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Outline
The course present a self-contained exposition of Bayesian methods applied to reduced form
models, to structural VARs, to a class of state space models (TVC models, factor models,
stochastic volatility models, Markov switching models). It is assumed that participants are
familiar with the following topics:
(a) Basic VAR techniques: in particular, the identification of shocks and calculation of stan-
dard errors of impulse responses.
(b) Filtering techniques.
(c) Current models used in dynamic macroeconomics.

In addition, a working knowledge of Matlab programming language is required to perform
well in the course.

The lectures are based on chapters 9 to 11 of my book: Methods for Applied Macro-
economic Research, Princeton University Press, 2007 Lecture notes will be posted on my
homepage www.crei.cat/people/canova together with homeworks and sample programs.

The course will include lectures and student presentation of papers that use the techniques
discussed in class.
The grade will be based on a term paper (60 percent), on two homeworks (20 percent) and
on the in-class presentations (20 percent).

Program
Week 1 (3-4 November) Introduction to Bayesian Methods, Estimation and inference.
Week 2 (10-11 November) Posterior simulators and robustness.
Week 3 (17-18 November) Bayesian methods for regression models.
Week 4 (24 November 2 classes this day) Bayesian methods for VARs models and univariate
dynamic panels.
Week 5 ( 1-2 December) Bayesian methods for state space models.



1) Introductory methods
e Preliminaries : Bayes Theorem, Prior Selection, Nuisance Parameters.

e Inference, Uncertainty, Confidence Intervals, (Asymptotic) Normal Approximation, Mul-
tiple models, Testing models, Forecasting.

e Hierarchical and Empirical Bayes Models, Meta-analysis.

References

e Berger, J. and Wolpert, R. (1998), The Likelihood Principle, Institute of Mathematical Sta-
tistics, Hayward, Ca., 2nd edition

e Bauwens, L., M. Lubrano and J.F. Richard (1999) Bayesian Inference in Dynamics Econo-
metric Models, Oxford University Press.

e Gelman, A., J. B. Carlin, H.S. Stern and D.B. Rubin (1995), Bayesian Data Analysis, Chap-
man and Hall, London.

e Poirier, D. (1995) Intermediate Statistics and Econometrics, MIT Press.
e Koop, G. (2004) Bayesian Econometrics, Wiley and Sons
e Zellner, A. (1971) Introduction to Bayesian Inference in Econometrics, Wiley and Sons

e Carlin B.P. and Gelfand, A.E, Smith, A.F.M (1992) Hierarchical Bayesian Analysis of change
point problem, Journal of the Royal Statistical Society, C, 389-405.

e Canova, F. and Pappa, E. (2007) Price Differential in Monetary Union: the role of fiscal
shocks, Economic Journal, 117, 713-737.

e Canova, F (2005) The transmission of US shocks to Latin America, Journal of Applied Econo-
metrics, 20, 229-251.

e Kass, R. and Raftery, A (1995), Empirical Bayes Factors, Journal of the American Statistical
Association, 90, 773-795.

e Sims, C. (1988) ” Bayesian Skepticism on unit root econometrics”, Journal of Economic
Dynamics and Control, 12, 463-474.



2) Posterior Simulators

e Normal Approximations

e Acceptance and Importance Sampling

e MCMC methods (Gibbs sampler and Metropolis-Hastings)

e Prior Robustness

References

e Robert, C. and Casella, G. (2003) Monte Carlo Statistical Methods, Springer Verlag.

e Casella, G. and George, E. (1992) Explaining the Gibbs Sampler American Statistician, 46,
167-174.

e Chib, S. and Greenberg, E. (1995) Understanding the Hasting-Metropolis Algorithm, The
American Statistician, 49, 327-335.

e Chib, S. and Greenberg, E. (1996) Markov chain Monte Carlo Simulation methods in Econo-
metrics, Fconometric Theory, 12, 409-431.

o Geweke, J. (1995) Monte Carlo Simulation and Numerical Integration in Amman, H., Kendrick,
D. and Rust, J. (eds.) Handbook of Computational Economics Amsterdaam, North Holland,
731-800.

o Geweke, J. (1998) Using Simulation methods for Bayesian Econometric Models: Inference,
Development and Communication, University of lowa, manuscript.

e Smith, A.F.M. and Roberts, G.O, (1993), ”Bayesian Computation via the Gibbs sampler and
related Markov Chain Monte Carlo methods” Journal of the Royal Statistical Society, B, 55,
3-24.

e Tierney, L (1994) Markov Chains for Exploring Posterior Distributions (with discussion),
Annals of Statistics, 22, 1701-1762.



