Finite-sample inference, weak identification and macroeconometrics^∗

Jean-Marie Dufour^†

First version: November 2006 This version: November 30, 2006, 8:16am

∗ This work was supported by the Canada Research Chair Program (Chair in Econometrics, Université de Montréal), the Canadian Network of Centres of Excellence [program on Mathematics of Information Technology and Complex Systems (MITACS)], the Canada Council for the Arts (Killam Fellowship), the Natural Sciences and Engineering Research Council of Canada, the Social Sciences and Humanities Research Council of Canada, and the Fonds FCAR (Government of Québec).

† Canada Research Chair Holder (Econometrics). Centre de recherche et développement en économique (C.R.D.E.), Centre interuniversitaire de recherche en analyse des organisations (CIRANO), and Département de sciences économiques, Université de Montréal. Mailing address: Département de sciences économiques, Université de Montréal, C.P. 6128 succursale Centre-ville, Montréal, Québec, Canada H3C 3J7. TEL: 1 514 343 2400; FAX: 1 514 343 5831; e-mail: jean.marie.dufour@umontreal.ca. Web page: http://www.fas.umontreal.ca/SCECO/Dufour .

Contents

1. Finite-sample inference in econometrics 1

1.1. Monte Carlo test methods . . 2 1.2. Nuisance parameter elimina-

tion . . . . . . . . . . . . . . 4

1.3. Bound procedures . . . . . . 5 1.3.1. Bounding the statistic

of interest by other statistics . . . . . . . . . 5

1.3.2. Bounding tail areas by

some function . . . . . 6

1.3.3. Projection techniques 7 1.3.4. Sequential confidence

procedure . . . . . . . 8

2. Weak identification 9

3. Macroeconometrics 15 ii

3.1. Distribution-free inference in

models with regressors involving feedback . . . . . . . . . 15

3.2. Causality analysis, VAR and

VARMA models . . . . . . . 16

3.3. New Keynesian Phillips curves 17

i

1. General work of finite-sample inference in econometrics 2. Weak identification 3. Macroeconometrics

1. Finite-sample inference in econometrics

General objective: to developing reliable tests and confidence sets (or intervals) in econometrics in situations which involve test statistics: 1. complex finite-sample distributions; 2. nuisance parameters.

1.1. Monte Carlo test methods

Monte Carlo tests allow one to control perfectly the size of a test, even with a small number replications [Dwass (1957), Barnard (1963)].

- Dufour and Kiviet (1996, Journal of Econometrics) - Kiviet and Dufour (1997a, Journal of Econometrics) - Dufour and Kiviet (1998, Econometrica) - Dufour, Farhat, Gardiol, and Khalaf (1998, Econometrics Journal) - Dufour and Khalaf (2001, Baltagi, eds, Blackwell) Dufour and Khalaf (2002, Journal of Econometrics) - Dufour, Khalaf, and Beaulieu (2003, Oxford Bulletin of Economics and Statistics) - Dufour, Khalaf, Bernard, and Genest (2004, Journal of Econometrics) - Dufour (2006, Journal of Econometrics): generalized theory of MC tests

- Beaulieu, Dufour, and Khalaf (2006, Journal of Business and Economic Statistics, forth.)

1.2. Nuisance parameter elimination

1. Transformations 2. Conditioning - Campbell and Dufour (1991, Economics Letters) - Campbell and Dufour (1995, Review of Economics and Statistics) - Dufour and Kiviet (1996, Journal of Econometrics) - Kiviet and Dufour (1997b, Journal of Econometrics) - Dufour and Kiviet (1998, Econometrica) - Campbell and Dufour (1997, International Economic Review) - Dufour and Torrès (1998, Dekker) - Dufour and Torrès (2000, Journal of Econometrics) - Dufour, Farhat, and Hallin (2003, Journal of Econometrics)

1.3. Bound procedures

1.3.1. Bounding the statistic of interest by

other statistics

- Dufour (1989, Econometrica) - Dufour (1990, Econometrica) - Dufour and Khalaf (2002, Journal of Econometrics) - Dufour (2006, Journal of Econometrics): Maximized Monte Carlo (MMC) tests - Dufour and Jouini (2006, Journal of Econometrics): MMC tests applied to VAR models

