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Time Series Analysis: Report saasignment
Submit at least one of the following practice course and the quiz course assinments.

Submission deadline: June 8

Submission method: by e-mail
Send e-mail to  kitagawa@mi.u-tokyo.ac.jp
Make the subject ”time series analysis report”.

Practice course

Although it is recommended to analyze data using R, it may be analysed by other software or by your
own methods. In addition, using the following Web Decomp web-cite, you can obtain the analysis results of
your data on the Web site without installing software etc.

1. Acquire time series data suitable for the purpose of analysis concerning the events of which you are
interested.
(a) What kind of events were you interested in?
(b) When acquiring data, what perspective do you think about analyzing the event

Note: If appropriate data can not be found at the present time, data used in the lecture tentatively or
sample data of Web-Decomp (below) may be used.

2. Make the graph the acquired data and consider its characteristics and whether the preprocessing is
necessary.
(a) To raise the characteristics of acquired data.
(b) Consider whether the data can be said to be steady
(¢) When it is difficult to think that it is stationary, apply preprocessing for (nearly) stationarization

3. About the stationarize data

(a) Compute and plot the graph of autocorrelation function

(b) Compute and plot the power spectrum (or periodogram) of the series
(¢) Obtain AIC best ATR model.

(d) What was found from (a) - (¢)?

4. In order to acquire useful information from the time series, consider what kind of model analysis should
be done in the future.

5. In addition, if you have voluntarily conducted analysis, you may write it.

® How to use R

e Regarding the installation site etc. of R, it is described on page 11 of the 1st lecture material (search by
”time series analysis lecture material”). (For a more detailed explanation of the installation method,
search with the key phrase such as ”Statistical free software” R ”for example)

e Almost all calculations related to the analysis methods and models explained in the lecture can be
executed by the TSSS package. Of course, it is necessary to install the T'SSS package beforehand.
http://jasp.ism.ac.jp/ism/TSSS/

@ Computation by Web Decomp
If you would like to get results more quickly and easily without installing a software, please visit the
Web Decomp site below. If you paste the data on the Web cite, it calculates on the server and returns the
numerical result and the graphs.
http://ssnt.ism.ac.jp/inets/inets.html



Quiz course

1. Autocovariance function :

(a) If autocovariance function Cy > 0,k = 0,1, ..., L holds for fairly large L, what does it mean?

(b) (Also related to the estimation of the AR model). Since the autocovariance matrix is an even
function, in the case of univariate, show that the forward AR model and the backward AR model
are identical.

2. Power spectrum :  In time series analysis, observation is usually performed at regular intervals, so
it is impossible to accurately grasp movement with a period faster than that period, and if data is
observed in unit time, the frequency —1/2 leqfThespectrumisobtainedonlyintherangeof leql/2. As
a result, fluctuations of the period quicker than f = 1/2 appear as motion of the position folded back
at 1/2 (called aliasing).

Explain the phenomenon that the wheel or propeller rotating at high speed in a movie or video looks
slowly rotating or rotating in reverse, from the viewpoint of aliasing. It may be an intuitive explanation
using the figure.

3. Information criteria: ~Consider a normal distribution model with f(y|u, 0?) = (527)/2 exp {—(y — p)?/20%},

2mwo2

0= (u,0°)", p3 = El(y — p)*], pa = El(y — p)*],

(a) Obtain %logf(t|9), 5= log f(t]6), a%logf(t\ﬁ), ﬁlog f(¢)6), ﬁlogf(ﬂﬁ) .
(b) Obtain the (2x) Fisher information matrix I(6).

(c) Obtain the (2x) e matrix xpected HessianJ(6).

(d) Culcurate tr{I(6)J(0)~1}.

(e) When does AIC and TIC agree on this model?

4. Stationary time series model: AR (1) model y,, = ay,—1+v, is a kind of Markov process. For general
AR (m) model: y, = Z;’;l @;Yn—j, +Vn, show that it can also be expressed as a Markov process.

5. For ARMA(2,1) model y,, = a1yn—_1 + a2yn—2 + vy — b1vy_1,v, ~ N(0,02?),

(a) Compute the impulse responses gg, g1, g2, 9g3-

(b) Obtain the 1-step, 2-stem and 3-step ahead prediction error variances of the ARMA model.
6. Stationarity of AR model :

(a) Plot the stationary region of the AR(2) model y,, = a1yn—1 + a2yn—2 + v, using a; as horizontal
axis and ao as Vertical axis.

(b) Classify the stationary region into two sub-regions on which the characteristic equation has two
real roots and two complex roots, respectively,



