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block diagonal matrix, 823-824
Boot-de Witt data, 348
bootstrapping
computation, 920, 924-925
discrete choice models, 702-703
inference, 113
lagged variables, 579, 595, 600
box and whisker plot, 879-882
Box-Cox regression model, 498,
500-501
Box-Cox transformation, 171,
173-175, 179
Box-Jenkins methods, 619-621, 649
Box-Ljung statistic, 274, 276,
623-624
Box-Pierce statistic, 271, 274, 276,
622-624
Box-Pierce test, 269-270
Breusch-Godfrey test, 269-270
Breusch-Pagan LM test,
223-225,769
Broyden-Fletcher-Goldfarb-
Shanno (BFGS)
method, 939
Broyden’s method, 939
Bureau of Economic Analysis
(BEA), 282
Butler and Moffitt method,
692-694, 700, 715

C

calculus, matrix algebra, 837-845
CAN estimators, 460, 473, 917
CAN functions, 480n3

canonical correlation, 657, 659
capital asset pricing model
(CAPM), 240, 339, 351-357
Cauchy-Schwartz inequality, 92, 904
causality, 381-382, 590, 593
CDF. See cumulative distribution
function (CDF)
censored data
estimation, 766-768
normal distribution, 762-764
specification, 768-773
tobit model, 764-766
censored regression (tobit) model,
764-766
censored variables, 762-763
censoring
applications, 774-780
dependent variables, 761
heteroscedasticity and, 768
model for counts, 773-774
central limit theorem. See also
Lindberg-Feller central limit
theorem; Lindberg-Levy
central limit theorem;
Lyapounov central limit
theorem
chi-square and, 108
consistent estimation, 527
convergence to normality,
262-265
dependent observations and, 260
depicted, 911
GMM estimation, 542
Gordin’s central limit
theorem, 265
large sample distribution theory,
908-913
limiting normal distribution, 532
martingale difference, 263, 273,
463, 542
moment condition tests, 506-507
random variables, 859
central moments, 529, 848
CES (constant elasticity of
substitution), 129, 162
ceteris paribus analysis, 28
characteristic equation, 574,
614, 825
characteristic roots, 825-827,
830-831
characteristics, 720
characteristic vectors, 825-827, 830
Chebychev’s inequality, 848,
898, 903
Chebychev theorem, 463,
900-901, 912
chi-squared distribution
degrees of freedom and
restrictions, 110, 678

distribution theory, 851-853
Lagrange multiplier statistic,
177, 489
Lagrange multiplier test, 224
noncentral chi-squared
distribution, 487n8
normal disturbances and,
104-105
statistical tables, 955
Wald criterion, 96, 302
chi-squared statistic
degrees of freedom, 155
Hausman test and, 699
testing restrictions, 172
choice based sampling, 673, 730
choice models, 719-735
Cholesky decomposition, 922n4
Cholesky factor, 445446, 832, 932
Chow test, 130n8, 132-133,
135-136, 139, 681
Civil Aeronautics Board, 118
classical regression
Bayesian analysis, 430-434
estimator case, 204
gross correlation and, 617
heteroscedasticity and, 314, 323
homoscedastic disturbance
and, 215
marginal effects, 560
nonstochastic regressors and,
590-591
normal linear model, 872-873
ordinary least squares and, 341
panel data, 289
posterior odds for, 438-439
weighted least squares, 240
closed-form solution, 934
CMLE (conditional maximum
likelihood estimator), 699
Cobb-Douglas model
LAD estimation, 449450
log linear model, 12
Nerlove’s study and, 125-126
nonnormal disturbances, 502
production function example,
102-104, 498-499
systems of equations, 363-365
translog cost function, 366-367
Cochrane-Orcutt estimator,
273-275, 318, 360n20
coefficient of determination ( R?).
See also adjusted R-squared
analysis of variance, 34, 867
classical regression, 686
comparing models, 37-38
constant term and, 36-37
depicted, 33
hypothesis testing, 678
Lagrange multiplier as, 680, 940