1.3.2. Bounding tail areas by some function

Exponential inequalities, Chebyshev inequalities, Berry-Esséen bounds - Dufour (1991, Hackl-Westlund, eds., Springer) - Dufour and Mahseredjian (1993, Econometric Theory) - Dufour and Hallin (1991, Econometric Theory) - Dufour and Hallin (1992a, Econometric Theory) - Dufour and Hallin (1992b, Journal of Statistical Planning and Inference) - Dufour and Hallin (1993, JASA)

1.3.3. Projection techniques

- Dufour (1990, Econometrica) - Dufour (1997, Econometrica) - Abdelkhalek and Dufour (1998, Review of Economics and Statistics) - Dufour and Kiviet (1998, Econometrica) - Dufour and Jasiak (2001, International Economic Review) - Dufour and Khalaf (2002) - Dufour and Taamouti (2005b, Econometrica) - Dufour and Taamouti (2006, Journal of Econometrics, forth.)

1.3.4. Sequential confidence procedure

- Dufour (1990, Ecnometrica) - Dufour, Hallin, and Mizera (1998, Journal of Nonparametric Statistics) - Dufour and Kiviet (1998, Econometrica) - Beaulieu, Dufour, and Khalaf (2006, Journal of Business and Economic Statistics, forth.)

2. Weak identification

Identification failure: situation where several values of model parameters correspond to the same data DGP.

Weak identification: situation where we are close to identification failure.

Several authors in the pas have noted that usual asymptotic approximations are not valid or lead to very inaccurate results when parameters of interest are close to regions where these parameters are not anymore identifiable

Surveys:

- Stock, Wright, and Yogo (2002, Journal of Business and Economic Statistics)

- Dufour (2003, Canadian Journal of Economics)

1. Theoretical results show that the distributions of various estimators depend in a complicated way upon unknown nuisance parameters. So they are difficult to interpret.

2. When identification conditions do not hold, standard asymptotic theory for estimators and test statistics typically collapses.

3. With weak instruments,

(a) 2SLS becomes heavily biased (in the same direction as OLS), (b) distribution of 2SLS is quite far the normal distribution (e.g., bimodal).

4. Standard Wald-type procedures based on asymptotic standard errors become fundamentally unreliable or very unreliable in finite samples.

5. Problems were strikingly illustrated by the reconsideration by Bound, Jaeger, and Baker (1995, Journal of the American Statistical Association) of a study on returns to education by Angrist and Krueger (1991, QJE):

329000 observations;

replacing the instruments used by Angrist and Krueger (1991, QJE) with randomly generated instruments (totally irrelevant) produced very similar point estimates and standard errors;

indicates that the instruments originally used were weak.

Crucial to use finite-sample approaches to produce reliable inference.

Finite-sample approaches to inference on models involving weak identification

- Dufour (1997, Econometrica)

- Dufour and Jasiak (2001, International Economic Review)

- Dufour and Taamouti (2005b, Econometrica)

- Dufour and Taamouti (2006, Journal of Econometrics, forth.)

1. Procedures robust to lack of identification (or weak identification)

2. Limited information methods which do not require a complete formulation of the model [robustness to missing instruments]

Applications

1. Education and labour economics

(a) Students’ achievements and self-esteem [Dufour and Jasiak (2001, International Economic Review)] (b) Education and earnings

[Dufour and Taamouti (2006, Journal of Econometrics, forth.)]

2. Financial econometrics

(a) Black’s CAPM

[Beaulieu, Dufour, and Khalaf (2005)] (b) Stochastic volatilty models

[Dufour and Valéry (2005)]

3. Macroeconomics

(a) Tobin’s q

[Dufour and Jasiak (2001, International Economic Review)] (b) Trade and growth

[Dufour and Taamouti (2006, Journal of Econometrics, forth.)]

(c) New Keynesian Phillips curves [Dufour, Khalaf, and Kichian (2006a, Journal of Economic Dynamics and Control), Dufour, Khalaf, and Kichian (2006b)]

3. Macroeconometrics

3.1. Distribution-free inference in models

with regressors involving feedback

- Campbell and Dufour (1991, Economics Letters) - Campbell and Dufour (1995, Review of Economics and Statistics) - Campbell and Dufour (1997, International Economic Review) - Coudin and Dufour (2005a) - Coudin and Dufour (2005b)

