ECO 664: TIME SERIES AND FORECASTING
Spring 2025

Instructor:  Prof. Stephen Holland
	E-mail: sphollan@uncg.edu
	Office Hours: By appointment 

Course Description: This course provides a thorough introduction to core concepts and techniques in the quantitative forecasting of time series. Students will learn how to approach the forecasting process, collect and analyze data, implement a variety of forecasting methods, evaluate forecast performance, and communicate forecast results.  A key focus of the course will be using the R statistical software to implement these techniques with real world data.  

Course Materials: 
· Forecasting: Principles and Practice by Rob Hyndman and George Athanasopoulos is the primary course text. It is available for free online at https://otexts.com/fpp2/. 
· R is a free, open-source statistical software that will be used throughout the course, it can be downloaded at  http://archive.linux.duke.edu/cran/ (also available through UNCG Citrix Receiver).
· RStudio provides a user-friendly environment and can be downloaded for free at: https://www.rstudio.com/products/rstudio/download/ (also available through UNCG Citrix Receiver).

Course Objectives: 
By the end of this course, students will be able to:
· Articulate the forecasting process and express its value to experts and non-experts.
· Evaluate accuracy of forecasts.
· Identify and implement benchmark and principal forecasting methods. 
· Communicate forecast results.
Secondary goal:
· Develop proficiency in R.

Grade Composition:
There will be weekly quizzes and assignments in R and a comprehensive final project. The final course grade is determined as follows:
	30%: Quizzes
	30%: Weekly Assignments
	40%: Final Project


This rubric will be applied to the total points earned in the class to determine your course grade:
A     94%–100%
A–   90%–93%
B+   87%–89%
B      84%–86%
B–   80%–83%
C+   77%–79%
C      74%–76%
C–    70%–73%
D+   67%–69%
D      64%–66%
D–   60%–63%
F       below 60%

Course Structure:  The first 12 weeks of the course will consist of one module a week. Each module will include a quiz and an assignment in R. The weekly quiz and assignments will be available from 12:01 am Monday morning until 11:59 pm Sunday evening. To receive credit, the quiz and assignment must be submitted in Canvas by 11:59 pm on Sunday evening. This is a hard deadline – extensions and make-ups are not allowed. At the end of the semester, the lowest quiz grade and lowest assignment grade will be dropped and will not count towards your final grade.  The final three weeks of the course will be centered around a comprehensive final project that will integrate material from the first 12 weeks. 
 
Quizzes:  Quizzes will contain multiple-choice, written response, true/false, and calculation questions. Each quiz is worth 100 points. There will be one quiz a week (one per module) for the first 12 weeks of the course. Each week’s quiz will open at 12:01 am Monday morning and close at 11:59 pm Sunday evening. Extensions and make-ups are not allowed, however your lowest quiz grade will be dropped at the end of the semester. 

Assignments:  Assignments will ask you to implement the methods covered in a module using real world data in the R statistical software. Each assignment is worth 100 points. There will be one assignment a week (one per module) for the first 12 weeks of the course. Each week’s assignment will open at 12:01 am Monday morning and close at 11:59 pm Sunday evening. Extensions and make-ups are not allowed, however your lowest assignment grade will be dropped at the end of the semester.

Final Project:  The last three weeks of the course will be centered around your final project. Your final project will involve applying a detailed forecasting process to a time series of your choice. At the end of the project, you will submit two items: a technical report documenting each step of your forecasting process, and a non-technical video presentation summarizing the key points. The overall final project grade is determined as follows:

	5%: Proposal
	5%: Group Feedback
	20%: Video Presentation
70%: Written Report
Academic Integrity:  Students are expected to know and abide by the UNCG Academic Integrity Policy. Violations will be pursued in accordance with the Policy. Bryan School Faculty and Student Guidelines can be found at https://bryan.uncg.edu/wp-content/uploads/2017/08/faculty-and-student-guidelines-2018.pdf. 

Course Outline:
The course has five units. The first four units we will cover one module a week, with three modules per unit. The fifth unit, consisting of the last three weeks (weeks 13, 14, and 15), will be spent working on the final project.

