Exercises 
(Lecture 4)

Part 1.  Review Exercises
1.  Explain, without using any equation or mathematical notation, the difference between AR, MA and ARMA processes.

2.  Consider the following three models that a researcher suggests might be a reasonable model of stock market prices.


yt = yt-1 + ut

yt = 0.5yt-1 + ut

yt = 0.8yt-1 + ut
(a) What classes of models are these examples of?

(b) What would the autocorrelation function for each of these processes look like?  Provide a rough shape of ACFs.

(c) Which model is more likely to represent stock market prices form a theoretical perspective, and why?  

(d) By making a series of successive substitutions or from your knowledge of the behaviour of these types of processes, consider the extent of persistence of shocks in the series in each case.

3.  A researcher is trying to determine the appropriate order of an ARMA model to describe some actual data with 200 observations.  She has obtained the following results.  What is the optimal model order?
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4. You have estimated the following ARMA(1,1) model for some time series data



yt = 0.036 + 0.69yt-1 + 0.42ut-1 + ut


Suppose that you have data for time to T-1, i.e., you know that yT-1 = 3.4,   eq \O(u,^)t-1 = -1.3.

(a)  Obtain forecasts for the series y for times T, T+1, T+2, using the estimated ARMA model.

(b)  If the actual values for the series turned out to be -0.032, 0.961, 0.203, for T, T+1, T+2, calculate the (out-of-sample) MSE.

Part 2.  Practical Applications

Q. 1.  The file entitled US.PRN contains quarterly values of the U.S. GDP85 from 1960:1 to 1991:4.  
(a) Plot the data against time and obtain ACF, PACF and Q-statistics.  Does the series appear to be stationary?  (Note that the series would be non-stationary when the ACFs decay slowly.)

(b) You must have concluded that the series appears non-stationary.  To make it stationary, first difference the logged series and call it as GDP_FD: GDP_FD = log(GDP85)t = log(GDP85)t - log(GDP85)t-1 

Then, plot this detrended data against time and obtain ACF, PACF and Q-statistics.  Does the series appear to be stationary?  Does the series appear to be a white noise process?
(c) Construct the AIC table using different values of p and q from 0 to 4, and identify the best ARMA(p,q) model.  Then, provide the estimation result of the best ARMA model.
Then, provide diagnostic check-ups for the the residuals of the model you estimated by examining the ACF, PACF and Q-statistics.  Does the residual series appear to be a white noise process?
(d) Obtain the out-of-sample forecasts of the next 10 quarters using the estimated ARMA model.

Q. 2.   Repeat Q. 1, using the data, TBILL, contained in the same file, US.PRN.
Part 3.  Technical Details

1.  Determine if each of the following time series is stationary.

(a) yt + 0.2 yt-1 – 0.48yt-2 = ut
(b) yt + 1.8 yt-1 + 0.81yt-2 = ut
(c) yt - 0.6 yt-2 = ut  + 1.2ut-1
(d) 
  yt = 0.2yt-1 + 0.35yt-2 + ut
(e)   yt = 1.2yt-1 +  ut
(f)   yt = ut + 0.2 ut-1 + 0.35ut-2
(g)   yt = 0.2yt-1 + ut  + 0.2 ut-1 + 0.35ut-2
2.  Find the ACF ((s), for s = 0, 1, 2, 3, of each of the following models.

(a) yt  = ut  + 0.5ut-1

(b) yt  = ut  + 0.25ut-1  + 0.5ut-2

(c) yt  = 0.4 yt-1 + ut  
(d) yt - 0.6 yt-1 = ut  + 0.4ut-1
3. Find the MA( representation, j=1,2,3, for each of the models in Q. 2 and the corresponding impulse response function.
