66

average treatment effect, definition 253–7

balanced subpanels, concepts 401–6
bank relationships illustration, duration

models 262–4
Bartlett weights, concepts 118–20
baseline hazard function, concepts 259–60,

263–4
Bayesian Information Criterion see Schwarz

Bayesian Information Criterion
best linear approximation, concepts 9–10
best linear unbiased estimator (BLUE)

18–19, 26–7, 50–1, 85, 87–8,
108–9

beta coefficients, risk/returns 39, 41–2, 50
between estimator

concepts 365–70
definition 365–7

BHHH estimator, concepts 178
bias 17–21, 26–7, 34–8, 83, 85, 87, 90–1,

108–9, 129–40, 175–6, 249–53,
261–4, 356–7, 378–9, 401–6

ability bias 147–8
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BLUE 18–19, 26–7, 50–1, 85, 87–8,
108–9

limited dependent variables 249–53,
261–4

unbiased estimators 17–21, 26–7, 34–8,
83, 85, 87, 90–1, 108–9, 129–40,
175–6, 356–7, 378–9, 401–6

BIC see Schwarz Bayesian Information
Criterion

binary choice models
concepts 3–4, 199–216, 219–20, 246–9,

264–7, 355–6, 393–400
definition 200–1
estimation 203–4
exercises 264–7
goodness-of-fit measures 205–7, 209–10
linear probability models 201
logit models 201
panel data 394–400, 414–15
probit models 201
relaxed assumptions 212
semi-parametric estimation 212
specification tests 210–12
types 201–2
underlying latent model 202–3
unemployment benefits impacts on

recipiency illustration 207–10
binomial model

count data models 224–30
NegBin models 226–30

birth dates, education issues 147–8
bivariate normal distributions, concepts 4,

241–3, 331–2, 341–2, 392–3, 432–3
BLUE see best linear unbiased estimator
book values 49–50, 263, 384–8
book-to-market ratios 49–50, 384–8
Bretton Woods 67
Breusch–Godfrey Lagrange multiplier test

109–10, 113, 115, 122–7, 134
Breusch–Pagan test

see also White test
concepts 99–103, 124–7, 183–4, 190,

211–12, 312, 374
business cycles, autocorrelation 105

calculus see differentiation
cancelling roots see common roots
capital

capital structure panel data illustration
383–8

labour demand illustration 100–4
capital asset pricing model (CAPM)

see also mean variance efficient portfolios
concepts 7, 38–42, 49–50, 164
definition 38–9
estimates 40–2

exercises 49–50
importance 38–9
January effect 42
linear regression model 39–42
testing 40–2

causal effects, estimated coefficients 55,
140–1

cdf see cumulative density function
censored regression model

see tobit models
Center for Research in Security Prices

(CRSP) 40–1, 50, 165–7
central moments, concepts 428, 431–2
ceteris parabis condition, concepts 15, 29,

54–7, 69–70, 101–2, 149, 209, 229,
263–4

characteristic equations
concepts 278–80
definition 278

characteristic roots, definition 278–9
Chi-squared distributions

see also; Wald test
concepts 24, 31, 36, 99–104, 113–14,

126–7, 131–40, 156, 161–7, 183,
189, 190–5, 210–12, 220, 237–8,
312–13, 343–5, 352, 375, 405–6,
433–5

definition 433–4
choice models, unemployment benefits

impacts on recipiency illustration
207–10

Chow test
see also F tests
concepts 67, 81–3
definition 67

CIP see covered interest parity
cluster-robust covariance matrix, concepts

372–3
Cobb–Douglas production function 26, 65,

102, 359
Cochrane–Orcutt estimators, concepts 108
cohort data 406–11
cointegrated variables

bivariate VAR 31–2, 392–3
concepts 3–4, 323–4, 328–35, 338–53,

389–93
definition 323, 328
error-correction mechanism 3–4, 332–5,

351–2
exercises 353–4
long-run purchasing power parity

illustration 333–5, 345–7
money demand and inflation illustration

347–52
multivariate time series models 323–4,

338–53
panel data 389–93



454 INDEX

cointegrated variables (continued )
testing 342–7, 389–93
VAR models 338–53

cointegrating matrix, definition 339
cointegrating rank, definition 339
cointegrating regression Durbin–Watson test

(CRDW test), concepts 330–1, 334–5,
348–52

cointegrating space, definition 338
cointegrating vectors

concepts 329–30
definition 329

collinearity concepts 7, 9–10, 13, 19–21,
43–6, 54–7

column rank of a matrix, definition 420
common roots, concepts 279–80
common trend

see also cointegrated variables
definition 328–9

conditional distributions, concepts 56–7,
429–31

conditional expectation
see also expected values
concepts 430–2
definition 430

conditional likelihood function, concepts
395–400

conditional logit model
see also logit models
concepts 221–3
definition 221

conditional maximum likelihood, concepts
394–400

conditional mean independent, concepts
16–21, 130–40, 430–1

conditional moments tests, concepts 194–5
confidence intervals

concepts 25–8, 179
definition 25

consistency property
asymptotic properties of OLS estimator

33–5
maximum likelihood estimator 177

constrained maximum likelihood estimator
see also maximum. . .
concepts 182–8

consumption models 22–3, 138–40, 144–5,
154–7, 158–9, 164–7

continuous random variables
concepts 164–5, 199–267, 426–7
definition 426

control variables, concepts 54–5
correlation coefficient

see also autocorrelation; covariance;
standard deviation

concepts 44–6, 104–28, 429–31, 432
definition 429

count data models
concepts 199, 223–30
negative binomial model 224–30
ordered response models 223–4
patents/R&D expenditures illustration

228–30
Poisson distribution 224–30

counterfactual outcome 253–7
covariance

see also variance
autocovariances 271–2, 273–5
concepts 11–12, 16–27, 31, 35–6, 62,

85–7, 91–7, 104–28, 132–3, 143–5,
153–4, 160–1, 177–8, 181, 184–95,
225–6, 271–2, 372–3, 381–8, 405,
428–9, 432–4

definition 428–9
covered interest parity (CIP)

concepts 120–1, 126–7
definition 120–1

Cramèr–Rao lower bound 178
CRDW test see cointegrating regression

Durbin–Watson test
credit ratings illustration, limited dependent

variables 215–17
crime levels, reverse causality 138
critical values

definition 24
hypothesis testing 24–32, 91–3, 109–14,

330–1, 350–2
CRSP see Center for Research in Security

Prices
cumulative density function

concepts 258–60, 397–400, 426–7, 431–2
definition 426

data mining, definition 58–9
data snooping

concepts 58–9, 71–4
definition 58–9

Datastream 122–3
debt ratios 384–8
degenerate distributions, definition 426
degrees of freedom

Chi-squared distribution 24, 31, 36, 66,
434–5

error variance estimation 19–21, 180
F -distribution 28, 31, 66, 434–5
goodness-of-fit 23, 61
t-distribution 24, 434–5

demand/supply equations, reverse causality
138–9

dependent variables
see also limited. . .
concepts 31, 36, 43–6, 199–267,

428–33
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determinant concepts, symmetric matrices
422

deterministic variables
concepts 14–15, 17–18, 284–5
definition 14

DF tests see Dickey–Fuller tests
diagnostic checking, time series models

299
diagonal matrices

concepts 16–17, 88–97, 418
definition 418

Dickey–Fuller tests (DF tests) 283–93,
310–11, 322, 330–1, 333–5, 339–41,
343–4, 348–9, 391–3

difference stationary process, definition 284
differences-in-differences estimator

concepts 362–4
definition 362–3

differentiation
concepts 12–13, 152, 417, 422–3
matrices 12–13, 152, 422–3

discrete random variables, concepts 199–267,
425–6

dispersion
see also standard deviation; variance
concepts 427–8
count data models 223–30

distributed lag model, definition 327
distribution theory

see also Chi-squared. . .; conditional. . .;
F . . .; multivariate. . .; normal. . .; t . . .

concepts 4, 20–1, 56–7, 425–35
diversified risk 39–42
dividend yields 71–4
DM/US$ exchange rates, volatility in daily

exchange rates ARCH illustration
317–19

dummy variables 12, 44–6, 54–7, 66–7,
71–4, 78–84, 208–10, 360

definition 12, 360
multicollinearity 44–6, 54–5, 80–3
dummy variable trap 80–1

duration models
bank relationships illustration 262–4
definition 257
duration dependence 259–60
estimation 260–4
explanatory variables 262
flow sampling 260–4
hazard function 257–60, 262–4
left-censored data 260–4
right-censored data 260–4
samples 260–4
stock sampling 260–4