multiple regression, 35
nonlinear setting and, 943
significance of regression, 54-55
theorem, 34
coefficients
changes in subsets, 132-133
as elasticities, 123
individual regression, 27
linear restrictions on, 122
significant effects, 739n65
testing hypotheses about,
50-52, 676
cofactor, 817, 840
cointegrating rank, 652, 659
cointegrating vectors, 650,
652-653, 659
cointegration
common trends, 653-654
German money demand, 657-660
long memory models, 647
testing for, 655-657
VAR representations, 654-655
cointegration relationship, 658
collinearity, 154, 470
column rank, 814-815
column space, 814-815
column vector, 803, 816n3
common factor, 583-586
common factor model, 278-279
common trend, 653-654
compactness, 461
completeness condition, 384
complete systems, 379
comprehensive model, 153
computation, optimization and,
919-946
concavity, 461-462, 840
concentrated log-likelihood, 349,
495, 498, 940-941, 945-946
conditional density, 427, 530n1
conditional distribution, 864-867
conditional likelihood function,
482-483, 698-699
conditional logit model, 720,
723-724,729-735
conditional maximum likelihood
estimator (CMLE), 699
conditional mean, 14-15, 457, 676,
713, 864
conditional moments
relationships, 865-867
tests, 505-508, 743, 771
conditioning, bivariate distribution,
864-867
condition number, 56-58, 829
confidence interval
confidence interval test, 491
impulse response function, 595
latent class model example, 442

for linear combination of
coefficients, 53-54
nonlinear consumption
functions, 172
normal distribution and, 55
normal mean, 891-892
for parameters, 52-53
Phillips curve example, 570
prediction interval and, 111
tests based on, 895-896
confidence level, 891
conformable for addition, 804
conformable for multiplication, 805
congruential generators, 921
conjugate prior, 435
consistency
asymptotic efficiency of
estimators and, 71
asymptotic normality, 72
criterion function and, 462
GMM estimator and, 204
least squares estimator,
66-67, 679
as LS property, 518
maximum likelihood estimator
and, 690
mean of functions, 900
M estimators theorem, 464
MLE property, 473, 477478
nonlinear least squares estimator,
167-169
nonlinear restrictions and, 109
of OLS in generalized regression
model, 194
regression estimation, 621
of sample mean, 899
of s-squared, 69
as statistical property, 460
stochastic regressors, 74
superconsistent, 572
consistent estimator. See also White
estimator
distribution theory, 899
estimation frameworks, 463
GMM, 526-533
least squares, 70
simultaneous-equations models,
397-398, 405
consistent test, 894-895
constant elasticity, 11-12
constant elasticity of substitution
(CES), 129, 162
constant returns hypothesis,
103-104, 126
constants
coefficient of determination
and, 36-37
dummy variables as, 482
gasoline consumption study, 132
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observations with, 272
prediction and, 111
random cffects model and, 694
regression and, 15, 28, 40
constant variance.
See homoscedasticity
constrained optimization,
842-843
constraints, 941-942
consumption
application data set, 946-947
cointegration in, 650-652, 656
economic analysis and, 624
as economic variable, 631
error correction and, 580
macroeconomic model, 380
as macroeconomic variable, 649
permanent income model of
consumption, 8, 525, 548
rational lag model example, 575
relationship to income, 3, 8-9
consumption function
binary variables and, 117-118
Cox test for, 157
example, 33
Hausman test for, 83
J test for, 155
Keynes’, 1-2, 8-9, 587
least squares and, 75
macroeconomic models,
380-381
nonlinear, 171-173
nonlinear instrumental variables
estimator, 183
contagion property, 859
continuous variables, 845-846,
857-858
contrasts, 291
convergence
assessing, 943
in distribution, 906-908
of empirical moments, 541
forms of, 900-903
of functions, 903-904
in lower powers, 902
in mean, 902, 905
of moments, 203, 260-262, 905
to normality, 262-265
in probability, 897, 903
in quadratic mean, 897
to random variables, 904-905
convex, 840
correlation, 56, 712, 861-862, 879.
See also autocorrelation;
serial correlation
correlation matrix, 879
correlogram, 621
cosine kernel, 455
cosine law, 819
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cost function -
airline production example, 286
data sets, 948-950
example of flexible, 174
functional form, 126
groupwise heteroscedasticity,
236-237
nonparametric example, 458-459
translog cost function, 366-369
count data
censoring and truncation,
773-774
defined, 663
discrete choice models,
740-752
covariance
of disturbances, 15-16
estimation and inference, 879
identification through
restrictions, 394-395
joint distribution, 861-862
theorem, 865
covariance matrix
estimation, 940
estimation and inference, 879
inference and prediction, 100
least squares estimator, 48,
217-219
for ordinary least squares,
219-221
probability theory, 869
- covariance stationarity, 612
covariance stationary, 254, 612
covariance structures, 286, 314,
320-334
covariates, 7
Cox statistic, 156-157
Cox test, 155-159, 682-683. See also
sum of squared residuals
CP1
Dickey-Fuller test, 638
inflation studies, 600-602
investment equation, 21
restricted investment
equation, 98
Cramér-Rao lower bound, 429, 473,
479-480, 493, 889-890
Cramer-Wold device, 908
criterion function
asymptotic property, 461-462
for estimation, 704
GMM estimations, 537
critical region, 892
, cross-sectional data
covariance structures for,
320-334
estimation, 878
heteroscedasticity, 215, 238
limitations of, 284