3.2. Causality analysis, VAR and VARMA

models

- Boudjellaba, Dufour, and Roy (1992, JASA) - Dufour and Tessier (1993) - Boudjellaba, Dufour, and Roy (1994, Journal of Econometrics) - Dufour and Tessier (1997) - Dufour and Renault (1998, Econometrica): causality at various horizons - Dufour and Jouini (2006, Journal of Econometrics): exact inference for large VAR models (bootstrap) - Dufour, Pelletier, and Renault (2006, Journal of Econometrics): tests for causality at various horizons - Dufour and Pelletier (2005): VARMA identification and modelling - Dufour and Taamouti (2005a): causality measures (bootstrap)

- Dufour, Garcia, and Taamouti (2006)

3.3. New Keynesian Phillips curves

- Dufour, Khalaf, and Kichian (2006a, Journal of Economic Dynamics and Control): Gali-Gertler model - Dufour, Khalaf, and Kichian (2006b): Calvo - Dufour, Khalaf, and Kichian (2006c): Lindé model

References

ABDELKHALEK, T., AND J.-M. DUFOUR (1998):

“Statistical Inference for Computable General Equilibrium Models, with Application to a Model of the Moroccan Economy,” Review of Economics and Statistics, LXXX, 520–534.

ANGRIST, J. D., AND A. B. KRUEGER (1991): “Does Compulsory School Attendance Affect Schooling and Earning?,” Quarterly Journal of Economics, CVI, 979–1014.

BARNARD, G. A. (1963): “Comment on ‘The Spectral Analysis of Point Processes’ by M. S. Bartlett,” Journal of the Royal Statistical Society, Series B, 25, 294.

BEAULIEU, M.-C., J.-M. DUFOUR, AND L. KHA- LAF (2005): “Testing Black’s CAPM with Possibly Non-Gaussian Errors: An Exact Identification-Robust Simulation-Based Approach,” Discussion paper, Centre interuniversitaire de recherche en analyse des organisations (CIRANO) and Centre interuniversitaire de recherche en économie quantitative (CIREQ), Université de Montréal.

(2006): “Multivariate Tests of Mean- Variance Efficiency with Possibly Non-Gaussian Errors: An Exact Simulation-Based Approach,” Journal of Business and Economic Statistics, forthcoming.

BOUDJELLABA, H., J.-M. DUFOUR, AND R. ROY (1992): “Testing Causality Between Two Vectors in Multivariate ARMA Models,” Journal of the American Statistical Association, 87(420), 1082– 1090.

(1994): “Simplified Conditions for Non- Causality between Two Vectors in Multivariate ARMA Models,” Journal of Econometrics, 63, 271–287.

BOUND, J., D. A. JAEGER, AND R. M. BAKER (1995): “Problems With Instrumental Variables Estimation When the Correlation Between the Instruments and the Endogenous Explanatory Variable Is Weak,” Journal of the American Statistical Association, 90, 443–450.

CAMPBELL, B., AND J.-M. DUFOUR (1991): “Overrejections in Rational Expectations Models: A Nonparametric Approach to the Mankiw-Shapiro Problem,” Economics Letters, 35, 285–290.

(1995): “Exact Nonparametric Orthogonality and Random Walk Tests,” Review of Economics and Statistics, 77, 1–16.

(1997): “Exact Nonparametric Tests of Orthogonality and Random Walk in the Presence of a Drift Parameter,” International Economic Review, 38, 151–173.

COUDIN, É., AND J.-M. DUFOUR (2005a): “Finite Sample Distribution-Free Inference in Linear Median Regressions under Heteroskedasticity and Nonlinear Dependence of Unknown Form,” Discussion paper, Centre interuniversitaire de recherche en analyse des organisations (CIRANO) and Centre interuniversitaire de recherche en économie quantitative (CIREQ), Université de Montréal, Montréal, Canada.

(2005b): “Robust Sign-Based Estimators in Median Regressions under Heteroskedasticity and Nonlinear Dependence of Unknown Form,” Discussion paper, Centre interuniversitaire de recherche en analyse des organisations (CIRANO) and Centre interuniversitaire de recherche en économie quantitative (CIREQ), Université de Montréal, Montréal, Canada.

DUFOUR, J.-M. (1989): “Nonlinear Hypotheses, Inequality Restrictions, and Non-Nested Hypotheses: Exact Simultaneous Tests in Linear Regressions,” Econometrica, 57, 335–355.

(1990): “Exact Tests and Confidence Sets in Linear Regressions with Autocorrelated Errors,” Econometrica, 58, 475–494.