Durbin–Watson test
concepts 110–14, 117–18, 122–3, 127–8,

134

cointegrating regression 330–1, 348–52
spurious regression 327–8
panel data 373–7

Durbin–Wu–Hausman test 144
dynamic linear models, panel data

377–89
dynamic models

multivariate time series models 323–7
panel data 356, 377–89, 410–11

EBITDA, capital structure panel data
illustration 385–8

econometrics
concepts 1–5
critique 1–2, 5
definition 1
hands-on experience 5
software packages 5, 166, 219, 225,

290–1, 317, 398
‘ten commandments of applied

econometrics’ 60
education issues

ability bias 147–8
birth dates 147–8
individual wages examples 11–12, 20–2,

26, 29–30, 45–6, 54–5, 75–83,
137–8, 142–4, 146–50, 168, 375–7

returns 142–4, 146–50, 168
efficient market hypothesis 2–3, 130–3,

383–8
see also returns

EGARCH see exponential GARCH
EGLS see feasible generalized least squares
Eicker–White standard errors see

heteroskedasticity-consistent standard
errors

eigenvalues 343–7, 417, 421–2
concepts 343–7, 421–2
definition 421–2
maximum eigenvalue test 343–7

eigenvectors
concepts 421–2
definition 421–2

elasticity measures
see also semi-elasticity. . .
concepts 55–7, 79–83, 202, 227–8, 235–6
definition 55
Engel curve 89, 96, 235–8
linear regression models 55–7, 79–83,

202, 227–8
encompassing F test see non-nested F test
encompassing principle

concepts 63
non-nested model comparisons 62–3

endogeneity
see also simultaneity
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endogeneity (continued )
concepts 3–4, 129–69
definition 138
endogenous regressors 137–40
multiple endogenous regressors 145–6,

151–4
reverse causality 138–40
testing 143–5

Engel curves 89, 96, 235–8, 245–9, 265–6
Engle–Granger approach 332–3, 342, 346–7
equidispersion concepts 225
error terms 3–4, 14–21, 32–8, 40–2, 64, 67,

81–2, 85–128, 130–40, 174–6,
189–91, 239, 270, 295–302, 311–22,
327–8

see also autocorrelation; heteroskedasticity
ARCH 131, 270, 311–22
concepts 3–4, 14–21, 32–8, 40–2, 67,

85–128, 130–40, 174–6, 311–22
definition 14, 105
Gauss–Markov assumptions 16–21,

23–31, 32–8, 40–2, 50–1, 77–8,
85–8, 90–2, 99, 105–11, 130–40,
174–6

moving average errors 115–16, 126–7
normal distributions 20–1, 23–4, 36,

110–11, 174–6, 180–1, 239–40,
283–5

error-correction mechanism
cointegrated variables 3–4, 332–5, 351–2
concepts 3–4, 324, 325–7, 332–5, 351–2

estimated standard deviation see standard
error

estimates
ARCH 315–19
ARMA models 4, 280, 293–5, 302–11
causal effects 55
definition 15
duration models 260–4
individual wages illustrations 75–83
intertemporal asset pricing models

illustration 161, 164–7
nonlinear least squares estimations 65
predicting stock index returns illustration

71–4
risk premia in FX markets illustration

120–7
estimators

see also generalized least squares; ordinary
least squares

concepts 3–4, 15–21, 87–8, 129–69,
224–30, 293–4

definition 15
degrees of freedom 19–21
GIVE 150–7, 163
GMM 3–4, 129, 157–69, 171–2, 178,

192–5, 355, 370–1, 377–88

instrumental variables estimators 3–4, 129,
140–69, 355, 370–1, 377–88, 409–11

maximum likelihood estimator 3–4,
171–97, 203–4, 214–17, 219–20,
223, 224–30, 233–49, 260–4, 293,
294–5, 315–19, 343–5, 351–2, 373,
394–400

unbiased estimators 17–21, 26–7, 34–8,
83, 85, 87, 90–1, 108–9, 129–40,
175–6, 356–7, 378–9, 401–6

EUR/US$ exchange rates, risk premia in FX
markets illustration 121–7

European Community Household Panel 75
Eviews 5
exact multicollinearity

see also multicollinearity
concepts 44–5, 80–1
definition 44

excess kurtosis
see also kurtosis
concepts 195, 211–12, 239–40
definition 195

excess returns 40–2, 71–4, 164–7
see also returns
predicting stock index returns illustration

71–4
exercises 4–5

ARMA models 320–2
asset pricing 49–50
autocorrelation 127–8
binary choice models 264–7
cointegrated variables 353–4
GMM 168–9
heteroskedasticity 127–8
individual wages 48–9, 168
instrumental variables 167–8
Lagrange multiplier test 195–7
limited dependent variables 264–7
linear regression models 47–51, 83–4,

127–8, 195–7
maximum likelihood estimator 195–7
multivariate time series models 353–4
overview 4–5
panel data 411–15
Poisson regression model 197
probit models 264–7
regression models 47–51, 83–4, 127–8,

195–7
time series models 320–2, 353–4
tobit models 264–7
univariate time series models 320–2

exogenous variables
concepts 15, 117–19, 138, 150, 155,

180–1, 363–4, 382–8
definition 15, 138

expectations, GMM 129, 157–69, 172, 178,
192–5
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expectations theory of the term structure of
interest rates illustration, time series
models 307–11

expected values
see also conditional expectation; mean
concepts 53–7, 158–67, 426–7, 430–1
definition 53–4, 426, 430

experience levels, individual wages
illustration 78–83, 148–50, 375–7

explanatory variables
see also regressors
concepts 43–6, 54–7, 70–4, 110–14,

117–18, 129–69, 220, 262–4, 337–8,
357

duration models 262
error terms 129–69
measurement errors 133–40, 145

exponential GARCH (EGARCH)
concepts 314–22
definition 314
volatility in daily exchange rates

illustration 317–19
Exxon Valdez 217–18

F distributions
see also Chi-squared distributions
concepts 28–31, 36, 50, 61–4, 66–74,

79–83, 99, 103–4, 131–40, 157,
182–8, 327–8, 434–5

F tests 28–31, 36, 50, 61–4, 66–74, 79–83,
99, 103–4, 131–40, 157, 182–8,
327–8

see also Chow tests
alternative formulation 31
definition 28, 31
hypothesis testing 28–31, 36, 50, 61–4,

66–74, 91–3, 99, 103–4, 131–40,
182–8

model test 28–9
non-nested F test 63–4, 70, 84

feasible generalized least squares (FGLS)
see also generalized least squares
concepts 3–4, 88, 93, 94–7, 104, 108–9,

113–14, 117–19, 127–8, 316–19,
357, 364–77

definition 88, 93
panel data 357, 364–77

firm–bank relationships, duration models
262–4

first-difference estimator
concepts 362–4, 367, 382–8, 407–11
definition 362, 367

first-order autocorrelation
see also autocorrelation
concepts 105–14, 116–19, 134–40,

141–4, 270–2, 336–8

definition 105–6
Durbin–Watson test 110–14, 117–18,

122–3, 127–8, 134, 327–8, 348–52
stationary process 106–8, 117–19,

271–82
testing 109–14

Fisher regression 348–52
Fisher test 392
fixed effects estimator

concepts 360–77, 385–8, 395–400
definition 360, 367

fixed effects panel data model
autocorrelation 373–7
concepts 355, 357–88, 395–400, 402–6,

407–11
definition 357, 359–60
heteroskedasticity 373–7

flow sampling, duration models 260–4
forecasts 2–5, 47

see also predictions; time series. . .
importance 47

foreign exchange (FX)
CIP 120–1, 126–7
interest rates 120–7
purchasing power parity (PPP) time series

illustration 290–3, 323–4, 333–5,
345–7

risk premia in FX markets illustration
120–7

UIP 120–1
volatility in daily exchange rates ARCH

illustration 317–19
forward contracts

concepts 115–16, 120–7
valuations 115–16

forward discount
concepts 120–7
definition 120–1

forward rates, definition 120
fourth-order autocorrelation

see also autocorrelation; higher-order. . .
concepts 114–15, 122–7

fractional integration, unit roots 288
full column rank matrices, definition 420
functional-form misspecifications

concepts 64–7, 116–18, 188–95, 210–12
structural breaks 66–7

FX see foreign exchange

GARCH see generalized autoregressive
conditional heteroskedasticity

Gauss–Markov assumptions
concepts 7, 16–21, 23–31, 32–8, 40–2,

50–1, 61–2, 77–8, 85–8, 90–2, 99,
105–11, 130–40, 174–6

definition 16
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GBP/US$ exchange rates, risk premia in FX
markets illustration 121–7