production functions, 284
time effects and, 283
cumulated effect, 561
cumulated multipliers, 416
cumulative distribution
function (CDF)
computing integrals, 926-927
discrete choice models,
692-693, 710
hazard function, 792
limiting distribution, 906
probability theory, 846, 857
sampling distributions, 882
truncated normal
distribution, 757
CUSUM test, 135-139
cyclical variation, 624

D

data
behavior of, 463
data problems, 56-61
default data, 952
deseasonalizing, 118
duration data, 790-792
economic analysis and, 624
education data, 953
frequency data, 723
individual data, 686
linear transformations
exercise, 39
and methodology, 4-5
ordered data, 736-740
well behaved data, 478, 483
data generating process (DGP)
assumptions, 17, 65-66
computation and optimization,
920-923
estimation and inference, 880
generalized method of
moments, 533
linear regression model and,
10-18
nonlinear model, 163-164
nonstationary processes, 635
probability density function, 468
random variables, 845
regression model and, 72
data series, 131-132, 262
data sets, 283, 946-953
Davidon-Fletcher-Powell (DFP)
method, 938-939, 942, 945
Deaton statistic, 156
decomposition
singular value
decomposition, 833
symmetric matrix, 835
of variance, 48, 625, 628, 866

definite matrices, matrix algebra,
834-837
degree of inconsistency, 87
degree of truncation, 759
degrees of freedom
adjusted RZ, 35
chi-squared distribution, 678
chi-squared statistic and, 155
distributions with, 853-854
least squares and, 566
maximum likelihood estimators
and, 493n12
number of restrictions and, 110
partial correlation coefficient, 35
restrictions and, 489, 593
sample periodogram and, 627
testing hypotheses, 106
delta method
ARDL model and, 573
asymptotic distribution of
function, 70
CES production function, 129
impulse response function, 595
large sample distribution theory,
913-914
marginal effects and, 674
Phillips curve example, 569
standard error and, 128, 172-173,
175,776
stochastic frontier model, 504
theorem, 527
two-step estimation, 188
demand
elasticities of demand, 12, 52-53
for gasoline, 570-571
macroeconomic model
example, 380
for money, 657-660
demand equations
common structures, 339-340
deterministic relationships, 7
example, 378
inverse demand equations, 7-8
multivariate regression
model, 362
stability of, 658
testing model instability, 660
demand system, 364
DeMoirve’s theorem, 625
density
hazard function, 792
negative binomial model, 745
parametric estimation, 427
probability density function, 468
properties of, 474-475
of truncated random
variable, 757
dependent observations, 73-74,
260, 541



dependent variables. See also
independent variables
binary choice model, 665
censoring, 761-762
computing considerations, 37
defined, 837
discrete choice models, 663-664
jointly dependent variables, 379
lagged response, 571
least squares estimator and, 42
linear regression models, 7-9
maximum likelihood
estimator, 686
measurement error, 84
Phillips curve example, 569
prediction and, 111n8
price and quantity as, 8nl
regression model and, 33
transformation of, 174
uncommon usage, 673
variations as deviations from
mean, 31
depreciation, 84
derivatives
computing, 933
of empirical moments, 541
maximum likelihood
estimation, 840
probit and logit models, 675
Slutsky theorem, 668
deseasonalizing data, 118
determinant, 816-817, 823, 830, 840
deterministic relationship, 2, 7-8
detrending, 635-636
deviance, 742
deviations
correlation of, 15
of costs, 125
from means, 824
from production function, 502
variation in dependent
variable, 31
DGP. See data generating process
(DGP)
diagonal matrix, 803, 816, 823, 827
Dickey-Fuller test, 602, 637-646,
655-656
difference operators, 562-564
differencing
integrated processes, 631-632
long memory models, 647
manipulating series via, 649
and white noise, 635
differentiation, Taylor series,
837-840
digamma function, 928
dimensions, 803
discrepancy vector, 96, 101, 108
discrete, 845 e

