Advanced Bayesian Econometrics 2025
Professor: Hedibert Freitas Lopes — www.hedibert.org

Objective: The end of the course goal is to allow the student to critically decide between a Bayesian, a
frequentist or Bayesian-frequentist compromise when facing real world problems in the fields of micro- and macro-
econometrics and finance, as well as in quantitative marketing, strategy and business administration. With this
end in mind, we will visit well known Bayesian issues, such as prior specification and model comparison and
model averaging, but also study regularization via Bayesian LASSO, Spike-and-Slab and related schemes, “small
n, large p” issues, Bayesian statistical learning via additive regression trees, random forests, large-scale VAR and
(dynamic) factor models.

Course description: Basic ingredients: prior, posterior, and predictive distributions, sequential Bayes, conjugate
analysis, exchangeability, principles of data reduction and decision theory. Model criticism: Bayes factor,
computing marginal likelihoods, Savage-Dickey ratio, reversible jump MCMC, Bayesian model averaging and
deviance information criterion. Modern computation via (Markov chain) Monte Carlo methods: Monte Carlo
integration, sampling-importance resampling, Gibbs sampler, Metropolis-Hastings algorithms. Mixture models,
Hierarchical models, Bayesian regularization, Instrumental variables modeling, Large-scale (sparse) factor
modeling, Bayesian additive regression trees (BART) and related topics, Dynamic models, Sequential Monte
Carlo algorithms, Bayesian methods in microeconometrics, macroeconometrics, marketing and finance.

Part | Bayesian ingredients: i) Inference: likelihood, prior, predictive and posterior distributions; ii) Model
criticism: Marginal likelihoods, Bayes factor, model averaging and decision theory; and iii) Computation: An
introduction (Markov chain and sequencial) Monte Carlo methods.

Part Il Multivariate models: i) Large-scale vector autoregressive models; ii) Factor models and other dimension
reduction models; and iii) Time-varying high-dimensional covariance models.

Part Ill Modern Bayesian statistical learning: i) Mixture models and the Dirichlet process: handling non-
Gaussian models; ii) Regularization: sparsity via shrinkage and variable selection; iii) Large vector-autoregressive
and factor models: combining sparsity and parsimony; iv) Classification and support vector machines; v)
Regression trees and random forests; and vi) Latent Dirichlet allocation: Text as data, text mining.

Paper presentations: i) GP-VAR and Macroeconomic Uncertainty; ii) How Polarized are Citizens? Measuring
Ideology from the Ground-Up; iii) Minnesota BART; iv) Text as Data; and v) What events matter for exchange rate
volatility ?

Homework assignments

HW1: Repeat the AR(1) problem (Example 2 from Class 1), but this time with w(t) iid Student’s t with nu=4
degrees of freedom. a) Plot both prior and posterior in the same figure. b) Which model is better, as far as Bayes
Factor is concerned? c) Plot p(y(n+1)ly(1),...,y(n)) for w(t) ~ normal. d) Plot p(y(n+1)ly(1),...,y(n)) for w(t) ~
Student’s t.

HW2: In my notes about the Monte Carlo (MC) methods, we illustrate the implementation of SIR where the target
distribution is a three-component bivariate mixture of normals (page 26). Let us compare: a) Proposal A: bivariate
normal proposal density presented in the notes (page 29); b) Proposal B: bivariate Student’s t with the same
location, 4 degrees of freedom and scale that replaces the multiplier 9 in the covariance matrix of Proposal A with
the multiplier 4.5; ¢) Bonus: make the multiplier equal to 1 and play around with the number of degrees of
freedom, say 1, 2, 3, 5, 10; d) Comment your findings.

HW4: Revisit the “Bayesian hierarchical linear regression (Class 4 — Example 6 below), by assuming now making
beta[1]=beta[2]=...=beta[l]=beta, where the prior for beta is now Gaussian with mean 0.5 and variance

1.0. Repeat the change, but now let alpha[1]=...alpha[l]=alpha, where the prior for alpha is Gaussian with mean -
4.0 and variance 25.0. Compare the models. In particular, compare the posterior distribution of the error
variance, sigma”2 for the different hierarchical models.

HW3 + HW5 + HW6

Material developed in class

e Example 1:iid Bernoulli trials & two alternative priors for proportion parameter
Example 2: AR(1) model with normal errors (homework: Student’s t errors)
Example 3: Bivariate Student’s t — learning correlation and degrees of freedom
Example 4: Data augmentation/Gibbs sampler — Linkage example
Example 5: Data augmentation/Gibbs sampler — Mean of Student’s t data
Example 6: Bayesian hierarchical linear regression — Gibbs Sampler
Example 7: Bayesian hierarchical Beta-Binomial regression
Example 8: Zero-inflated Poisson data
HMC & STAN — Nonlinear regression illustration (R script + STAN script)
HMC & STAN — AR(1) model with Student’s t errors
HMC & STAN — GARCH(1,1) model with Student’s t errors
HMC & STAN — SV-AR(1) model with Gaussian or Student’s t errors
Factor analysis (data)
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LECTURE NOTES