GDP 288, 347–52
gender issues, individual wages examples

11–12, 20–2, 26, 29–30, 45–6, 54–5,
75–83, 375–7

general case, null hypothesis 30–1, 63–4
general unrestricted model (GUM) 59–60
general-to-specific modelling approach 59–60
generalized autoregressive conditional

heteroskedasticity (GARCH)
see also autoregressive. . .
asymmetric models 314–15
concepts 4, 131, 172, 313–22
definition 313
volatility in daily exchange rates

illustration 317–19
volatility of returns in financial markets

316–17, 321–2
generalized instrumental variables estimator

(GIVE)
concepts 150–7, 163
definition 153–4
Keynesian consumption function 154–7
specification tests 155–7, 172

generalized least squares (GLS)
see also feasible. . .
arbitrary weights 97
concepts 3–4, 88–97, 107–9, 113–14,

116–20, 315–19, 357, 364–77
definition 88
hypothesis testing 91–3, 97–104, 113–14
OLS estimator 88, 91, 107–9, 113,

116–18, 365–6
panel data 357, 364–77
unknown variances 92–3
weighted least squares 90–7

generalized method of moments (GMM)
see also instrumental variables estimators
advantages 161, 167
asset pricing 161, 163–7
concepts 3–4, 129, 157–69, 171–2, 178,

192–5, 355, 370–1, 377–88
definition 157–8, 159–61, 192–5
examples 158–9, 161–3
exercises 168–9
heteroskedasticity 161, 163–7
intertemporal asset pricing models

illustration 161, 164–7
iterated GMM estimator 161, 165–7
maximum likelihood estimator 172, 178,

192–5
overidentifying restrictions tests 161–7,

169, 387–8
panel data 355, 370–1, 377–88
weak instruments 163

generalized residual, definition 204, 256–7

GIVE see generalized instrumental variables
estimator

GLS see generalized least squares
GMM see generalized method of moments
Goldfield–Quant test 98
goodness-of-fit measures

see also R squared
binary choice models 205–7, 209–10
concepts 7–8, 21–3, 28–31, 41–6,

47–51, 61–2, 64, 205–7, 209–10,
299–300, 369–71, 376–7

definitions 21–2, 23, 205
linear regression models 7–8, 21–3,

28–31, 41–6, 61–2, 64, 369–71
non-OLS estimators 22–3
panel data 369–71, 376–7
regressors 23, 61–2, 64
statistical models 22–3, 299–300

GUM see general unrestricted model

HAC see heteroskedasticity-and-
autocorrelation-consistent standard
errors. . .

hands-on experience, econometrics 5
Hansen–White standard errors

see also heteroskedasticity-and-
autocorrelation-consistent standard
errors

concepts 119–20
Hausman test

see also Durbin–Watson test
concepts 110–14, 117–18, 122–3, 127–8,

134, 327–8, 348–52, 368–9
definition 368–9

Hausman–Taylor estimator
concepts 371, 412–13
definition 371

hazard function
definition 258
survival functions 257–60, 262–4

Heckman’s lambda, concepts 241–3, 256–7
hedging 120–7
hedonic prices

concepts 67–70
definition 67

Hessian matrix 178
heteroskedasticity 3–4, 17–19, 40–2, 60–1,

67, 77–9, 85–128, 131–40, 153–4,
189–95, 210–12, 270, 311–22

see also error terms; variance
ARCH 131, 270, 311–22
Breusch–Pagan test 99–103, 124–7,

183–4, 190, 211–12, 312, 374
concepts 3–4, 17–19, 40–2, 60–1, 67,

77–9, 85–104, 118–20, 131–2,
153–4, 189–95, 210–12, 311–22



INDEX 459

definition 88–9
exercises 127–8
fixed effects panel data model 373–7
GMM 161, 163–7
labour demand illustration 100–4
maximum likelihood estimator 189–91,

210–12
multiplicative heteroskedasticity 96–7,

98–9
omitted variables 116, 117–18, 137–40,

238–40
random effects panel data model 373–7
standard error 93–104, 105, 118–20,

126–7, 131–40, 160, 285–7, 372–3
testing 97–104, 122–7
tobit models 238–40, 244–5
two unknown variances 95, 98
White test 99–100, 127–8, 133–4

heteroskedasticity-and-autocorrelation-
consistent standard errors (HAC),
concepts 118–20, 126–7, 133, 160,
285–7, 372–3

heteroskedasticity-consistent standard errors
concepts 93–4, 103–4, 118–20
definition 94

higher-order autocorrelation
see also autocorrelation; fourth-order. . .
concepts 114–15, 122–7

hit rate, definition 207
homoskedasticity

concepts 16–17, 19–21, 64, 67, 81–2,
87–104, 107–8, 174–6, 189–91, 239,
312–13, 356–7, 375, 381–2

definition 16
Horowitz’s smooth maximum score estimator

212
house prices, examples 67–70
household budget survey (1995–1996),

Belgium 236–7
hypothesis testing

autocorrelation 109–14, 122–7
cointegrated variables 342–7, 389–93
concepts 3–4, 7–8, 21, 23–32, 37–8,

40–2, 61–4, 91–3, 97–104, 109–14,
122–7

F distributions 28–31, 36, 50, 61–4,
66–74, 91–3, 99, 103–4, 131–40,
182–8

functional-form misspecifications 66–7,
194–5, 210–12

general case 30–1, 63–4
GLS 91–3, 97–104, 113–14
heteroskedasticity 97–104, 122–7
joint significance tests of regression

coefficients 27–9
multivariate time series models 324,

327–31

OLS 21, 23–32, 37–8, 40–2, 61–4, 91–3,
97–104, 109–14, 312–13

one linear restriction 26–7
p values 32
panel data 373–7, 389–93, 403–6
power 31–2, 38
risk premia in FX markets illustration

120–7
significance levels 24–32, 37–8, 91–3,

283–5
size 31–2, 37–8
specification tests 155–7, 172, 178,

181–95
t ratios 25–32, 41–6, 50–1, 68–70,

72–83, 103–4, 112–14, 122–7,
131–40, 144, 148–50, 179, 182–8,
283–5, 327–8, 394–5

time series models 283–93, 312–13, 324,
327–32, 342–7

type I/II errors 31–2, 58–9
unit roots 283–93, 389–93

ice cream illustration, autocorrelation 105–6,
111–14, 127

idempotent matrices, definition 421
identity matrices

concepts 16–17, 85–7, 88–97, 418
definition 418

idiosyncratic risk see diversified risk
ignorable selection rules, concepts 250–1
IIA see independence of irrelevant

alternatives
illustrations

see also individual illustrations
overview 4–5

IM see information matrix
impact multiplier, definition 325
impulse-response function, definition 338
in-sample results, concepts 9
income 2, 138–9, 144–5, 322, 435

see also wages
incomplete panels

see also panel data
concepts 401–6

independence of irrelevant alternatives (IIA)
concepts 222–3
definition 222

independent variables, concepts 31, 36, 43–6,
428–33

indices, predicting stock index returns
illustration 71–4

individual wages
examples 11–12, 20–2, 26, 29–30, 45–6,

54–5, 75–83, 137–44, 146–50,
375–7, 407–11

exercises 48–9, 168
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inflation 290–3, 347–52
concepts 347–52
money demand and inflation time series

models illustration 347–52
information matrix (IM), definition 177–8,

190–1, 194
information matrix test 194
information sets

see also optimal predictor
concepts 303–5

initial conditions problem, concepts 399–400
inner product, vector concepts 418–19
instrument, definition 142
instrumental variables

definition 142
exercises 167–8
exogeneity 142
generalized instrumental variables

estimator 150–7
relevance 142

instrumental variables estimators
see also generalized method of moments;

simultaneous equations model
concepts 3–4, 129, 140–69, 355, 370–1,

377–88, 409–11
definition 142–3
GIVE 150–7, 163
individual wages illustration 146–50
measurement errors 145
multiple endogenous regressors 145–6,

151–4
panel data 355, 370–1, 377–88, 409–11
single endogenous regressors 140–4
specification tests 155–7
weak instruments 156–7, 163

integrated of order one series, definition
281–2

integrated of order two series, definition 282
integration

concepts 269, 281–2
definitions 282

interest differential, definition 120–1
interest rates 2, 71–4, 120–7, 282, 347–52

CIP 120–1, 126–7
FX markets 120–7
long/short-rates 308–11
term structure of interest rates time series

illustration 270, 307–11
time series illustrations 2, 270, 282,

307–11, 347–52
UIP 120–1
yield curves 307–11

interpretations, regression models 3–4, 53–84
intertemporal asset pricing models

illustration, GMM estimator 161,
164–7

intertemporal marginal rate of substitution,
concepts 164–7

inverse matrices
concepts 10–11, 13, 43–4, 184–5, 420–2
definition 420

inverse Mill’s ratio see Heckman’s lambda
inverted yield curves, concepts 309–11
invertible polynomials

concepts 277–322, 326–7
definition 277–8

investment levels, Keynesian consumption
function 138–40, 154–7

Italy 290–3, 333–5
iterated GMM estimator

see also generalized method of moments
concepts 161, 165–7

IV see instrumental variables. . .