discrete choice models. See also
binary choice models
count data models, 740-752
features, 663-664
logit models, 719-735
ordered data, 736-740
discrete Fourier transform, 630
discrete population, 922
discrete random variables, 845,
855-856
discriminant analysis, 685n19
disposable income, 575
distributed lag

autoregressive distributed lag
models, 571-579

form, 563, 573

marginal propensity to
consume, 109

models with lagged variables,
565-571

distribution. See also gamma

distribution
contagion property, 859
degrees of freedom, 853-854
of function of random variable,
856-858
heterogeneity in, 72
idempotent quadratic forms, 874
for logit model, 667
parameters of, 527-531
of standardized normal
vector, 876

distribution theory

central limit theory and, 262
large sample, 896-919
probability and, 845-877

distributive law, 806
disturbance

ARDL models, 582

assumption, 73

asymmetrically distributed, 71

autoregression and, 609

bootstrapped, 579

GMM estimation, 545

heteroscedasticity and, 191, 222

independent variables and, 10, 14

as innovations, 610

maximum likelihood
estimation, 679

nonnormal disturbances, 501-505

normal distribution and, 17, 518

population regression and, 19

serial correlation, 256-259

stable relationships and, 8

as stationary, 611

SUR model linkages with, 342

and testing, 104-108

variances and covarjances,
15-16
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as white noise, 643
zero mean of, 163
disturbance variance, 133
dominant root, 417
dot product, 805
double-length regression, 243
downhill simplex, 935
duality (theory of), 125
dummy variables
computing marginal effects, 668
as constants, 482
criterion function and, 462n27
in earnings equation, 116-117
elasticities and, 123
fixed effects models and, 695
LSDV and, 289
probability model example, 676
in production of airline services
study, 118-120
specification issues, 768
treatment effect, 788
dummy variable trap, 118
duration dependence, 794
duration model, 756, 790-798
Durbin’s test, 271
Durbin-Watson statistic, 275-276,
582-583, 958
Durbin-Watson test, 126n6,270-271
dynamic equation, 573-576
dynamic models
binary choice models, 708-710
lagged effects in, 560-562
methodological issues, 579-586
properties of, 415-420
simultaneous-equation
models, 380
dynamic multipliers, 415417, 420
dynamic panel data model, 75,
307-314, 551-555
dynamic regression, 75
dynamic regression models, 558-564

E

earnings equation, 55, 116-117.
See also income
econometric model, 1-4, 125,
379-380, 482483, 544-547
econometrics. See also capital asset
pricing model (CAPM)
Almon lag, 566
computation in, 925-933
data analysis and, 284
defined, 1
GMM estimation in, 447-448
growth in field, 4-5
identification in, 621
model concept, 160
QR models, 689
strong stationarity, 612n5



1008 Subject Index

economics
ceteris paribus analysis, 28
data analysis and observation
frequency, 624
econometrics and, 1
economic variables, 619n11, 631
economies of scale, 125-126,
284, 499
education

descriptive statistics example, 880

as human capital variable, 54
labor force participation
model, 681
lack of measurement for, 84
observable indicators and, 87
partial correlation coefficient,
28-29
regression approach, 665
relationship to income, 9-10
study with labor, 87-90
threshold effects, 120
treatment effects, 788
efficiency
asymptotic efficiency, 70-71,
460-461
of FGLS estimator, 210, 273
of GLS estimator, 217
in production of airline services
study, 118-120
as statistical property, 41
efficient, 71, 79, 886
efficient estimator
covariance of, 301
generalized regression model,
210
least squares as, 572
maximum likelihood estimation,
470-472, 526
serial correlation, 271-273
simultaneous-equation
models, 414
efficient scale, 92
efficient score test, 489
efficient two-step estimator, 244
efficient unbiased estimator, 886,
888-890)
eigenvalue, 659, 827
elasticity

