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INSTRUCTIONS

1. Answer ALL Questions from SECTION A and THREE Questions from
SECTION B.

2. Calculators may be used.

3. Statistical tables are provided.



SECTION A  [52 Marks ]

Answer ALL Questions from this section
a) Explain clearly each of the following terms as used in time series
analysis:
1) Weakly stationary time series
11} Random walk
i) Purely random process
iv ) Stochastic process
v ) Autocorrelation function [ 5 marks ]
b) Let X, =pZ +4Z_,+5Z_, + . . . + pZ_, beamoving average

process of order ¢ and {Z,} a purely random process with mean zero and

variance o?.

Determine : i) the mean of X,. [ 2 marks ]
i1) the variance of X, . [ 4 marks ]
ii1) the autocovariance function of X,. [ 4 marks ]

c¢) Giventhat x,x, . . ., X areobserved data from a time series

process and that X (n, k)is the forecast made at time » with
lead time & for that process.

If X(n, 1)=24X,+4X,_ + LX ,+ .
where 2, = £ (1- ) i=0,1,2 3, .
0<p<1
Show that X (n, 1) gives an infinite number of past observations for
the process. [ 4 marks ]



d) A stationary stochastic time series model X () has a constant mean g,
variance ¢”, acv.f. (1), and ac.f. p(4). Show that:

1) its ac.f. is an even function. [ 4 marks]

i)y |p(a)] <1 [ 6 marks ]

e) An autoregressive process of order one is represented by the model
X =aX_ +Z,
Show that the even form of its autocorrelation is given by
p(k) = oM k=0, £1, 2, .
[ 6 marks ]

f)  The two expressions below both describe a time series model.

A: X =Z + aZ_

i) Identify the model described by the two expressions above.
[ 2 marks ]

i1) Explain the difference between the two models in relation to your
answer in part (i) above. [ 5 marks ]

g) The Box-Jenkins forecast model using the v weights is given by
Xn-:-.‘: = Zu+k + len+k-1+ W?.Zrﬁsz +

Use the equation to determine the forecast error variance for the model.
[ 5 marks ]



h) A SARIMA model (1, 0, 0) (0, 1, 1), is given by the expression:
X, =Xt a(X:—l +X:-ls) + Z 607, ,

If X,, is known, what would be the forecast for X (n+1, 1)?

n+l

[ 5 marks ]

SECTION B [52 Marks |

Answer THREE Questions from this section

QUESTION TWO [16 Marks |

a) Define the following processes:
1) A moving average process of orderq . [ 1 mark ]
11)  Autoregressive process of order p. [ 1 mark ]

1ii)  Use one of the processes mentioned above to derive the Yule-
Walker equations. [ 6 marks ]

b) An observed autoregressive time series process is given by the
equation

X =X

H 1

1
-1 gX:—z + Z,

1) Is this process stationary ? [ 4 marks ]

1) What is its autocorrelation function ? [ 4 marks |



QUESTION THREE [16 Marks ]

a) If z, and 7, are roots of an observed autoregressive time series
equation of order 2, AR(2) given by

Y ’ —qy-a; = 0
i) Show the solution for the roots of the equation if |7z | <1 [4 marks]

ii) Sketch stationary region satisfied by the solution in part (i) above.
[ 5 marks ]

b) A general solution of an AR process of order P is given by:
lel

py=Aal +az8 +Aal + . L +aL

Consider the constants 4, and 4, of its real quadratic roots given by the
equation in part i(a) above (i.e. y'—ay—a, =0).

Express the values of 4, and 4, interms of «,, &, 7, and 7,.
[ Hint: solvefor k=0 and k=1] [ 7 marks ]

QUESTION FOUR [ 16 Marks ]

a) i) A mixed ARMA model time series process is given by the
equation below :

Xr = ale—l + azX:-z o : -t apXr—p + Z.' +ﬂlZ:—1 +ﬁZZ:—2 +
. +BZ,,

Use the backward shift operator B to express the equation above

in terms of ¢(B) and 6(B)which are polynomials of order p and ¢

respectively. [ 4 marks ]



ii) Hence express the ARMA model as separate pure MA and
pure AR processes. [ 4 marks ]

b) Determine the  weights and the 7 weights of the ARMA (1, 1) process
given by:

X = 06X_ +2Z —-04Z [ 8 marks ]

QUESTION FIVE [ 16 Marks ]

a) State the Wold decomposition theorem and how it is applied to time
[ 5 marks ]

series.

b) Consider a mixed stochastic model of the form
X, = cos(wy +6) +Z,

(0, x)and @ isarandom variable uniformly distributed

where @ 1s a constant in

on (0, 2r), and {Z} a purely random process with mean zero and variance o?.

i) What is its acv.f ? [ 4 marks ]

il)  What is its overall spectral distribution function? [ 7 marks ]
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