J tests, concepts 63–4, 84
January effect, CAPM 42
Jarque–Bera test, definition 195
Jensen’s inequality, definition 427, 435
joint density function

concepts 136–7, 174–97, 428–9, 432–4
definition 428

joint significance tests of regression
coefficients, hypothesis testing 27–9

Keynesian consumption function 138–40,
144–5, 154–7

KPSS test
see also Lagrange multiplier test
concepts 285, 390–1
definition 285

kth central moment, definition 428, 431–2
kurtosis

concepts 194, 195, 211–12, 239–40, 428
definition 428
excess kurtosis 195, 211–12, 239–40

labour demand illustration
see also wages
heteroskedasticity 100–4

lag operators
concepts 276–80
definition 276

lag polynomials
concepts 276–322
definition 276–7

lagged dependent variables
autocorrelation 133–40
panel data 355, 377–88, 398–400, 410–11

Lagrange multiplier test (LM)
autocorrelation 109, 191
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concepts 3–4, 99, 109–10, 113, 115,
122–7, 134, 171–2, 181–97, 210–2,
220, 238–40, 374, 390–3

conditional moments tests 194–5
definition 182, 183–7
exercises 195–7
heteroskedasticity 189–90, 210–1, 238–40
normality 211–2
maximum likelihood estimator 181–95,

210–12
normal linear regression models 187–91,

195–7
OPG version 186
omitted variables 188–9, 238–40

latent variables
concepts 202–3, 233, 251–3
definition 202–3

learning techniques, econometrics 4–5
least squares dummy variable estimator

(LSDV), definition 360
least squares manipulations

see also ordinary. . .
concepts 7–51, 360–77, 420, 423–4
matrices 12–13, 420, 423–4

left-censored data, duration models 260–4
length-biased sampling 261–2
leptokurtosis

see also kurtosis
definition 428

leverage, definition 263
likelihood contributions

see also maximum. . .
concepts 176–97, 234–5, 261–4
definition 176

likelihood function
see also maximum. . .
definition 172–3

likelihood ratio (LR)
concepts 181–8, 216–17, 227, 228–30,

343–5, 351–2
definition 182, 183

limited dependent variables
alcohol/tobacco expenditures illustrations

235–8, 245–9, 265–6
bank relationships illustration 262–4
binary choice models 199–212, 219–20,

246–9, 264–7
concepts 3–4, 199–267, 355–6, 393–400
count data models 199, 223–30
credit ratings illustration 215–17
duration models 199, 257–67
estimation 203–4
exercises 264–7
goodness-of-fit measures 205–7
multinomial models 220–3
multiresponse models 199, 213–23
normalization issues 214–17, 393–400

ordered/unordered response models
213–14, 223–4

panel data 355–6, 393–400
patents/R&D expenditures illustration

228–30
Poisson distribution 224–30
probit models 201–2, 213–14, 219–20,

223, 241–2, 246–7, 264–7, 393–
400

samples 199, 237–8, 240–53, 260–4
sample selection bias 249–52
selection issues 199, 240–53
specification tests 210–12, 238–40
surveys 199–200
tobit models 199, 207–10, 230–49,

252–3, 264–7, 355–6, 393–400
treatment effects 199, 253–7
underlying latent model 202–3
unemployment benefits impacts on

recipiency illustration 207–10
willingness to pay (WTP) for natural areas

illustration 217–20
linear algebra 13–14, 417–24
linear combinations of vectors

see also vector spaces
concepts 419–20, 422
definition 419–20

linear models
individual wages illustration 75–83
loglinear models 55–7, 64, 70, 78–83,

102–4
misspecifications 64–7, 188–91

linear probability model
see also binary choice models
concepts 201–2, 207–10
definition 201

linear regression models
see also regression. . .
alternative estimators 87–8
assumptions 16–21, 23–31, 32–3, 40–2,

61–2, 77–8, 85–8, 90–2, 104–11,
130–40, 174–6

binary choice models 200
CAPM 39–42, 49–50
comparisons 3–4, 53–84
concepts 3–4, 7–8, 13–51, 53–64,

180–1, 188–91, 357–77
elasticity measures 55–7, 79–83, 202,

227–8
exercises 47–51, 83–4, 127–8, 195–7
Gauss–Markov assumptions 7, 16–21,

23–31, 32–8, 40–2, 50–1, 61–2,
77–8, 85–8, 90–2, 99, 105–11,
130–40, 174–6

goodness-of-fit measures 7–8, 21–3,
28–31, 41–6, 47–51, 61–2, 64,
369–71, 376–7
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linear regression models (continued )
hypothesis testing 21, 23–32, 37–8, 40–2,

61–4, 91–3, 109–14, 122–7
ice cream illustration 105–6, 111–14, 127
individual wages examples 11–12, 20–2,

26, 29–30, 45–6, 54–5, 75–83,
137–44, 146–50, 375–7

interpretations 3–4, 53–7
labour demand illustration 100–4
Lagrange multiplier test 187–91
maximum likelihood estimator 180–1,

188–91
multicollinearity 9–10, 19–21, 43–6,

60–1, 80–3
panel data 357–77, 411–14
predictions 7, 45–7
risk premia in FX markets illustration

120–7
simple linear regression 10–13

linearly dependent/independent vectors,
definitions 419–20

Ljung–Box test statistic 299, 301–2,
310–11, 321–2

LM see Lagrange multiplier test
log-logistic hazard function, concepts 260
logit models

see also binary choice models
concepts 201–2, 204, 207–10, 213–16,

221–3, 355–6, 393–400
conditional logit model 221–3
definition 201
multinomial logit model 221–3
nested logit model 223
panel data 355–6, 393–400

loglikelihood function
see also maximum likelihood estimator;

score vectors
concepts 172–3, 176–9, 182–97, 205–10,

215–16, 219–20, 224–35, 237–8,
243–5, 260–4, 295, 315–19, 351–2,
394–400

definition 172–3
loglinear models

concepts 55–7, 64, 70, 78–83, 102–4
definition 55
individual wages illustration 78–83
labour demand illustration 102–4
linear models 64, 78–83, 102–4

lognormal distributions
concepts 56–7, 435
definition 435

long-horizon returns 132–3
long-run multiplier

concepts 325, 329–31
definition 325

long-run purchasing power parity illustration,
time series models 290–3, 323–4,
333–5, 345–7

LR see likelihood ratio
LSDV see least squares dummy variable

estimator
LSE see London School of Economics

MA see moving averages
McFadden 216, 222
macro-economic issues 1–5, 66, 355–6,

358–9
panel data 355–6, 358–9
structural breaks 66

manipulations
least squares manipulations 12–13, 420,

423–4
matrices 418–19

Manski’s maximum score estimator 212
marginal density, concepts 432
marginal distribution, concepts 428–30, 432
marginal propensity to consume 138–9
marginal utilities 158–9, 164–7, 235–7
marital status, individual wages panel data

illustration 375–7
market portfolio

concepts 39–42
definition 39

market risk see systematic risk
marketing applications, IIA 223
Marshallian demand functions 235–8
matrices

see also eigenvalues; eigenvectors
concepts 4, 8–9, 12–13, 30–1, 417–24
covariance matrices 16–27, 31, 35–6, 62,