of substitution, 12
translog cost function, 368
travel mode choice example, 733
U.S. manufacturing example, 369
EM algorithm, 774
empirical moment equation, 202,
534,541
encompassing principle, 153
endogeneity, 379, 381-382
endogenous variables
distinction, 381
dynamic models, 416
nonlinear model example, 404
VARs and, 587
Epanechnikov kernel, 455
equality
null hypothesis, 289
of row and column rank, 815
equations. See also systems of
equations
adjustment equation, 568
characteristic equation, 574
complete systems of, 379
stability of dynamic equation,
573-576
equilibrium
adjustment to, 418420
dynamic models and, 560
and substitution, 594
equilibrium condition, 378, 380, 390
equilibrium error, 579, 652, 654
equilibrium multiplier, 416-417, 562
equilibrium relationship, 579, 655
ergodic, 74, 262, 621
ergodicity, 261262, 559, 621
Ergodic theorem, 260-262, 273,
541, 621
Erlang distribution, 854
error correction, 579-581, 650
error correction model, 654655,
659-660
error function, 926
estimable parameters, 469
estimation. See also methods of
estimation; parametric
estimation
of ARDL model, 572-573
based on orthogonality

coefficients as, 123

cointegrating vector example, 653

constant elasticity, 11-12

of demand, 12, 52-53

estimates, 7

lagged variables and, 570

money demand example, 658

MPC and, 109

partial adjustment model
and, 568

of probabilities, 723

conditions, 534-536
in binary choice models, 670-689
censored data, 766-768
change points and historic
events, 142n19
cointegration relationships, 658
ergodicity and, 261
exercise, 39-40
in finite sample, 885-888
GLS, 207-211, 370-371
hypothesis testing and, 95

inference and, 877-896

with informative prior density,
435-437

instrumental variable
approach, 308

investment equation, 21-24

least squares, 42, 48-49, 266-267

linear regression models and, 93

minimum distance
estimators, 205

of models with autocorrelation,
274-276

nonparametric estimation,
453-459

parameters for univariate time
series, 621-624

parameters of distributions,
527-531

properties, 460-465

qualitative choices and, 664

in selection model, 784-787

semiparametric estimation,
447-453

serial correlation, 273-277

standard error of, 49, 128

of SUR models, 350-351

with unknown parameters,
227-232

VAR, 588-589, 597-600

estimation criterion, 427
estimation methods. See methods

of estimation

estimators

alternative estimators, 180-189

asymptotic covariance matrix, 69

of asymptotic covariance
matrix, 198

asymptotic efficiency and, 71

asymptotic properties of, 464465

least squares, 41-42

minimum distance estimator,
205-206, 538-539

statistical properties of, 460

statistics as, 882-885

truncation and windowing,
627-628

within- and between-groups,
289-290

Euler equation, 526-527

Euler’s theorem, 284n4

E-Views (computer program),

244n31, 377

exactly identified, 129, 536, 548

exactly identified model, 411

exchange rates

data, 949

economic analysis and, 624

long memory models, 647

as macroeconomic variable, 649



purchasing power parity
theory, 650
exclusion restriction, 102, 348-349,
394, 404
exogeneity
of GDP, 659
of interest variable, 658
linear regression model
assumptions, 10, 42
long run models, 659
nonlinear model assumption, 164
regression model, 72
vector autoregression, 590-592
exogenous variables
assumption, 542
cointegration, 652
in context of models, 591
distinction, 381
duration models, 796-797
forecasting and, 576
identification and, 708
labor force participation
example, 709
macroeconomic model
example, 380
simultaneous-equation
models, 379
specification tests, 414
expansion by cofactors, 817
expectation, 558, 567, 865, 904
expectations-augmented Phillips
curve, 251
expenditure system, 362
explained variable, 7
explanatory variable, 7
exponential distribution
depicted, 910
distribution theory. 855
likelihood functions, 888-889
limited models, 771, 794
exponential family, 529-530
ex post forecast, 113
extended product, 807
extramarital affairs data, 952
extremum estimator, 461-463, 520

F

F distribution
distribution theory, 851-853
example, 908
noncentral F distribution, 852
probability theory, 875
statistical tables, 956-957

