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“Time series analysis and its application” by Shumway & Stoffer or/and 
“Time series analysis” by Cryer and Chan, Information Sheet, 
Calculator. 

A=19-20 points 

B=16-18 points 

C=13-15 points 

D=11-12 points 

E=9-10 points 

F=0-8 points 

Give motivated answers to the questions. If an answer is not motivated, the points are reduced.  
 

 

1. For time series 𝑋𝑋 = (𝑥𝑥1, . . 𝑥𝑥5) = (2,4,−2,6,10), compute a sample autocorrelation 𝜌𝜌�2 (2p) 
2. Assume that 𝑥𝑥𝑡𝑡 and 𝑦𝑦𝑡𝑡 are two uncorrelated AR(1) processes with mean zero, 𝜎𝜎𝑤𝑤2 = 1, and 𝜙𝜙 = 0.2 for 

process 𝑥𝑥𝑡𝑡 and 𝜙𝜙 = 0.5 for process 𝑦𝑦𝑡𝑡. Consider 𝑧𝑧𝑡𝑡 = 𝑥𝑥𝑡𝑡 + 0.3𝑦𝑦𝑡𝑡. Is 𝑧𝑧𝑡𝑡 stationary? Compute its 
autocovariance function (2p) 

3. Determine ARMA orders for a stationary process 𝑥𝑥𝑡𝑡 = 2 − 0.5𝑥𝑥𝑡𝑡−1 + 𝑤𝑤𝑡𝑡 + 0.1𝑤𝑤𝑡𝑡−1. Use this 
information to compute ACF values for this process (you don’t need to derive ACF formula yourself). 
Make also a long-range forecast, i.e. find out the limiting prediction value 𝑥𝑥�𝑛𝑛+𝑚𝑚 when 𝑚𝑚 → ∞. (2p) 

4. Check the invertibility and causality of the following process and determine its orders in 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑝𝑝, 𝑑𝑑, 𝑞𝑞) × (𝑃𝑃,𝐷𝐷,𝑄𝑄)𝑠𝑠 notation (3p): 

a. 𝑥𝑥𝑡𝑡 = 𝑥𝑥𝑡𝑡−1 + 2𝑥𝑥𝑡𝑡−4 − 2𝑥𝑥𝑡𝑡−5 + 𝑤𝑤𝑡𝑡 − 0.3𝑤𝑤𝑡𝑡−1 − 0.1𝑤𝑤𝑡𝑡−2 
5. Estimate coefficients of the AR(2) process using Yule-Walker equations by using information about the 

following autocorrelations: 𝜌𝜌�(1) = 0.6, 𝜌𝜌�(2) = 0.2 and write down the estimated model equation.(2p) 



6. For the AR(2) model with estimated parameters 𝜙𝜙1 = 0.8, 𝜙𝜙2 = −0.5,𝜇𝜇 = 5 and 𝜎𝜎𝑤𝑤2 = 1, compute a 
95% prediction interval for the two-step-ahead forecast, i.e. the interval for 𝑥𝑥�𝑛𝑛+2𝑛𝑛 . Assume that 𝑥𝑥𝑛𝑛 = 6, 
 𝑥𝑥𝑛𝑛−1 = 8. (3p) 

7. Write down an equation of 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(0,1,1) × (2,0,0)6 and determine which 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑝𝑝,𝑑𝑑, 𝑞𝑞) model it 
may correspond to. (1p) 

8. Look at the figures below and determine which ARIMA model of the following models is the most 
suitable: ARIMA(0,0,6), ARIMA(1,0,1), ARIMA(7,0,5). Motivate your answer. (1p) 

  

 
 

9. Look at the figure below and determine which GARCH models of the following models is the most 
suitable: GARCH(1,2), GARCH(2,1), GARCH(2,2) . Motivate your answer. (1p) 



 
 

10. After applying a seasonal differencing with period 𝑠𝑠 = 12 to data series 𝑥𝑥𝑡𝑡, an ARIMA model was fit to 
the resulting data 𝑦𝑦𝑡𝑡 = ∇12𝑥𝑥𝑡𝑡 and the following output was obtained. By using this output, write down 
the equation of the estimated model in terms of 𝑥𝑥𝑡𝑡 and investigate whether the model is reducible or 
not.  Present the final model equation (if reducible, fix this problem first). The final equation should not 
contain backshift operators. (2p) 

 
 

11. Determine the sine and the cosine amplitudes of the frequency 𝑤𝑤 = 0.1 by knowing that 𝑛𝑛 = 100 and 

looking at the following output of the Discrete Fourier Transform 𝑑𝑑 �𝑗𝑗
𝑛𝑛
�   (1p): 
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