3) Regression models
e Linear regression model with two benchmark priors.
e Testing hypotheses/models. Predictions.
e Adding heteroschedasticity and autocorrelation
e Univariate dynamic regression models. BMA.
e Nonlinear univariate regression models
e Multivariate models. SUR.
References

e Bauwens, L., M. Lubrano and J.F. Richard (1999) Bayesian Inference in Dynamics Econo-
metric Models, Oxford University Press.

e Fernandez, C., Ley E. and Steel, M (2001) Benchmark priors for Bayesian Model Averaging,
Journal of Econometrics, 100, 381-427.

e Koop, G. (2004) Bayesian Econometrics, Wiley and Sons.

e Lindlay, D. V. and Smith, A.F.M. (1972) ”Bayes Estimates of the Linear Model”, Journal of
the Royal Statistical Association, Ser B, 34, 1-18.

e Madigan, D., York, J. (1995) Bayesian Graphical Modles for Discrete data, International
Statistical Review, 63, 215-232

e Poirier, D. (1995) Intermediate Statistics and Econometrics, MIT Press.
e Zellner, A. (1971) Introduction to Bayesian Inference in Econometrics, Wiley and Sons.

o Zellner, A. (1986) On assessing prior distributions and Bayesian Regression Analysis with
g-prior Distributions in Goel,m P. and Zellner, A. (eds) Bayesian Inference and Decision
Techniques: Essays in the honour of Bruno de Finetti, Amsterdaam, North Holland.

e Zellner, A., Hong, (1989) Forecasting International Growth rates using Bayesian Shrinkage
and other procedures, Journal of Econometrics, 40, 183-202.



4) Bayesian VARs
e Likelihood function for an M variable VAR(q)
e Priors for VARs (Minnesota (Litterman), General, DSGE)
e Structural BVARs
e Bayesian dynamic panels
References

e Lutkepohl, H., (1996), Introduction to Multiple Time Series Analysis, Springer and Verlag.
e Ballabriga, C. (1997) ”Bayesian Vector Autoregressions”, manuscript.

e Canova, F. (1992) 7 An Alternative Approach to Modelling and Forecasting Seasonal Time
Series ” Journal of Business and Economic Statistics, 10, 97-108.

e Canova, F. (1993a) ” Forecasting time series with common seasonal patterns”, Journal of
FEconometrics, 55, 173-200.

e Canova, F. (2004) ”Testing for Convergence Club: A Predictive Density Approach”, Inter-
national Economic Review, 45,49-77.

e Del Negro, M. and F. Schorfheide (2004), ” Priors from General Equilibrium Models for
VARSs”, International economic Review

e Kadiyala, R. and Karlsson, S. (1997) Numerical methods for estimation and Inference in
Bayesian VAR models, Journal of Applied Econometrics, 12, 99-132.

e Koop, G.(1996) “Bayesian Impulse responses”, Journal of Econometrics, 74, 119-147.

e Ingram, B. and Whitemann, C. (1994), ” Supplanting the Minnesota prior. Forecasting macro-
economic time series using real business cycle priors, Journal of Monetary Economics, 34,
497-510.

e Sims, C. and Zha T. (1998) “Bayesian Methods for Dynamic Multivariate Models”, Interna-
tional Economic Review, 39, 949-968.

e Waggoner and T. Zha (2003) A Gibbs Simulator for Restricted VAR models, Journal of
Economic Dynamics and Control, 26, 349-366.
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e Zha, T. (1999) ”"Block Recursion and Structural Vector Autoregressions”, Journal of Econo-
metrics, 90, 291-316.

5) Bayesian State Space Models

e State Space Models and Kalman filter
e (Classical Inference in state space models
e Gibbs sampler for state space models
e Application 1: TVC- VARs
e Application 2: Factor models
e Application 3: Stochastic volatility

e Application 4: Markov switching models
References

e Albert, J. and Chib, S. (1993) Bayes Inference via Gibbs Sampling of Autoregressive Time
Series Subject to Markov Mean and Variance Shifts, Journal of Business and FEconomic
Statistics, 11, 1-16.

e Chib, S. (1996) Calculating Posterior Distributions and Model Estimates in Markov Mixture
Models, Journal of Econometrics, 75, 79-98.

e Fruhwirth-Schnatter, S (2001) MCMC estimation of classical and Dynamic switching and
Mixture Models Journal of the American Statistical Association, 96, 194-209.

