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FIRST YEAR, SECOND SEMESTER EXAMINATION FOR THE DEGREE OF MASTER OF 
SCIENCE IN APPLIED STATISTICS AND POST GRADUATE DIPLOMA IN APPLIED 

STATISTICS 
 

SMS 5129 –TIME SERIES ANALYSIS 
 

DATE: JANUARY 2020           TIME: 3 HOURS 

INSTRUCTIONS:  Answer question one and any other three questions.  
 

QUESTION ONE (30 MARKS) 

a) If ���� and ���� are uncorrelated stationary processes with autocovariance functions ���. 
 
and ���. 
and spectral distribution functions ���w
 and ����
, respectively, show 
that the process #� $ %� & '� as stationary with auto covariance function  () $ (� &
(� and spectral distribution function �)�w
 $ ����
& ���w
  �5 Marks
 

b) Let �� be a stationary time series. Define '� $ ∇%/ & σ, where ∇ is the first difference 

and 1is a constant drift term. 

(i) Find the autocovariance function of '� in terms of the autocovariance function of 

%�.         (4 Marks) 

(ii)  Find the spectral density function of '� in terms of the spectral density function of 

%�.         (5 Marks) 

(iii)  Define 2� $ ∇'/, then find the autocovariance function of 2� in terms of the 

autocovariance function of %�.     (5 Marks) 

(iv) Find the spectral density function of 2� in terms of the spectral density function of 

%�.         (3 Marks) 

c) Consider a linear filter defined as
θ

11 −+ ++
= ttt

t

xxx
y where %� is a stationary process and 

3 4 0 is a constant scalling parameter. 
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(i) What is the impulse response function     (2 Marks) 

(ii)  Find the frequency response function     (3 Marks) 

(iii)  Write down the power spectrum of '�in terms of the power spectrum of %� 

(3 Marks) 

QUESTION TWO (20 MARKS) 

a) Consider the sequence %� $ #�#�67 & #�68where #� are iid random variables with mean 0 

and variance 1)9. 

(i) Compute [ ]ntt xxE + for h $ 0, 1, 3     (4 Marks) 

(ii)  Is the sequence %� stationary? Why      (2 Marks) 

b) Consider the linear process given by; 


∞

=
−+=

0

2 )(
j

jt
jj

t zx φφ  where |∅|< 1 and #� are iid random variables with mean 0 and 

variance 1)9, write the formula for ℓ��10
, correlation at lay 10.  (6 Marks) 

c) Consider  a stationary process ttttt zxxxx +++= −−− 332211 φφφ where #� are iid random 

variable, with mean0 and variance 1)9. 

(i) Apply the Yulen-walker procedure to obtain >?%?@7   (4 Marks) 

(ii)   Compute the corresponding MSPEn(1)    (4 Marks) 

QUESTION THREE (20 MARKS) 

a) Consider a stationary AR(2) model ttttt zxxxx +++= −−− 332211 φφφ where #� are iid 

normal random variables with mean zero ℓ variance 1)9. Assume ∅7 is unknown. 

(i)  Derive M.L.E for ∅9       (4 Marks) 
(ii)   Derive M.L.E for 1)9       (4 Marks) 

b) Given a AR(1) time series with the following ACF  Autocorrelations of series vartex by 
lay  
0 1 2 3 4 5 6 7 8 9 10 
1.00 0.645 0.457 0.339 0.256 0.220 0.236 0.198 0.213 0.166 0.145 
> length (Data) 
[1]  250 
>mean (Data); var (data) 
[1] -0.3000234 1.727568 
>Data[252] 
[1] – 1.396673 
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(i)   Find the Yule-walker estimates of ∅ and 1)9    (3 Marks) 

(ii)  Compute 95% confidence interval for ∅ (#A.A9B $ 1.96
  (3 Marks) 

(iii)  Predict the 25ut-value        (2 Marks) 
(iv)  What is the mean square error of the prediction in (iii)   (2 Marks) 

(v) What is the estimated value of covariance at lag 7 i.e 
~

xγ (7)  (2 Marks)  

QUESTION FOUR (20 MARKS) 

a) Consider the sequence −−=−−−= −
=

− ,2,1,2
10

0

2
1

22 tzzzy jt
j

tt
j

t φ where #� are independent 

standard normal random variables compute[ ]2
tYE    (5 Marks) 

b) Given ARCH (1)  process 1
22 9.01.0 −+== tttt xtzx σσ where #�are iid with mean 0 and 

variance 1 
(i) Is the model stationary? Why ?    (2 Marks) 
(ii)  Calculate E (%�
      (4 Marks) 

(iii)  Calculate Var (%�
      (3 Marks) 

(iv) Assume further that #� are normal. Calculate E[%�67%EF] (6 Marks) 

QUESTION FIVE (20 MARKS) 

Assume that #� $ �#�7, #�9
 is an iid sequence of random vector, with the mean vector 0 and the 

covariance matrix Σ $ H 1 0.5
0.5 2 J.  Define the bivariate linear process by; 

1−+= ttt zzx ψ  where 







=

11

01
ψ . Find ⌈0, and ⌈−1, where ⌈h, is the covariance matrix function 

of the bivariate time series %�.       (20 Marks) 