85–7, 91–7, 106–9, 118–20, 132–3,
143–5, 153–4, 160–1, 177–8, 181,
184–95, 225–6, 372–3, 381–8, 405,
429, 432–4

definition 417–18
differentiation 12–13, 152, 422–3
Gauss–Markov assumptions 16–21
idempotent matrices 421
inverse matrices 10–11, 13, 43–4, 184–5,

420–2
least squares manipulations 12–13, 420,

423–4
manipulations 418–19
notation 12–13, 16–18, 152
properties 419–20

maximum eigenvalue test
concepts 343–7
definition 343–4

maximum likelihood estimator
ARCH 315–19
ARMA models 293, 294–5
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asymptotic properties 177–9
asymptotically efficient property 177
autocorrelation 191
cointegrating VAR 338–47
concepts 3–4, 171–97, 203–4, 214–17,

219–20, 223, 224–30, 233–49,
260–4, 293, 294–5, 315–19, 343–5,
351–2, 373, 394–400

conditional moments tests 194–5
consistency property 177
definition 171, 172, 173, 176–9
examples 172–6, 179, 187–8
exercises 195–7
general properties 176–9
GMM 172, 178, 192–5
heteroskedasticity 189–91, 210–12
information matrix 177–8, 190–1, 194
intuition 173–4
linear regression models 180–1, 188–91
misspecifications 3–4, 182–95, 210–12
NegBin models 226–30
normal distributions 177–97, 239–40
OLS 174–6, 180–1
omitted variables 188–9, 238–40
specification tests 181–95, 210–12,

230–40
testing 179, 181–91, 343–5
tobit models 233–49

maximum score estimator, concepts 212
mean

see also expected values
concepts 17–21, 38–42, 75–83, 426–7,

431–5
definition 426

mean reversion, definition 282
mean variance efficient portfolios

see also capital asset pricing model
concepts 39–42

measurement errors
concepts 133–40, 145–6
definition 135
instrumental variables estimators 145
regressors 133–40

median
concepts 251–2, 426–7
definition 426

method of moments, concepts 153–4
micro-economic issues 1–2, 3–4, 199–267,

355–6, 393–400
limited dependent variables 199–267
panel data 355–6, 393–400

missing at random observations, concepts
401–2

misspecifications
autocorrelation 109, 116–18, 188, 191
concepts 3–4, 57–60, 64–7, 109, 116–18,

178, 181–95, 210–12

functional-form misspecification 64–7,
116–18, 188–95, 210–12

heteroskedasticity 77–8, 88–104, 189–90
maximum likelihood estimator 3–4,

182–95, 210–12
omitted regressors 57–60, 137–8, 188–

91
ML estimator see maximum likelihood

estimator
mode, concepts 427
model test, F test 28–9
moment conditions

concepts 141–4
definition 141

money demand and inflation illustration,
multivariate time series models
347–52

Monte Carlo simulations
concepts 37–8, 186, 244–5, 287, 331–2,

379–80, 391
OPG critique 186
small samples 37–8, 186–7
test statistics 37–8, 287

moving averages (MA) 115–16, 126–7,
271–2, 296–302, 319–20, 335–8

AR models 276, 301–2
ARMA processes 275–322
autocorrelation 115–16, 126–7, 271–2,

296–302
definition 115–16, 275–8, 319–20
time series 271–322, 335–8
VMA 337–8

multicollinearity
concepts 7, 9–10, 13, 19–21, 43–6, 54–7,

60–1, 80–3
definition 43
exact multicollinearity 44–5, 80–1
examples 44–6, 80–3
predictions 45–6, 80–3
variance inflation factor (VIF) 43–6

multinomial logit model
see also logit models
concepts 221–3
definition 221–3
IIA 222–3
types 221–2

multinomial models, limited dependent
variables 220–3

multiple discrete outcomes, limited dependent
variables 199, 213–23

multiple endogenous regressors, instrumental
variables estimators 145–6, 151–4

multiple regression models
concepts 29–30, 43–6, 54–5, 60–1,

71–4, 145–6, 151–4
multicollinearity 7, 9–10, 13, 19–21,

43–6, 54–7, 60–1, 80–3
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multiplicative heteroskedasticity
concepts 96–7, 98–9
definition 96

multiplicative models 77–8, 96–7, 98–9
multiresponse models

credit ratings illustration 215–17
limited dependent variables 199, 213–23
willingness to pay (WTP) for natural areas

illustration 217–20
multivariate distributions, concepts 428–9
multivariate time series models

see also time series. . .
ARMA models 324
autoregressive models 295
cointegrated variables 323–4, 338–53
concepts 4, 295, 319–20, 323–54
definition 319–20, 323–4
dynamic models with stationary variables

323–7
exercises 353–4
hypothesis testing 324
long-run purchasing power parity

illustration 333–5, 345–7
money demand and inflation illustration

347–52
nonstationarity issues 323–37
testing 324, 327–31
VAR models 4, 324, 335–53

natural logarithms, concepts 55–7, 78,
109–10

‘near unit roots’, time series models 269,
271–5, 280–3

negative binomial model, count data models
224–30

NegBin models 226–30
see also binomial model

nested logit model
see also logit models
concepts 223

Newey–West standard errors see
heteroskedasticity-and-autocorrelation-
consistent standard
errors

news impact curve, concepts 314–15
NLS see National Longitudinal Survey
no-multi collinearity assumption, concepts

9–10, 19–21
noise-to-signal ratio, concepts 136–7
non-nested F test, concepts 63–4, 70, 84
non-nested models, regressors 62–4, 70, 84
nonlinear least squares estimations

see also ordinary. . .
ARMA models 293–4
concepts 65, 93, 293–4

nonlinear models

functional-form misspecifications
65–6, 93

GMM 129, 157–69, 171–2, 178, 192–5
overidentifying restrictions tests 161–7

nonspherical errors 85–128
nonstationarity issues

see also unit roots
multivariate time series models 323–37
panel data 389–93
time series models 269, 271–5, 280–93,

310–11, 320–2, 323–37, 389–93
normal distributions

asymptotic properties 35–6
concepts 4, 20–1, 23–4, 35–6, 56–7,

110–11, 174–6, 180–1, 187–91, 195,
239–40, 251–3, 283–5, 397–400,
431–5

definition 431
error terms 20–1, 23–4, 36, 110–11,

174–6, 180–1, 239–40, 283–5
Jarque–Bera test 195
kurtosis 194, 195, 239–40, 428
Lagrange multiplier test 187–91, 195
maximum likelihood estimator 177–97,

239–40
normal equations, concepts 9–10
normalization issues, limited dependent

variables 214–17, 393–400
notation, matrices 12–13, 16–18, 152
null hypothesis

see also hypothesis testing
concepts 24–32, 40–2, 48–9, 58–9,

63–4, 66–7, 91–3, 109–14, 122–7,
179, 182–91, 211–12, 239–40,
283–93, 312–13, 345–52, 373–7,
389–93, 405–6

general case 30–1, 63–4

odds ratio 202
oil prices 323
OLS see ordinary least squares
omitted variables

autocorrelation 116, 117–18, 137–40
concepts 57–8, 116, 117–18, 137–40,

188–90, 238–40, 358–9
definition 57
endogeneity 137–40, 210–2
Lagrange multiplier test 188–9, 238–40
probit models 210
tobit models 238–40

one linear restriction, hypothesis testing 26–7
one-sided tests, concepts 25–6
OPG see outer product gradient
optimal predictor

see also information sets
ARMA models 302–7
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optimal weighting matrix
concepts 381–8
definition 381

options pricing models, GARCH 316
ordered response models

count data models 223–4
limited dependent variables 213–14,

223–4
ordinary least squares (OLS)

see also least squares. . .
algebraic tools 8–13
ARMA models 293–4
asymptotic properties 32–8, 93, 98–9,

109–10, 131–40
autocorrelation 3–4, 16–17, 19–21, 40–2,

60–1, 77, 85–7, 104–28, 131–40
CAPM 39–42, 49–50
concepts 3–4, 7–51, 57–64, 68–70,

75–83, 85–128, 129–57, 174–6,
293–4, 310–22, 327–35, 356–77,
385–411, 420, 423–4

consequences 85–7, 105
consistency property 33–5
definition 8–9, 15
estimator properties 17–21, 129–40,

