SS 222C: Econometrics
California Institute of Technology
Spring 2006

Professor: Tae-Hwy Lee (Email: tlee@hss.caltech.edu; Phone 626-395-3531; 104 Baxter)
Lecture: MW 2:30-3:55 p.m., 210 Baxter

Office Hours: By appointment or open door if available

Secretary: Patricia Hamad (Phone 396-3586, 112 Baxter)

Course Description: The course covers the basic methods and theory of modern time series econometrics
while it is also intended to provide a foundation for applied research. The goal of the course is that the
student acquires knowledge of the relevant concepts necessary to be able to understand the empirical and
theoretical econometric literature as exposed in the leading journals. The course deals with the analysis
of, univariate and multivariate, stationary and non-stationary, and linear and nonlinear, time series models.
Topics such as forecasting, unit roots, VAR, cointegration, ARCH, bootstrap theory, quantiles, will also be
covered. More advanced time series econometrics will be treated in SS223C (Spring 2006). The substantive
applications in the course will draw from macroeconomics and finance. All the topics covered in the course
are relevant to empirical applications. Prerequisites: SS222A and SS222B.

Grading: There will be 8 weekly homework sets, a take-home mid-term exam, and a take-home final exam
with the following valuations in terms of your final grade: Homework (60%), Mid-term (20%), and Final
(20%).

In order to pass the course (i.e., C or higher), all homework assignments as well as the mid-term and the
final must be completed with a grade of at least 50%. In short, no skipping any homework assignment or
exam.

The 8 homework sets will be based on material covered during the week either in lectures or in the reading
assignment. Homework sets will have both analytical and computational problems. The computational
problems will involve either simulation exercises or exercises involving analysis of real data sets. Weight of
each homework set (to be indicated) may vary according to the length and difficulty.

The mid-term exam will be based on material from the first half of the course. The mid-term will take
place during the official Caltech Midterm Examination Period (April 26-May 2). The exam will be handed
out on Wednesday, April 26, 2006, 4 pm, after class, and must be returned to me (or under my door) by 10
am, Monday, May 1. You may take as much time as you wish to complete the exam (i.e., not timed). I will
try to have the exams graded and returned on Wednesday, May 3 at the beginning of class.

The final exam will be based on material from the entire course, but will emphasize material covered
in the second half of the class. The final will take place during the official Caltech Final Examinations for
Graduate Students (May 31-June 2). You can pick up the exam from my mailbox after 10 am, Wednesday
May 31, 2006. I will also email you the final exam in pdf, at 10 am, the same day. The exam must be
returned to me (or under my door) by 5 pm Friday June 2. Again, you may take as much time as you want
for the exam. Your graded final will be returned to you in your mailboxes in envelops or you can pick up
from me in my office by appointment in the following week.

Collaboration Policy: You may collaborate on the homework sets. However, you must write up your own
solutions. No copying. You are on your own for the mid-term and final exams. No collaboration on exams.

Course Outline: This course covers various issues in analysis of weakly dependent time series processes,
nonstationary time series, nonlinear models, volatility, quantiles, and forecasting. The course contains
essentially three parts. The first concerns the standard theory of stationary stochastic processes. This
includes the characterization and estimation in the time domain as well as the frequency domain (spectral
analysis). Also covered are vector autoregressive models including the analysis of causality and variance
decomposition. We also highlight the importance of the concept of the spectral density function at the
zero frequency. The second part of the course concerns the analysis of nonstationary data. We start



with some basic concepts for continuous time processes to introduce the Wiener process. We take a close
look at the asymptotic distribution theory in the leading case of an AR(1) model and especially the case
with an autoregressive unit root. Tests related to unit root processes are discussed. We also discuss the
characterization, estimation and tests in cointegrated systems, including the problem of the decomposition
of a time series in common permanent and idiosyncratic temporary components. The third part of the
course concerns the recently developed topics such as forecasting, specification, testing, and estimation of
nonlinear time series models and their diagnostic checking, volatility modeling, estimation and forecasting
of the conditional quantile, and bootstrap for time series.

1. Stationary Time Series I

(a) Introduction to the theory of time series: Definitions of stationarity, Autocorelations and auto-
covariances, Wold decomposition theorem, Autocovariance generating function, Autoregressive
moving-average models, Invertibility, Autocovariance functions

(b) Building linear time series models: Identification, Diagnostic checking, Model selection and infor-
mation criteria

(c) Estimation of ARMA models: Limiting distribution of the sample mean and the autocovariances,
Estimation of autoregressive models, Estimation of moving-average models, Asymptotic results
(weak and strong laws of large numbers, central limit theorems) for dependent processes and
Martingale difference series

(d) Forecasting: Using ARMA models

(e) Spectral analysis: Spectral density function for stationary stochastic processes, Filters, Spectral
density function at frequency zero, Estimation, HAC and Robust standard errors for the linear
model estimated by OLS and for GMM estimators

(f) Vector autoregressive processes: Causality, Impulse response, Variance decomposition
2. Non-stationary Time Series

(a) Unit root: Trends, Wiener process, Functional central limit theorem, Testing for a unit root,
Asymptotic distributions, Dickey-Fuller tests, Phillips-Perron tests

(b) Cointegration: Granger representation, Error correction model, Tests for cointegration, Estima-
tion of models with cointegration, Results for static OLS regressions, Asymptotically optimal
single equation methods, Asymptotically optimal full system methods, Permanent and transitory
components in economic time series

3. Stationary Time Series I1
(a) Conditional Variance: ARCH, GARCH, Testing, Estimation, QML, Consistency, Asymptotic

distribution, Forecasting, Multivariate models

(b) Forecasting: Tests for accuracy of forecasts, Forecast comparisons, Forecast combination, Density
forecasts, Large model and parameter reduction methods

(c) Nonlinear time series models: Testing, Estimation, Diagnostics, Forecasting



REFERENCES

The primary textbooks are Hamilton (1994) and Granger and Newbold (1986). The later sections of the
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