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Overview

This is replication package for the paper "Forecasting Recessions in Canada: An
Autoregressive Probit Model Approach" by Antoine Poulin-Moore and Kerem Tuzcuoglu
published in the Canadian Journal of Economics.

Data availability and provenance statement:

Statement about rights

We certify that the authors of the manuscript have legitimate access and permission to use
the data contained in this manuscript. In addition, the authors have the permission to
redistribute the data contained in this replication package.

Summary of Availability

All data is made publicly available, with the exception of the US PMI data.

Details on each Data Source

This section cites all the data used in the paper. The three citations below refer to publicly
available data sources cited directly in the manuscript and provided in the replication
package in the file: “data/references.xlsx”:

e Statistics Canada. "Gross Domestic Product, Expenditure-Based, Canada,
Quarterly." Table 36-10-0104-01.

e Statistics Canada. "International Merchandise Trade for All Countries and by
Principal Trading Partners, Monthly (x 1,000,000)." Table 12-10-0011-01.

e Statistics Canada. “Gross domestic product (GDP) at basic prices, by industry,
inactive (x 1,000,000)”. Table 36-10-0401-01 .

The table below contains the variables used in the variable selection section of the paper
and are contained in the replication package in the file “data/dataset_1973_yoy.xlsx” , with
the exception of the US PMI data.

Variables Sources

Recession dates C.D. Howe Institute (2021)

Canadian Sahm rule Sahm (2019); Statistics Canada Labour Force Survey
Housing starts Canada Mortgage and Housing Corporation (CMHC)
Railway carloadings Statistics Canada and Bank of Canada calculations




Building permits

Statistics Canada and Bank of Canada calculations

Composite leading indicator

OECD

M1 Bank of Canada
Exchange rate Federal Reserve Board
S&P/TSX Composite Index S&P

Bond yield spread

Bank of Canada

Drilling rigs

Baker Hughes and Bank of Canada calculations

Goods exports

Statistics Canada and Bank of Canada calculations

Goods imports

Statistics Canada and Bank of Canada calculations

BCPI (and sub-indices)

Bank of Canada

CFNAI

Federal Reserve Bank of Chicago

US industrial production

Federal Reserve Board

US employment

Bureau of Labor Statistics

World exports

IMF

US PMI

ISM

Computational requirements

The analysis was performed using R 4.3.3 (R Core Team, 2024) on an Apple MacBook Pro
(M3 Pro chip, 12 cores, 36 GB RAM) running macQOS. A C++ compiler is required for inline
compilation via the Rcpp package (e.g., Rtools on Windows, Xcode Command Line Tools
on macOS, or gcc on Linux).

The following R packages are required and are automatically installed by the setup.R script:

e combinat (Chasalow, 2012)

e doParallel (Microsoft Corporation and Weston, 2022)
e dplyr (Wickham et al., 2023)

e dyn (Grothendieck, 2018)

e foreach (Microsoft Corporation and Weston, 2022)
e ggplot2 (Wickham, 2016)

e glm2 (Marschner, 2011)

e gt(lannone etal., 2024)

e lubridate (Grolemund and Wickham, 2011)

e mvtnorm (Genz and Bretz, 2009)

e openxlsx (Schauberger and Walker, 2023)

e pROC (Robinetal., 2011)

e Rcpp (Eddelbuettel and Francgois, 2011)

e ROCR (Sing et al., 2005)

e scoring (Merkle and Steyvers, 2013)

e tidyr (Wickham et al., 2023)



e tinytex (Xie, 2024)

e tsbox (Sax, 2021)

e tsDyn (Stigler, 2019)

e withr (Hester et al., 2024)
e  WriteXLS (Schwartz, 2024)
e xtable (Dahletal., 2019)

Controlled randomness: A random seed (set.seed(1509)) is set at the beginning of all
estimation scripts to ensure full reproducibility of results. But even without the seed, the
results will not be materially affected.

Approximate run times (Apple MacBook Pro, M3 Pro, 12 cores, 36 GB RAM):

Script Approximate time
model_selection/step1 (AR, all horizons) ~11 minutes
model_selection/step1 (STA, all horizons) ~5 minutes
model_selection/step2 <1 second

model_selection/step3-4 (AR, all horizons) ~ 30 hours

model_selection/step3-4 (STA, all horizons) | ~11 hours

scripts/empirical_analysis.R ~1 minute
scripts/turning_points.R <1 second
scripts/hn_models.R ~1 minute
scripts/empirical_analysis_pcl.R ~12 hours
scripts/mcmc.R ~1 minute
scripts/empirical_analysis_excovid.R ~1 minute

The model selection scripts (step1, step3-4) use parallel processing (connected to 12
cores) via the doParallel package and are the most computationally intensive components.
Run times scale approximately linearly with the number of available processor cores.
Replicators may significantly reduce computation time by decreasing the number of
candidate variables (select_best_vars parameter in step3-4) or the maximum lag length
(max_lags parameter in step1). Approximate storage space needed: <250MB (including all
output files generated during replication).