PART I: Bayesian ingredients

e Basic Bayes

e  Exchangeability

e  Principles of data reduction

e  More on estimators

e  Decision theory (Nuisance parameters + travel insurance example)

e Introducédo a Teoria da Deciséo — by Victor Fossaluza (IME-USP)

e James-Stein estimator (from C.P.Robert’s The Bayesian Choice, 2nd edition)
e  Bayesian model criticism (pages 1-6 & 32-34)

Additional reading material:

e  Gamerman and Lopes (2006) - Chapter 2 - Compact, but easy to read.

e  Migon, Gamerman and Louzada (2014) - Chapters 2 to 4 - Classical and Bayesian inference.
e Gelman et al. (2013) - Chapters 1 and 2 - Application-oriented.

e  Berger (1985) - Chapter 4 (Sections 4.1-4.4) - More technical.

e  Parmigiani and Inoue (2009) Decision Theory: Principles and Approaches (Table of contentes)
e van de Schoot et al. Bayesian statistics and modelling. Nat Rev Methods Primers, 1 (2021).

e Discussion about p-values

PART II: Bayesian Computation

e  Monte Carlo (MC) methods

. Markov chain: a brief review

e  Markov chain Monte Carlo (MCMC) algorithms

e MC and MCMC: Key References

e  More on Bayesian model criticism

e  Hamiltonian Monte Carlo: A toy example

e  Stan/rstan for posterior inference: Hamiltonian MC (HMC) methods
e Banana shaped bivariate target: MH vs HMC

e  Bayesian hierarchical modeling — the Beta-Binomial case

PART Illl: Bayesian Learning
1. Modeling with mixtures of distributions
o  Finite mixture of distributions
Univariate mixture of normals: MCMC and EM algorithms
Multivariate mixture of distributions
AR(1) model with Markov Switching intercept
Linear regression with mixture of normal errors
How Many Data Clusters Are in the Galaxy Data Set? + The telescope sampling

OO0 O0OO0O0

2. Fundamentos de Aprendizagem Estatistica + R code + MC exercise

3. Multiple linear regression: selection, shrinkage, sparsity

Motorcycle example

Slides from the 2015 School of Time Series and Econometrics tutorial

Hahn, He and Lopes (2018) Gaussian linear regression with arbitrary sparsity + slides of a talk
R package bayesim

Fava and Lopes (2021) The illusion of the illusion of sparsity + slides of a talk + UFPE webinar
van Erp et al. (2019) Shrinkage priors for Bayesian penalized regression, JMP, 89, 31-50.
Michael Betancourt’s Bayes Sparse Regression (stan/rstan example)

O O0OO0OO0OO0OO0OO0

4. Classification: logistic regression and discriminant analysis
o  Sparse logistic regression for the spam/ham dataset (data)

o Marketing campaigns of a Portuguese banking institution (data)
o  Sparse logistic regression: comparison of regularization and Bayesian implementations
o Gelman et al. (2008) A weakly informative default prior distribution for logistic and other regression
models, AOAS, 2(4), 1360-1383.
o Polson et al. (2013) Bayesian Inference for logistic models using Pélya-Gamma latent variables, JASA, 108,

1339-1349.
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5. Multivariate models and dimension reduction

e Bayesian factor analysis (BFA)

e BFAin R: a simple illustration (additional routines)

e  Factor models: an annotated bibliography (Lopes, 2003) + review chapter (Lopes, 2014)
e  Principal components analysis (PCA), PCA-based and FA-based regressions

e  Probabilistic PCA + Rcode + data

6. Classification and regression trees (CART)
e Machine Learning course by Paulo Orenstein from IMPA.
e  Chapter 12 and Chapter 13 are about Tree-based methods.
e  Chapter 15 and Chapter 16 are about Deep learning.

7. Bayesian CART

8. Bootstrap aggregating (bagging)
e  Bootstrap illustration
o  CART step-by-step for the Boston housing data
e  CART for the motorcycle data

9. Bayesian additive regression trees (BART)
e Example 1: ICU data: CART, BART and random forest (R code)
e Example 2: Stock and Watson’s (2002) macro data (data)
e  More examples: Four BART applications & 2 reviews + cute CART trees and 3D plots
e  More recent references

10. Latent Dirichlet Allocation (LDA)
e  Twitter + BBC + Dickens, Wells, Verne or Austen? + The cat in the hat by Dr. Seuss

11. Neural Networks

Complementary material to PART Il
e  Boosting (weak/stronger learners)
e Random forests
e  Bayesian instrumental variables
e  General linear and hierarchical models
e Limited dependent variable models
e  Spatial models
e P.Richard Hahn’s top 25 books on Statistics, Causal Inference, Statistical Computing, Machine Learning and
Data Science
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