
Financial Time Series: Project 1
Term 2, 2019-20, Yi Yu (yi.yu.2@warwick.ac.uk)

1. Find a time series data set and plot it. Discuss what you observe. (1 mark)

2. Use the classical decomposition model to estimate and eliminate the potential trend and seasonality.
Explain the method you use, include the code and plot different components. Discuss the decomposition
according to the background knowledge of the data set you choose. (5 marks)

3. Test and discuss the unit roots of the residual sequence. (2 marks)

4. Plot and discuss the autocorrelation function of the residual sequences. (2 marks)

5. Fit the residual sequence using an ARMA model. You need to at least fit three different ARMA models
and choose the one. Justify your choice. (10 marks)

(Below will not be marked and will be discussed in lectures.)

1. Let {Yt} be a stationary process with mean zero and let a and b be constants.

(a) If Xt = a + bt + st + Yt where st is a seasonal component with period 12, show that ∇∇12Xt =
(1−B)(1−B12)Xt is stationary.

(b) If Xt = (a+ bt)st+Yt where st is again a seasonal component with period 12, show that ∇2
12Xt =

(1−B12)(1−B12)Xt is stationary.

2. Let Xt = a+ bt+ Yt, where {Yt, t = 0,±1, . . .} is an independent and identically distributed sequence
of random variables with mean 0 and variance σ2, and a and b are constants. Define

Wt = (2q + 1)−1

q!

j=−q

Xt+j .

Compute the mean and autocovariance function of {Wt}. Notice that although {Wt} is not stationary,
its autocovariance function γ(t+h, t) = Cov(Wt+h,Wt) does not depend on t. Plot the autocorrelation
function ρ(h) = Corr(Wt+h,Wt). Discuss your results in relation to the smoothing of a time series.

3. Suppose that {Xt} and {Yt} are two zero-mean stationary processes with the same autocovariance
function and that {Yt} is an ARMA(p, q) process. Show that {Xt} must also be an ARMA(p, q)
process.

4. Generate n = 500 observations from the ARMA model given by

xt = 0.9xt−1 + wt − 0.9wt−1, wt
iid∼ N (0, 1).

Plot the data, compute their sample ACF and fit an ARMA(1,1) model to them. What happened and
how do you explain the results?
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