e Geweke, J. (1994), Comment to Jacquier, Polson and Rossi , Journal of Business and Eco-
nomic Statistics, 12, 397-398.

e Geweke, J. and Zhou, G. (1996) Measuring the Pricing Error of the Arbitrage Pricing Theory,
Review of Financial Studies, 9, 557-587.

e Otrok, C. and Whitemann, C. (1998), ”Bayesian Leading Indicators: measuring and Predict-
ing Economic Conditions in lowa”, International Economic Review, 39, 997-1114.

e Jacquier, E., Polson N. and Rossi, P. (1994), ” Bayesian Analysis of Stochastic Volatility
Models”, Journal of Business and Economic Statistics, 12, 371-417.
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Kim, C. and Nelson, C. (1999), State Space Models with Regime Switching, MIT Press,
London, UK.

McCulloch, R. and R. Tsay (1994) Statistical Aanlysis of Economic Time Series via Markov
Switching Models”, Journal of Time Series Analysis, 15, 521-539.

Sims, C. and Zha, T. (2006) Were there regime switches in US monetary policy, American
Economic Review 96(1), 54-81.

Sims, C. D. Waggoner, T. Zha (2008), Methods for Inference in LargeMultiple-Equation
Markov-Switching Models”, Journal of Econometrics, 146(2) 255-274

Cogley, T. and Sargent, T. (2005) Drifts and Breaks in US Inflation, Review of Economic
Dynamics, 8,

Cogley, T., Morozov, and Sargent, T. (2005) Bayesian Prediction Intervals in Evolving Mon-
etary Systems, Journal of Economic Dynamics and Control, 29,

Canova, F. and Gambetti, L. (2009) Structural Changes in the US economy: is there a role
for monetary policy? Journal of Economic Dynamics and Control, 33, 477-490.

Canova, F. and Ciccarelli, M., (2004), "Forecasting and Turning Point Prediction in a
Bayesian Panel VAR model”, Journal of Econometrics, 120, 327-359.

Canova, F. and Ciccarelli, M., (2009), ” Estimating multicountry VAR models”, International
FEconomic Review, 50, 929-961.

Canova, F. (1993b) Forecasting exchange rates with a Bayesian time-varying coefficient
model, Journal of Economic Dynamics and Control, 17, 233-261. .

Benati, L. (2008) The great moderation in the UK: Good luck or good policy?, Journal of
Money Credit and Banking, 40, 121-147.

Carlin, B., Polsom, N. and Stoffer, D. (1992)” A Monte Carlo Approach to nonnormal and
nonlinear state-space modelling”, Journal of the American Statistical Association, 87, 493-
500

Hamilton, J. (1989) ” A New Approach to the economic analysis of nonstationary time series
and the business cycle”, Econometrica, 57, 357-384



8) Papers for presentation

1) Sala, X., Doppelhofer, G., Miller, R. (2004), ”Determinants of Long Term growth: A
Bayesian Averaging of Classical Estimates (BACE) approach”, American Economic Review,
94, 567-588.

2 Ciccone, A. and M. Jarocinski, (2010) Determinants of E conomic Growth: will data
tell, American Economic Journals: Macroeconomics, 2(4), 222-245.

3) Canova, F (2005) The transmission of US shock to Latin America, Journal of Applied
Econometrics 20, 229-251.

4) Canova, F. and Pappa, P (2007) Price differentials in monetary unions: The role of
fiscal shocks, Economic Journal, 117, 713-737.

5) Marcet, A. and M Jarocinski (2009) Prior for growth rates, Small sample bias and the
effects of monetary policy, UAB and LSE manuscript.

6) Mumtaz, H. and Surico, P. (2009) Evolving International Inflation Dynamics: Evi-
dence from a time varying Dynamic Factor Model, forthcoming, Journal of the European
Economic Association.

7) Canova, F. and Gambetti, L. (2009) Structural Changes in the US economy: is there
a role for monetary policy? Journal of Economic Dynamics and Control, 33, 477-490.

8) Gambetti, L., Pappa, E. and Canova, F. (2008) The structural dynamics of Output
and Inflation: what explains the changes?, Journal of Money, Credit and Banking, 40, 369-
388.

9) Canova, F., Ciccarelli, M. and Ortega, E. (2007), ”Similarities and Convergence in
G-7 Cycles”, Journal of Monetary Economics, 54, 850-878.

10) Sims, C. and Zha, T. (2006) Were there regime switches in US monetary policy,
American Economic Review 96(1), 54-81.

Students can also suggest s papers for presentation which are related to the topics pre-
sented in class.