174–6
exercises 47–51, 127–8
Gauss–Markov assumptions 7, 16–21,

23–31, 32–8, 40–2, 50–1, 61–2,
77–8, 85–8, 90–2, 99, 105–11,
130–40, 174–6

GLS estimator 88, 91, 107–9, 113,
116–18, 365–6

heteroskedasticity 3–4, 17–19, 40–2,
60–1, 67, 77–9, 85–128, 131–40,
160, 285–7, 372–3

heteroskedasticity-and-autocorrelation-
consistent standard errors 118–20,
126–7, 133, 160, 285–7, 372–3

ice cream illustration 112–14, 127
individual wages examples 11–12, 20–2,

26, 29–30, 45–6, 54–5, 75–83,
137–44, 146–50

maximum likelihood estimator 174–6,
180–1

minimization problems 8–9
Monte Carlo simulations 37–8, 244–5,

331–2, 391
multicollinearity 9–10, 19–21, 43–6,

80–3
normal distributions 20–1, 23–4, 180–1,

283–5
panel data 356–77, 385–8
regressors 16–21, 23, 57–64
small sample properties 16–21, 32–3,

36–8, 130–40, 175

unbiased estimator 17–21, 26–7, 34–8,
83, 85, 87, 90–1, 108–9, 129–40,
175–6, 356–7, 401–6

orthogonal vectors
concepts 10, 13, 22–3, 58, 418–19, 422
definition 10, 418–19

Oslo Stock Exchange 263
outer product, vector concepts 418–19
outer product gradient (OPG)

see also Lagrange multiplier test
concepts 186–7, 190, 194–5
definition 186

overdispersion concepts 226–30
overfitting checks, model-building cycle 299
overidentifying restrictions tests

concepts 155–6, 161–7, 169, 387–8
definition 156
GMM 161–7, 169, 387–8
nonlinear models 161–7

overlapping samples, concepts 124–8, 132–3

p values, definition 32
PACF see partial autocorrelation function
panel data 4, 148, 161, 288, 346–7, 355–415

advantages 357–9
Anderson–Hsiao estimators 379–80,

387–8
Arellano–Bond GMM estimators 387–8
autocorrelation 372–7, 381–8
autoregressive panel data model 377–88
binary choice models 394–400, 414–15
capital structure illustration 383–8
cointegrated variables 4, 355, 389–93
concepts 4, 288, 346–7, 355–415
definition 355–7
dynamic models 356, 377–89, 410–11
examples 356, 357–8
exercises 411–15
first-difference estimator 362–4, 382–8,

407–11
fixed effects model 355, 357–88,

395–400, 402–6, 407–11
GDP 288
GLS 357, 364–77
GMM 355, 370–1, 377–88
goodness-of-fit measures 369–71, 376–7
Hausman–Taylor estimator 371, 412–13
incomplete panels 401–6
individual wages illustration 375–7
initial conditions problem 399–400
instrumental variables estimators 355,

370–1, 377–88, 409–11
lagged dependent variables 355, 377–88,

398–400, 410–11
limited dependent variables 355–6,

393–400
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panel data (continued )
logit models 355–6, 393–400
macro-economic issues 355–6, 358–9
micro-economic issues 355–6, 393–400
nonrandomly missing data 405–6
nonstationarity issues 389–93
OLS estimator 356–77, 385–8
parameters 357–67, 389–93
probit models 355–6, 393–400
pseudo panels 356, 406–11
random effects model 355, 357–9,

364–88, 396–400, 402–6
repeated cross-sections 356, 406–11
robust inference 372–3
selection bias 356–7, 378–9, 401–6
semi-parametric alternatives 400
static linear model 359–77
testing 373–7, 389–93, 403–6
time series models 355, 357–9, 389–93
tobit models 355–6, 393–400
unemployment 358, 398–400
unit roots 4, 288, 355, 389–93

panel-robust covariance matrix, concepts
372–3

parsimonious models 61–4, 271, 300
partial adjustment model, concepts 326–7
partial autocorrelation function (PACF),

concepts 298, 300–2, 322
past performance, returns 2
patents/R&D expenditures illustration, count

data models 228–30
Pearson distributions 211, 220
Phillips–Perron test 287
plims see probability limits
Poisson distribution 197, 224–30

count data models 224–30
drawbacks 224–5

Poisson regression model, concepts 197,
224–30

population distributions
concepts 14–15, 435
lognormal distributions 435

population relationships, concepts 14–15
portfolios of financial securities 39–42,

164–7
positive definite symmetric matrices,

eigenvalue concepts 422
positive semi-definite symmetric matrices,

eigenvalue concepts 422
power factors, hypothesis testing 31–2, 38
PPP see purchasing power parity. . .
Prais–Winsten estimator, concepts 108
predetermined variables, panel data 383
prediction error

ARMA models 305–7
concepts 46–7, 305–7
definition 46–305–6

prediction intervals, definition 47
predictions 2–5, 7, 45–7, 71–4, 269–322

see also forecasts; time series. . .
ARCH 315–19
ARMA models 4, 302–11
concepts 2–5, 45–7
individual wages illustrations 75–83
linear regression models 7, 45–7
multicollinearity 45–6, 80–3
predicting stock index returns illustration

71–4
stock index returns illustration 71–4
unbiased predictors 46, 83

premiums, risk 39, 120–7, 164–7
price–earnings ratios (PE) 71–4, 288–90,

300–2
pricing kernel see intertemporal marginal rate

of substitution
probability concepts 425–6
probability density function

concepts 174–97, 426–7
definition 426

probability distribution function
concepts 425–6
definition 425

probability limits (plims) 34–5
probability mass function

concepts 176–97, 398, 425–6
definition 425

probit models
see also binary choice models; tobit

models
concepts 201–2, 213–14, 219–20, 223,

241–2, 246–7, 264–7, 355–6,
393–400

definition 201
exercises 264–7
multinomial probit model 223
panel data 355–6, 393–400

production functions, panel data 26, 65, 102,
358–9

projection matrices, definition
13, 421

properties, matrices/vectors 419–20
proportional hazard models, concepts

259–60, 263–4
proportionality factor

concepts 39–42
definition 39

pseudo panels
see also panel data
concepts 356, 406–11

pseudo-maximum likelihood estimator see
quasi-maximum likelihood estimation

purchasing power parity (PPP) illustration,
time series models 290–3, 323–4,
333–5, 345–7
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pure expectations hypothesis
concepts 307–11
definition 307–8

quasi-maximum likelihood estimation
(QMLE) 172, 175, 178, 192–5,
225–30, 316–19

concepts 192–5, 316–19
definition 193–4

R&D
capital structure panel data illustration

385–8
patents/R&D expenditures count data

model illustration 228–30
R squared

see also goodness-of-fit measures
adjusted R squared 23, 61
between R squared 369–70
concepts 21–3
definitions 21–2, 23, 104
McFadden R squared 205–7
pseudo R squared 205–7
uncentered R squared 22
within R squared 369–70

Ramsey’s RESET tests 66, 68–70, 82–4
random effects panel data model

autocorrelation 373–7
concepts 355, 357–9, 364–88, 396–400,

402–6
definition 357, 364–6
heteroskedasticity 373–7

random sampling, concepts 14–15, 234–5,
240

random utility framework, multinomial
models 220–3

random variables
concepts 14–51, 164–5, 425–7
definition 425

random walk
concepts 71–4, 125–7, 280–2, 284–5,

311, 317–18, 330–1, 341–2, 348–9
definition 280–1, 284
with drift 284
log exchange rates 125–7

rank of a matrix, definition 420
rate of convergence, concepts 35–6
rational expectations, concepts 308–9
reduced form, simultaneous equations model

139–40, 157
regression lines, definition 10–11
regression models 3–4, 7–51, 53–88, 90–2,

99, 105–11, 130–40, 174–6, 215–17,
254–7, 293–4

see also least squares. . .; linear regression
models

alternative estimators 87–8
ARMA models 293–4
censored regression model 232
comparisons 3–4, 53–84
credit ratings illustration 215–17
exercises 47–51, 83–4, 127–8, 195–7
functional-form misspecifications 64–7,

116–18, 188–95, 210–12
Gauss–Markov assumptions 7, 16–21,

23–31, 32–8, 40–2, 50–1, 61–2,
77–8, 85–8, 90–2, 99, 105–11,
130–40, 174–6

house prices illustration 67–70
ice cream illustration 105–6, 111–14, 127
individual wages illustrations 11–12,