F ratio, 172, 289

F statistic
adjusting, 685
ARDL model, 574, 583
Chow predictive test and, 132

Cobb-Douglas model, 103
fixed effects, 292
gasoline consumption study,
136-137, 571
hypothesis testing, 177
least squares, 83, 95-99, 220
linear model and, 175
maximum likelihood
estimation, 496
normal disturbances and,
104-105
robust estimation and, 200
significance tests for restrictions,
175-177
SUR model example, 350
testing common factor
restrictions, 586
testing hypotheses, 106, 114
testing joint significance, 82
‘Wald test and, 593
F test, 130, 592, 632
factoring, matrix, 832-833
fast Fourier transform (FFT), 631
FDI variables, 700
feasible GLS (FGLS)
AR(1) model, 273
AR(2) model, 274
autocorrelation and, 253, 317, 582
binary choice models, 665
generalized regression model,
209-211
groupwise heteroscedasticity, 236
Grunfeld investment model, 331
instrumental variables estimator
and, 277
multiplicative
heteroscedasticity, 234
panel data, 322
random effects model,
296-299, 304
restrictions, 689
SUR model, 344-347
two-step estimation, 227-228, 231
FIML. See full information
maximum likelihood
(FIML)
final form, 416
finite lags, 560, 565-566
finite sample properties
estimation in, 885-888
least squares, 55-56, 65
Ljung-Box statistic, 622
of ordinary least squares, 193-194
unbiased estimation, 41
“first generation RCM,” 319
first-order autoregression.
See AR(1) model
first-order condition, 840
fit measures, 159, 209
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fitting criterion, 19
fixed effects model
binary choice model
extensions, 690
cost equations, 292
lagged dependent variables
and, 307
panel data, 285, 287-293, 694-700
robust estimation, 314-316
flexible functional form, 12,
366-369
forecast error, 111, 576
forecasting. See also prediction
accuracy of, 113
adjusted RZ, 159
ARDL model and, 576-579
ARMA models, 610
autocorrelation and, 279-280
distinction, 111n8
as growth industry, 5
Klein’s Model I, 587
macroeconomics and, 587n9
model performance, 608
prediction and, 113
regression analysis and, 33
VAR approach, 595
foreign exchange markets,
238, 649
forms of convergence, 900-903
Fourier transform, 705n47
fractional integration, 632n14,
647-648
frequency domain, 624-631
Frisch-Waugh theorem, 27, 38-39
full column rank, 815
full information, 396, 398
full information maximum
likelihood (FIML)
discrete choice models, 716, 727
joint estimation and, 405
Klein’s Model I, 412
labor supply example, 786
method of estimation, 407409
travel mode choice example, 732
two-step maximum likelihood
estimation, 508
full rank
assumption, 542
least squares, 21
linear regression model, 10,
13-14, 42
regression model and, 72
VAR model and, 655
full rank matrices, 815-816
full rank quadratic form, 875-876
fully recursive model, 394-395,
397, 411
functional form, 116, 122-124,
126,163
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G

gamma distribution
computation and optimization,
944-945
distribution theory, 855
example, 530-531
GMM estimation, 538-540
limited models, 794
MLE. 490n9
negative binomial model, 745
gamma function, 490n9, 927-928
gamma regression model, 71, 129
GARCH model, 16, 240-245
Gauss (computer program), 942
Gauss-Hermite quadrature,
692,929
Gaussian quadrature, 928
Gauss-Laguerre quadrature, 929
Gauss-Markov theorem
counterparts to, 70-71
generalized regression
model, 208
least squares estimator and,
45-47, 56, 265
prediction and, 111
stochastic frontier model,
502-503
theorems, 47-48
Gauss-Newton method, 169, 942
Gauss’s method, 448
GD-84P, 83
GDP
augmented Dickey-Fuller
test, 646
cointegration and, 650-652
cointegration in, 656
Dickey-Fuller test, 639
as economic variable, 631
exogeneity of, 659
long memory models, 647
nonstationary series example, 632
GEE estimator, 690n26
generalized inverse, 82-83, 833-834
generalized least squares (GLS).
See also teasible GLS
(FGLS)
asymptotic covariance matrix,
212,321, 342
asymptotic normality of, 260
autocorrelation, 253
eff