(1991): “Kimball’s Inequality and Bounds Tests for Comparing Several Regressions under Heteroskedasticity,” in Economic Structural Change. Analysis and Forecasting, ed. by P. Hackl, and A. Westlund, pp. 49–57. Springer- Verlag, Berlin.

(1997): “Some Impossibility Theorems in Econometrics, with Applications to Structural and Dynamic Models,” Econometrica, 65, 1365–1389.

(2003): “Identification, Weak Instruments and Statistical Inference in Econometrics,” Canadian Journal of Economics, 36(4), 767–808.

(2006): “Monte Carlo Tests with Nuisance Parameters: A General Approach to Finite- Sample Inference and Nonstandard Asymptotics in Econometrics,” Journal of Econometrics, 133(2), 443–477.

DUFOUR, J.-M., A. FARHAT, L. GARDIOL, AND L. KHALAF (1998): “Simulation-Based Finite Sample Normality Tests in Linear Regressions,” The Econometrics Journal, 1, 154–173.

DUFOUR, J.-M., A. FARHAT, AND M. HALLIN (2003): “Distribution-Free Bounds for Serial Correlation Coefficients in Heteroskedastic Symmetric Time Series,” Discussion paper, CIRANO and CIREQ, Université de Montréal, and ECARES, Université Libre de Bruxelles.

DUFOUR, J.-M., R. GARCIA, AND A. TAAMOUTI (2006): “Measuring Causality Between Volatility and Returns with High-Frequency Data,” Discussion paper, Centre interuniversitaire de recherche en analyse des organisations (CIRANO) and Centre interuniversitaire de recherche en économie quantitative (CIREQ), Université de Montréal, Montréal, Canada.

DUFOUR, J.-M., AND M. HALLIN (1991): “Nonuniform Bounds for Nonparametric t Tests,” Econometric Theory, 7, 253–263.

(1992a): “Improved Berry-Esseen- Chebyshev Bounds with Statistical Applications,” Econometric Theory, 8, 223–240.

(1992b): “Simple Exact Bounds for Distributions of Linear Signed Rank Statistics,” Journal of Statistical Planning and Inference, 31, 311– 333.

(1993): “Improved Eaton Bounds for Linear Combinations of Bounded Random Variables, with Statistical Applications,” Journal of the American Statistical Association, 88, 1026– 1033.

DUFOUR, J.-M., M. HALLIN, AND I. MIZERA (1998): “Generalized Runs Tests for Heteroskedastic Time Series,” Journal of Nonparametric Statistics, 9, 39–86.

DUFOUR, J.-M., AND J. JASIAK (2001): “Finite Sample Limited Information Inference Methods for Structural Equations and Models with Generated Regressors,” International Economic Review, 42, 815–843.

DUFOUR, J.-M., AND T. JOUINI (2006): “Finite- Sample Simulation-Based Tests in VAR Models with Applications to Granger Causality Testing,” Journal of Econometrics, 135(1-2), 229–254.

DUFOUR, J.-M., AND L. KHALAF (2001): “Monte Carlo Test Methods in Econometrics,” in Companion to Theoretical Econometrics, ed. by B. Baltagi, Blackwell Companions to Contemporary Economics, chap. 23, pp. 494–519. Basil Blackwell, Oxford, U.K.

(2002): “Simulation Based Finite and Large Sample Tests in Multivariate Regressions,” Journal of Econometrics, 111(2), 303–322.

DUFOUR, J.-M., L. KHALAF, AND M.-C. BEAULIEU

(2003): “Exact Skewness-Kurtosis Tests for Multivariate Normality and Goodness-of-Fit in Multivariate Regressions with Application to Asset Pricing Models,” Oxford Bulletin of Economics and Statistics, 65, 891–906.

DUFOUR, J.-M., L. KHALAF, J.-T. BERNARD, AND I. GENEST (2004): “Simulation-Based Finite- Sample Tests for Heteroskedasticity and ARCH Effects,” Journal of Econometrics, 122(2), 317– 347.

DUFOUR, J.-M., L. KHALAF, AND M. KICHIAN (2006a): “Inflation Dynamics and the New Keynesian Phillips Curve: An Identification Robust Econometric Analysis,” Journal of Economic Dynamics and Control, 30(9-10), 1707–1727.