20–2, 26, 29–30, 45–6, 54–5, 75–83,
137–44, 146–50, 375–7

interpretations 3–4, 53–84
intertemporal asset pricing models

illustration 161, 164–7
labour demand illustration 100–4
multiple regression models, concepts 7,

9–10, 13, 19–21, 29–30, 43–6,
54–5, 60–1, 71–4, 145–6, 151–4

predicting stock index returns illustration
71–4

risk premia in FX markets illustration
120–7

stochastic regressors 129–69
regressors

see also explanatory variables
concepts 16–21, 23, 57–64, 129–69
data snooping/mining 58–9, 71–4
goodness-of-fit measures 23, 61–2, 64
measurement errors 133–40, 145
misspecification problems 57–60,

188–91
non-nested models 62–4, 70, 84
selection issues 57–64
stochastic regressors 129–69

regularity condition, concepts 130–1
relevant instrument 140–4, 149, 156–7
repeated cross sections, see pseudo panels
reservation wage, concepts 242–3
RESET tests 66, 68–70, 82–4
residual analysis, model-building cycle 299
residual sum of squares

concepts 9–10, 28–9
definition 9–10

residuals
concepts 9–10, 18–19, 77–8, 116–19,

126–7, 189, 204, 238–40, 256–7,
330–1, 348–52, 402–3

generalized residual 204, 256–7
sample variance 18–19
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returns
asset pricing 7, 38–42, 49–50, 161, 164–7
CAPM 7, 38–42, 49–50, 164
education issues 142–4, 146–50, 168
efficient market hypothesis 2–3, 130–3
excess returns 40–2, 71–4, 164–7
GARCH 316–17, 321–2
January effect 42
long-horizon returns 132–3
mean variance efficient portfolios 39–42
negative expected returns 124
past performance 2
predicting stock index returns illustration

71–4
risk 39–42, 71–4, 120–7, 164–7,

316–19, 321–2
risk-free returns 71–4, 120–7, 165–7
small-firm effects 165–6
time series models 316–17, 321–2

reverse causality, concepts 138–40
right-censored data, duration models 260–4
risk

asset pricing 7, 38–42, 49–50, 161, 164–7
aversion 159
beta coefficients 39, 41–2, 50
concepts 38–42, 120–7, 159, 164–7,

308–11
diversified risk 39–42
returns 39–42, 71–4, 120–7, 164–7,

316–19, 321–2
systematic risk 39–42
types 39, 42
variance 38–42

risk premia
concepts 39, 120–7, 164–7, 308–11,

348–52
definition 121–2
expectations hypothesis 308–11
FX markets autocorrelation illustration

120–7
negative values 124
overlapping samples 124–8
term structure of interest rates 308–11
tests in the 1 month market 121–4

risk-free returns 71–4, 120–7, 165–7
robust inference, panel data 372–3
row rank of a matrix, definition 420

S&P 71–4, 215–17, 288–9, 300–1, 321–2
sample selection model

see also tobit II model
concepts 237–8, 240–5, 252–3

samples
bias 83, 249–53, 261–4
concepts 14–51, 124–7, 199, 234–5,

237–8, 240–53

duration models 260–4
limited dependent variables 199, 237–8,

240–53, 260–4
linear regression models 7–8, 15–21
maximum likelihood estimator 171–97
overlapping samples 124–8, 132–3
selection problems 199, 237–8, 240–53,

260–4
small samples 16–21, 32–3, 36–8,

130–40, 175, 186–7
treatment effects 199, 253–7

Sargan tests see overidentifying restrictions
tests

SBC see Schwarz Bayesian Information
Criterion

SC see Schwarz Bayesian Information
Criterion

schooling see education issues
Schwarz Bayesian Information Criterion

(BIC/SBC/SC) 61–2, 64, 72–4, 84,
299–302, 337–8

score test see Lagrange multiplier test
score vectors

see also loglikelihood function
concepts 176–7

seasonal fluctuations, ice cream illustration
105–6, 111–14

seasonal unit roots 288
second central moment see variance
selection issues

bias 83, 249–53, 261–4, 356, 378–9,
401–6

limited dependent variables 199, 240–53
nature of the problem 250–2
panel data 356–7, 378–9, 401–6
sample selection problems 199, 240–53,

260–4
selection upon observables 253–7, 405–6
selection upon unobservables 253–7,

405–6
treatment effects 253–7

self-selection of economic agents 249–50
semi-elasticity measures

see also elasticity. . .
concepts 56–7, 202, 227–8
definition 56

semi-parametric estimations
concepts 212, 252–3, 400
sample selection model 252–3

serial correlation
see also autocorrelation
definition 104–5

shocks
news impact curves 314–15
panel data 404
unit roots 282
volatility clustering 311, 313–15
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significance levels
definition 24
hypothesis testing 24–32, 37–8, 91–3,

283–5
simple linear regression

see also linear regression models
concepts 10–13

simultaneity
see also endogeneity
concepts 133, 138–40
reverse causality 138–40

simultaneous equations model
see also instrumental variables estimators
concepts 138–46, 154–6
reduced form 139–40, 157

single index assumptions, concepts 251–3
singular matrices

concepts 420, 422
definition 420

size factors, hypothesis testing 31–2, 37–8
skewness

concepts 194, 211–12, 239–40, 283–4,
428

definition 428
small sample properties 16–21, 32–3, 36–8,

130–40, 175, 186–7
small-firm effects, concepts 165–6
software packages 5, 166, 219, 225, 290–1,

317, 398
specification tests 155–7, 172, 178, 181–95,

210–12, 238–40
binary choice models 210–12
concepts 3–4, 155–7, 172, 181–95,

210–12, 238–40
GIVE 155–6
maximum likelihood estimator 181–91,

210–12, 230–40
tobit models 238–40

spurious regressions
concepts 323–4, 327–8, 358–9
definition 323

square matrices, definition 418
standard deviation

see also standard error
concepts 19–21, 75–83, 316–19, 428
definition 428

standard error
cluster-robust standard errors 372–3
concepts 19–21, 26–31, 46, 68–70,

75–83, 93–104, 105–28, 148–50,
166, 225–30, 285–7, 327–8, 362–4

definition 19
Hansen-White standard errors 119
heteroskedasticity 93–104, 105, 118–20,

126–7, 131–40, 160, 285–7, 372–3

heteroskedasticity-and-autocorrelation-
consistent standard errors 118–20,
126–7, 133, 160, 285–7, 372–3

heteroskedasticity-consistent standard
errors 94, 103–4, 118–20

Newey-West standard errors 118–9
panel-robust standard errors 372–3
‘sandwich’ formula 193–4
White standard errors 93–4

Standard and Poor’s (S&P) 71–4, 215–17,
288–9, 300–1, 321–2

standard tobit model (tobit I model)
see also tobit models
concepts 231–40, 246
critique 240
definition 231–2

state dependence, concepts 399–400
static linear model, panel data 359–77
stationary process

first-order autocorrelation 106–8, 117–19,
271–82

long-run purchasing power parity
illustration 290–3, 333–5

shocks 282
time series models 269, 271–5, 280–93,

323–37
stationary variables, multivariate time series

models 323–7
statistical models

concepts 2–5, 13–51
definition 14
economic theory 1–5, 14–15, 323–4
goodness-of-fit measures 22–3, 299–300

statistical/distribution theory, concepts 4,
425–35

stochastic discount factor see intertemporal
marginal rate of substitution

stochastic processes
nonstationarity issues 269, 271–5,

280–93, 323–37
univariate time series models 269–322,

348–9
stochastic regressors, concepts 129–69
stock market crashes 131, 311

see also returns
stock sampling, duration models 260–4
strictly exogenous variables

concepts 360–1, 382–8
definition 361

strictly stationary stochastic processes,
concept 272–5

structural breaks
see also Chow tests
concepts 66–7, 82–3
definition 66
functional-form misspecifications 66–7

student t distributions see t distributions
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super consistent OLS estimator, concepts
328–9

SUR 337
survival analysis

definition 258
duration 199, 257–67

switching regression models, concepts 254–7
symmetric distributions, concepts 427–8,

431–5
symmetric matrices

concepts 9–10, 151–2, 194, 418, 421–2,
429

definition 418
systematic risk, concepts 39–42

t distributions, concepts 24–32, 131–40, 144,
179, 182–8, 283–5, 327–8, 394–5,
434–5

t ratios
concepts 25–32, 41–6, 50–1, 62, 68–70,

72–83, 103–4, 112–14, 122–7,
131–40, 144, 148–50, 179, 182–8,
283–5, 327–8, 394–5

definition 25
taxes, capital structure panel data illustration

383–8
‘ten commandments of applied econometrics’