Replications of tables and figures

Table 1
Description: Recessions in Canada between 1973 and 2022
Script: NA
Data: data/Recession_Chronology_0.xlsx

Table 2



Description: Rankings of explanatory variables by POS forecasting performance
Script: model_selection/step2_single_variable_ordering.R

Table 3
Description: Pseudo-out-of-sample performance, by forecast horizon
Script: scripts/empirical_analysis.R
Data: data/dataset_1973_yoy.xlsx

Table 4
Description: POS turning points identification leads and lags, by forecast horizon
Script: scripts/turning_points.R
Data: data/dataset_1973_yoy.xlsx

Table 5
Description: In-sample regression results, 1-month ahead predicted values
Script: scripts/empirical_analysis.R
Data: data/dataset_1973_yoy.xlsx

Table 6
Description: In-sample performance comparison, 1-month ahead predicted values
Script: scripts/empirical_analysis.R
Data: data/dataset_1973_yoy.xlsx
Table 7
Description: In-sample regression estimates comparison of MCL and MCMC
methods
Script: NA
Data: results/mcmc_results.xlsx
Table 8
Description: In-sample performance comparison of MCL and MCMC methods
Script: NA
Data: results/mcmc_results.xlsx
Table 9
Description: In-sample regression results, 1-month-ahead predicted values
(excluding COVID-19)
Script: scripts/empirical_analysis_excovid.R
Data: data/dataset_1973_yoy_excovid.xlsx
Table 10
Description: POS performance, by forecast horizon (excluding COVID-19)
Script: scripts/empirical_analysis_excovid.R
Data: data/dataset_1973_yoy_excovid.xlsx



Table 11
Description: Models’ POS performance, comparison to the literature
Script: scripts/hn_models.R
Data: data/dataset_1973_yoy.xlsx
Table A1
Description: List of potential explanatory variables
Script: NA
Data: NA
Table A2
Description: Explanatory variables selection for the AR and ST models, by forecast
horizons
Script: step3-4_multiple_variables_performance.R
Data: optimal_models_fpr10.xlsx

Table A3
Description: POS performance by forecast horizon, MCL versus PCL estimates
Script: scripts/empirical_analysis_pcl.R
Data: data/dataset_1973_yoy.xlsx

Table A4
Description: In-sample performance, by forecast horizon
Script: scripts/empirical_analysis.R
Data: data/dataset_1973_yoy.xlsx
Table A5
Description: In-sample performance, by forecast horizons (excluding COVID-19)
Script: scripts/empirical_analysis_excovid.R
Data: data/dataset_1973_yoy_excovid.xlsx

Figure 1
Description: POS probability forecasts, by forecast horizon
Script: scripts/empirical_analysis.R
Data: data/dataset_1973_yoy.xlsx

Figure 2
Description: In-sample predicted probabilities, by estimation method
Script: scripts/mcmc.R
Data: results/mcmc_results.xlsx



Figure A1
Description: Canadian version of the Sahm rule
Script: NA
Data: data/sahm.xlsx

Instructions to Replicators

1. Setting up the environment

e Setthe working directory in each script to the root of the replication_package folder
on your machine. In each R script, this is indicated by the line:
setwd("~/path/to/replication_package")

e Replace this path with the actual location of the replication_package folder on your
system (e.g., setwd("C:/Users/yourname/replication_package") on Windows, or
setwd("/Users/yourname/replication_package") on macQOS).

e Run scripts/setup.R first to install and load all required packages. This script is also
automatically sourced at the beginning of every other script.

2. Script execution order

Scripts must be run in the following order, as later scripts depend on outputs generated by
earlier ones:

Phase 1: Model Selection
(a) model_selection/step1_single_variable_performance.R

e Evaluates single-variable probit models for all forecast horizons.

e Must be run twice: once with model_selected = "AR" and once with

e model_selected ="STA" (change at line ~43 of the script).

e Produces: data_ordered_FPRfixed10_[AR/STA]_best_oos_variables_h[H].xlsx

(b) model_selection/step2_single_variable_ordering.R

e Creates rankings of single-variable models.

e Requires output from step1 for both AR and STA models.

e Produces:
Table_oos_FPRfixed10_[AR/STA]_ordering_single_variables_all_horizons.xlsx

(c) model_selection/step3-4_multiple_variables_performance.R

e Evaluates multi-variable probit models for all forecast horizons.
e Must be run twice: once with model_selected ="AR" and once with



e model_selected ="STA" (change at line ~42 of the script).
e Requires output from step1.
e Produces: optimal model specifications used in the empirical analysis.

Phase 2: Empirical Analysis
(d) scripts/empirical_analysis.R

e Mainresults (Tables 3, 5, 6, A4; Figure 1).
e Requires: model_selection/optimal_models_fpr10.xlsx (provided).
e Produces: .RData files in results/ folder (needed by turning_points.R).

(e) scripts/turning_points.R

e Turning point analysis (Table 4).
e Requires: .RData files produced by empirical_analysis.R.

(f) scripts/empirical_analysis_excovid.R

e Robustness test excluding COVID-19 (Tables 9, 10, A5).
e Requires: model_selection/optimal_models_fpr10_excovid.xlsx (provided).

(g) scripts/empirical_analysis_pcl.R

e Pairwise composite likelihood estimation (Table A3).
e Computationally intensive (~12 hours).

(h) scripts/hn_models.R
e Replication of Hao and Ng (2011) models (Table 11).
(i) scripts/mcmc.R

e MCMC comparison chart (Figure 2).
e Requires: results/mcmc_results.xlsx (provided).

3. Scripts not producing generated output (utility scripts)
The following scripts are sourced by the main scripts and should not be run independently:

e scripts/setup.R: Installs and loads all required R packages.
e scripts/utils.R: Defines estimation functions, forecasting functions, and

performance metric functions used throughout the analysis.

4. Switching between AR and STA models



In step1_single_variable_performance.R and step3-4_multiple_variables_performance.R,
the model type is controlled by the variable model_selected. To switch:

e For AR Probit model: model_selected = "AR"
e For Static Probit model: model_selected = "STA"

Each script must be run separately for each model type.
5. Notes

e Allscripts produce output to the figures/ and results/ directories within the
replication_package folder. These directories are created automatically.

e Tables 1, 7, 8, A1, and Figure A1 do not require script execution; they are based
directly on data files provided in the package.
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