(2006b): “Structural Estimation and Evaluation of Calvo-Style Inflation Models,” Discussion paper, Centre de recherche et développement en économique (CRDE), Université de Montréal, and Centre interuniversitaire de recherche en analyse des organisations (CIRANO), Montréal, Canada.

(2006c): “Structural Multi-Equation

Macroeconomic Models: A System-Based Estimation and Evaluation Approach,” Discussion paper, Centre de recherche et développement en économique (CRDE), Université de Montréal, and Centre interuniversitaire de recherche en analyse des organisations (CIRANO), Montréal, Canada.

DUFOUR, J.-M., AND J. F. KIVIET (1996): “Exact Tests for Structural Change in First-Order Dynamic Models,” Journal of Econometrics, 70, 39– 68. (1998): “Exact Inference Methods for First- Order Autoregressive Distributed Lag Models,” Econometrica, 66, 79–104.

DUFOUR, J.-M., AND S. MAHSEREDJIAN (1993):

“Tabulation of Farebrother’s Test of Linear Restrictions: A Solution,” Econometric Theory, 9, 697–702.

DUFOUR, J.-M., AND D. PELLETIER (2005): “Practical Methods for Modelling Weak VARMA Processes: Identification, Estimation and Specification with a Macroeconomic Application,” Discussion paper, Département de sciences économiques and CIREQ, Université de Montréal, Montréal, Canada.

DUFOUR, J.-M., D. PELLETIER, AND É. RENAULT (2006): “Short Run and Long Run Causality in Time Series: Inference,” Journal of Econometrics, 132(2), 337–362.

DUFOUR, J.-M., AND E. RENAULT (1998): “Short- Run and Long-Run Causality in Time Series: Theory,” Econometrica, 66, 1099–1125.

DUFOUR, J.-M., AND A. TAAMOUTI (2005a): “Short and Long Run Causality Measures: Theory and Inference,” Discussion paper, Centre interuniversitaire de recherche en analyse des organisations (CIRANO) and Centre interuniversitaire de recherche en économie quantitative (CIREQ), Université de Montréal, Montréal, Canada.

DUFOUR, J.-M., AND M. TAAMOUTI (2005b): “ Projection-Based Statistical Inference in Linear Structural Models with Possibly Weak Instruments,” Econometrica, 73(4), 1351–1365.

(2006): “Further Results on Projection-

Based Inference in IV Regressions with Weak, Collinear or Missing Instruments,” Journal of Econometrics, forthcoming.

DUFOUR, J.-M., AND D. TESSIER (1993): “On the Relationship Between Impulse Response Analysis, Innovation Accounting and Granger Causality,” Economics Letters, 42, 327–333.

(1997): “La causalité entre la monnaie et le revenu: une analyse de causalité basée sur un modèle ARMA-échelon,” L’Actualité économique, 73, 351–366.

DUFOUR, J.-M., AND O. TORRÈS (1998): “Union- Intersection and Sample-Split Methods in Econometrics with Applications to SURE and MA Models,” in Handbook of Applied Economic Statistics, ed. by A. Ullah, and D. E. A. Giles, pp. 465–505. Marcel Dekker, New York.

(2000): “Markovian Processes, Two-Sided Autoregressions and Exact Inference for Stationary and Nonstationary Autoregressive Processes,” Journal of Econometrics, 99, 255–289.

DUFOUR, J.-M., AND P. VALÉRY (2005): “Exact and Asymptotic Tests for Possibly Non-Regular Hypotheses on Stochastic Volatility Models,” Discussion paper, Centre interuniversitaire de recherche en analyse des organisations (CIRANO) and Centre interuniversitaire de recherche en économie quantitative (CIREQ), Université de Montréal.

DWASS, M. (1957): “Modified Randomization Tests for Nonparametric Hypotheses,” Annals of Mathematical Statistics, 28, 181–187.

KIVIET, J., AND J.-M. DUFOUR (1997a): “Exact Tests in Single Equation Autoregressive Distributed Lag Models,” Journal of Econometrics, 80, 325–353.

KIVIET, J. F., AND J.-M. DUFOUR (1997b): “Exact Tests in Single Equation Autoregressive Distributed Lag Models,” Journal of Econometrics, 80, 325–353.

STOCK, J. H., J. H. WRIGHT, AND M. YOGO (2002):

“A Survey of Weak Instruments and Weak Identification in Generalized Method of Moments,” Journal of Business and Economic Statistics, 20(4), 518–529.