Unit 1 – Approaching Forecasting
	Week 1 
	Module 1: Getting Started
· Recognize when quantitative forecasting is appropriate
· Identify the three classes of quantitative forecasting models
· Articulate the five-step forecasting process
· Load and produce descriptive statistics of a time series in R


	Week 2 
	Module 2: Time Series Graphics 
· Identify the three main time series patterns.
· Recognize the six types of time series plots.
· Explain what autocorrelation and white noise are.
· Use the six types of plots in R to understand the patterns of a time series.


	Week 3
	Module 3: The Forecaster’s Toolbox 
· Identify four simple benchmark forecasting methods.
· Explain when to use four general classes of transformations and adjustments.
· Use residual diagnostics to determine if a forecasting model has captured all available information in a time series.
· Understand how and why to partition a series into training data and test data.
· Be able to calculate and interpret four measures of forecast accuracy: MAE, RMSE, MAPE, and MASE.
· Understand how prediction intervals measure the uncertainty of point forecasts.





Unit 2 – Basic Forecasting Methods
	Week 4 
	Module 4: Judgmental Forecasts 
· List three settings in which judgmental forecasting is used.
· Identify five key principles for judgmental forecasting. 
· Explain how the Delphi method, forecasting by analogy, and scenario forecasting can be implemented.
· Apply judgmental adjustments to statistical forecasts.


	Week 5 
	Module 5: Time Series Regression Models 
· Review linear models and least squares estimation.
· Evaluate regression models via plots of the residuals.
· Identify and justify appropriate predictor variables.
· Produce forecasts using regression models.
· Understand the difference between correlation and causation, and the relation of each to forecasting.


	Week 6
	Module 6: Time Series Decomposition 
· Identify the three components of a time series. 
· Estimate trend-cycle components with moving averages.
· Explain the classical decomposition method and its limitations.
· Implement the X11, SEATS, and STL decomposition methods.
· Construct forecasts using time series decomposition. 





Unit 3 – Principal Forecast Methods
	Week 7 
	Module 7: Exponential Smoothing 
· Implement simple exponential smoothing methods, trend methods, and the Holt-Winters seasonal method.
· Differentiate exponential smoothing methods from innovations space state models.
· Articulate how innovations state space models underlie exponential smoothing methods.
· Use a variety of functions in R to generate forecasts using exponential smoothing methods.


	Week 8 
	Module 8: ARIMA Models 
· Use differencing to transform a non-stationary time series.
· Differentiate between autoregressive models and moving average models.
· Integrate differencing, autoregressive models, and moving average models into an ARIMA model.
· Implement the ARIMA modelling procedure.
· Identify the relationship between ARIMA models and exponential smoothing models.
· Generate ARIMA forecasts in R using the Arima() and auto.arima() functions.


	Week 9
	Module 9: Dynamic Regression Models 
· Extend ARIMA models to include external predictor variables, including lagged predictors.
· Use the Arima() and auto.arima()functions in R to fit a regression model with ARIMA errors.
· Construct forecasts from dynamic regression models.
· Differentiate between stochastic and deterministic trends.
· Implement dynamic harmonic regression for series with long seasonal periods (large m).


Unit 4 – Further Issues in Forecasting
	Week 10 
	Module 10: Forecasting Hierarchical or Grouped Time Series 
· Identify when hierarchical and grouped time series are appropriate.
· Differentiate between the aggregation structures of hierarchical and grouped time series.
· Construct coherent forecasts using the bottom-up, top-down, and middle-out approaches.
· Generate hierarchical and grouped time series in R using the hts() and gts() functions.


	Week 11
	Module 11: Advanced Forecasting Methods 
· Incorporate complex seasonality in high frequency data.
· Capture feedback relationships between a collection of variables using vector autoregressions.
· Forecast time series using neural network models.
· Use bootstrapping to better account for uncertainty and to construct bagged forecasts.


	Week 12
	Module 12: Some Practical Forecasting Issues 
· Incorporate complex seasonality in high frequency data.
· Capture feedback relationships between a collection of variables using vector autoregressions.
· Forecast time series using neural network models.
· Use bootstrapping to better account for uncertainty and to construct bagged forecasts.





Unit 5 - Final Project
	Week 13
	Final Project: Part 1
· Complete the forecasting process through Step 4a.


	Week 14
	Final Project: Part 2
· Complete the forecasting process. 


	Week 15
	Final Project: Part 3
· Communicate your forecasts through a written technical report and a non-technical video presentation.