60
term structure of interest rates illustration,

time series models270 307–11
test statistics

concepts 24–32, 36–8, 79–83
definition 24
Monte Carlo simulations 37–8, 287

testing
see also hypothesis. . .
ARCH 312–13
autocorrelation 109–14, 122–7
CAPM 40–2
cointegrated variables 342–7, 389–93
concepts 3–4, 7–8, 21, 23–32, 40–2,

61–2, 97–104, 122–7, 179, 181–91
endogeneity 143–5
first-order autocorrelation 109–14
functional-form misspecifications 66–7,

188–95, 210–12
heteroskedasticity 12–17, 97–104
maximum likelihood estimator 179,

181–91, 343–5
multivariate time series models 324,

327–31
panel data 373–7, 389–93, 403–6
specification tests 155–7, 172, 178,

181–95
time series models 283–93, 312–13, 324,

327–32, 342–7

unit roots 283–93, 389–93
time series models 2, 3–4, 14–15, 46–7,

59–60, 67, 105–28, 269–322,
323–54

see also ARMA. . .; multivariate. . .;
univariate. . .

ACF 273–4, 295–305, 310–11, 322
annual price–earnings ratio illustration

288–90, 300–2
ARCH 131, 270, 311–22
autocorrelation 105–28, 271–5,

295–302
choice of model 295–302
cointegrated variables 323–4, 328–35
concepts 2, 3–4, 105–28, 269–322,

323–54
criteria for model selection 299–300
definitions 2, 269–70, 319–20, 323–4
diagnostic checking 299
error-correction mechanism 3–4, 324,

325–7, 332–5, 351–2
examples 270–2
exercises 320–2, 353–4
expectations theory of the term structure of

interest rates illustration 307–11
interest rates illustrations 2, 270, 282,

307–11, 347–52
long-run purchasing power parity

illustration 290–3, 323–4, 333–5,
345–7

money demand and inflation illustration
347–52

nonstationarity issues 269, 271–5, 280–93,
310–11, 320–2, 323–37, 389–93

PACF 298, 300–2, 322
panel data 355, 357–9, 389–93
price–earnings ratio illustration 288–90,

300–2
returns 316–17, 321–2
stationarity issues 269, 271–5, 280–93,

323–35
term structure of interest rates illustration

270, 307–11
testing 283–93, 312–13, 324, 327–32,

342–7
unemployment 269–71
unit roots 278–93, 300–1, 310–11,

320–35, 355, 389–93
VAR models 4, 295, 324, 335–53
volatility in daily exchange rates

illustration 317–19
white noise process 270–2, 275–83,

293–5, 301–2, 319–20, 323–7
tobacco, alcohol/tobacco expenditures tobit

model illustrations 235–8, 245–9,
265–6

Tobin’s Q 263–4
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tobit II model
concepts 237–8, 240–5, 252–3
definition 240–3
estimation 243–5
two-step estimator 243–5

tobit III model, concepts 245
tobit models

see also probit models
alcohol/tobacco expenditures illustrations

235–8, 245–9
concepts 199, 207–10, 230–49, 252–3,

264–7, 355–6, 393–400
definitions 199, 230–2
Engel curves 235–8, 245–9
estimation 233–5, 243–5
exercises 264–7
extensions 237–8, 240–9
heteroskedasticity 238–40, 244–5
maximum likelihood estimator 233–49
omitted variables 238–40
panel data 355–6, 393–400
specification tests 238–40
standard model (tobit I model) 231–40,

246
truncated regression model 234
uses 199, 230–1

tolerance, multicollinearity 43–6
trace test, definition 343
transpose of a vector, definition 417–18
treatment effects

average treatment effect 253–7
limited dependent variables 199, 253–7

trend stationary process, definition 284–5
truncated regression model, concepts 234
truncation concepts, normal distributions 4,

433
two-sided tests, concepts 24–6
two-stage least squares see generalized

instrumental variables estimator
two-step estimator, tobit II model 243–5
type I extreme value distribution see Weibull

distribution
type I/II errors, concepts 31–2, 58–9

UIP see uncovered interest rate parity
unbiased estimators 17–21, 26–7, 34–8, 83,

85, 87, 90–1, 108–9, 129–40, 175–6,
356–7, 378–9, 401–6

unbiased predictors, definition 46
uncentered R squared 22
uncovered interest rate parity (UIP),

definition 120–1
underlying latent model, limited dependent

variables 202–3
unemployment

benefits impacts on recipiency illustration
207–10

duration models 257–64
panel data 358, 398–400
time series models 269–71

unexpected returns, CAPM 39–42
unit roots

see also nonstationarity issues; time series
ADF tests 286–93, 330–1, 333–5, 348–9,

391–3
annual price–earnings ratio illustration

288–90, 300–1
concepts 3–4, 278–93, 300–1, 310–11,

320–35, 355, 389–93
definition 278–9
DF tests 283–93, 310–11, 322, 330–1,

333–5, 339–41, 343–4, 348–9,
391–3

exercises 320–2
KPSS test 285, 390–1
long-run purchasing power parity

illustration 290–3, 333–5, 345–7
panel data 4, 288, 355, 389–93
shocks 282
term structure of interest rates 310–11
testing 283–93, 389–93

univariate dichotomous models see binary
choice models

univariate time series models
see also time series. . .
concepts 3–4, 269–322, 348–9
exercises 320–2

unknown ρ values, autocorrelation 108–9
unobserved heterogeneity, concepts 399–400
unordered response models, limited

dependent variables 213–14, 223–4
US$/DM exchange rates, volatility in daily

exchange rates ARCH illustration
317–19

US$/EUR exchange rates, risk premia in FX
markets illustration 121–7

US$/GBP exchange rates, risk premia in FX
markets illustration 121–7

utility maximization 235–8, 242–3

valuations, financial instruments 115–16
VAR models see vector autoregressive

models
variance

see also covariance; heteroskedasticity
ARCH 131, 270, 311–22
concepts 4, 16–21, 39–42, 91–3, 174–9,

305–7, 312–22, 427–8, 431–5
definition 427
mean variance efficient portfolios 39–42
prediction error 46–7, 305–7
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variance inflation factor (VIF)
see also multicollinearity
concepts 43–6

VARMA see vectorial ARMA
VECM see vector error-correction model
vector autoregressive models (VAR models)

cointegrated variables 338–53
concepts 4, 295, 324, 335–53
definition 335–6

vector error-correction model (VECM)
concepts 340–1, 351–2
definition 340

vector moving average (VMA), concepts
337–8

vector spaces
see also linear combinations of vectors
definition 420

vectorial ARMA (VARMA), concepts
336–8

vectors
concepts 4, 8–9, 15, 30–1, 295, 324,

335–53, 417–24
definition 417–18
differentiation 12–13, 152, 422–3
estimators 15
linear combinations 419–20
properties 419–20

VIF see variance inflation factor
VMA see vector moving average
volatility clustering, concepts 311–22

wages
see also income
individual wages examples 11–12, 20–2,

26, 29–30, 45–6, 54–5, 75–83,
137–44, 146–50, 168, 375–7,
407–11

labour demand illustration 100–4
reservation wage 242–3

Wald test
see also Chi-squared distributions
concepts 31, 62, 66–7, 71–4, 92, 131–40,

181–8, 228–30, 237–8
definition 31, 182–3
maximum likelihood estimator 181–8

weak form, efficient market hypothesis 130–3
weak instruments

GMM 163
instrumental variables estimators 156–7,

163
weak stationarity, concepts 272–5
Weibull distribution 221, 260, 263–4
weighted least squares

see also generalized least squares
concepts 90–7, 153
definition 90

‘what if’ questions 2, 323
white noise process

see also time series models
concepts 270–2, 275–83, 293–5, 301–2,

319–20, 323–7
definition 270–1

White standard errors see
heteroskedasticity-consistent standard
errors

White test
see also Breusch–Pagan test
heteroskedasticity 99–100, 127–8, 133–4

willingness to pay (WTP) for natural areas
illustration, limited dependent
variables 217–20

within estimator see fixed effects estimator
within transformation, definition 360
WTP see willingness to pay. . .

yield curves 307–11
Yule–Walker equations 297


