TIME SERIES

Contents

Syllabus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii Books . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii Keywords . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

1 Models for time series 1 1.1 Time series data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.2 Trend, seasonality, cycles and residuals . . . . . . . . . . . . . . . . . 1 1.3 Stationary processes . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.4 Autoregressive processes . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.5 Moving average processes . . . . . . . . . . . . . . . . . . . . . . . . . 3 1.6 White noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1.7 The turning point test . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Models of stationary processes 5 2.1 Purely indeterministic processes . . . . . . . . . . . . . . . . . . . . . 5 2.2 ARMA processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2.3 ARIMA processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 2.4 Estimation of the autocovariance function . . . . . . . . . . . . . . . 6 2.5 Identifying a MA(q) process . . . . . . . . . . . . . . . . . . . . . . . 7 2.6 Identifying an AR(p) process . . . . . . . . . . . . . . . . . . . . . . . 7 2.7 Distributions of the ACF and PACF . . . . . . . . . . . . . . . . . . 8

3 Spectral methods 9 3.1 The discrete Fourier transform . . . . . . . . . . . . . . . . . . . . . . 9 3.2 The spectral density . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 3.3 Analysing the effects of smoothing . . . . . . . . . . . . . . . . . . . . 12

4 Estimation of the spectrum 13 4.1 The periodogram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 4.2 Distribution of spectral estimates . . . . . . . . . . . . . . . . . . . . 15 4.3 The fast Fourier transform . . . . . . . . . . . . . . . . . . . . . . . . 16

5 Linear filters 17 5.1 The Filter Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 5.2 Application to autoregressive processes . . . . . . . . . . . . . . . . . 17 5.3 Application to moving average processes . . . . . . . . . . . . . . . . 18 5.4 The general linear process . . . . . . . . . . . . . . . . . . . . . . . . 19

5.5 Filters and ARMA processes . . . . . . . . . . . . . . . . . . . . . . . 20 5.6 Calculating autocovariances in ARMA models . . . . . . . . . . . . . 20

6 Estimation of trend and seasonality 21 6.1 Moving averages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 6.2 Centred moving averages . . . . . . . . . . . . . . . . . . . . . . . . . 22 6.3 The Slutzky-Yule effect . . . . . . . . . . . . . . . . . . . . . . . . . . 22 6.4 Exponential smoothing . . . . . . . . . . . . . . . . . . . . . . . . . . 23 6.5 Calculation of seasonal indices . . . . . . . . . . . . . . . . . . . . . . 24

7 Fitting ARIMA models 25 7.1 The Box-Jenkins procedure . . . . . . . . . . . . . . . . . . . . . . . 25 7.2 Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 7.3 Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 7.4 Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 7.5 Tests for white noise . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 7.6 Forecasting with ARMA models . . . . . . . . . . . . . . . . . . . . . 28

8 State space models 29 8.1 Models with unobserved states . . . . . . . . . . . . . . . . . . . . . . 29 8.2 The Kalman filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 8.3 Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 8.4 Parameter estimation revisited . . . . . . . . . . . . . . . . . . . . . . 32

Syllabus

Time series analysis refers to problems in which observations are collected at regular time intervals and there are correlations among successive observations. Applications cover virtually all areas of Statistics but some of the most important include economic and financial time series, and many areas of environmental or ecological data.

In this course, I shall cover some of the most important methods for dealing with these problems. In the case of time series, these include the basic definitions of autocorrelations etc., then time-domain model fitting including autoregressive and moving average processes, spectral methods, and some discussion of the effect of time series correlations on other kinds of statistical inference, such as the estimation of means and regression coefficients.

Books

1. P.J. Brockwell and R.A. Davis, Time Series: Theory and Methods, Springer Series in Statistics (1986).

2. C. Chatfield, The Analysis of Time Series: Theory and Practice, Chapman and Hall (1975). Good general introduction, especially for those completely new to time series.

3. P.J. Diggle, Time Series: A Biostatistical Introduction, Oxford University Press (1990).

4. M. Kendall, Time Series, Charles Griffin (1976).

Keywords

ACF, 2 Akaike’s AIC, 26 AR(p), 2 ARIMA(p, d, q), 6 ARMA(p, q), 5 autocorrelation function, 2 autocovariance function, 2, 5 autoregressive integrated moving average process, 6 autoregressive moving average process, 5 autoregressive process, 2

backshift operator, 17 Box-Jenkins, 25 Box–Pierce, 27

centred average of fours, 22 centred-moving average, 22 classical decomposition, 1 correlogram, 6

estimation, 25

fast Fourier transform, 16 filter generating function, 17 Fourier frequencies, 13

Gaussian process, 5 general linear process, 19

identifiability, 19 identification, 25 invertible process, 4

Kalman filter updating equations, 31

Levinson-Durbin recursion, 7, 25 linear filter, 12

MA(q), 3 moving average process, 3

nonnegative definite sequence, 6

PACF, 8 periodogram, 14 purely-indeterministic, 5

sample partial autocorrelation coefficient, 8 second order stationary, 2 simple exponential smoothing, 23 Slutzky-Yule effect, 22 spectral density function, 10 spectral distribution function, 9 state space model, 5 strictly stationary, 1 strongly stationary, 1 symmetric moving average, 21

transfer function, 12, 17 turning point test, 4

variate difference method, 22 verification, 27

weakly stationary, 2 white noise, 4, 10

Yule-Walker equations, 3, 25