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µ ttgt o.ztt to 3tt z is an MAC model

The auto covariance of an MA 2 model

Yt Mt Et Q.tt 02 ft at lags I and

2 are
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The autocorrelation function ACF is
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inserting 0 0.7 and 02 0.3 gives

4 112 0.58

412120.19
is consistent with ACF plot Bl

The ACF plot BI
indicates that observations

I lag apart are negatively correlated

This is consistent with time series plot

A2 where observations one lag apart

tend to be more often than not on

the opposite side of Ely

M2 Y Jett 0.96 1
0.56 2

is

also an MAC model

with O 0.9 and 02 0.5

using the formulas above

p 1 20.66

412120.24
consistent with ACF plot B2

This ACF plot indicates
a positive correlation

up to two lags which is consistent



with Time series plot AJ which shows

a moderately positive autocorrelation

M3 y 0.35 0.939 tf is an AR 1

which has an exponentially decaying

ACF consistent with ACF plot 133

There is a significant autocorrelation even

for large K consistent with time series

plot Al where for a long stretch the

process
is below the Ely 5

Recall Ely I s É
S

in stationery ARG model

Ansari
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ProblemI
a ARIMA 112,1

1 6,13111 B y d 111 0,13 Et

b ARIMA 0,212

1 Bly 8 11 O B O B t

c ARIMA 1,1 1 X 1,1 2 with 5 4

I t yB 1 4,13 1 B l B y 8 11 0 yB 9,8138 1 0,13

Problent
Suppose that

s Oo t d X t dz Xt z t d Xt z tht

with y Marketing spending at time t

X s sales at time t

Y and x are weakly dependent
and stationery

a This is a finite distributed lag
model

of order 3 Note that do 0

For consistency Tsl TS need to be

fulfilled TSI is fulfilled by assumption



752 trivially fulfilled since x varies

We need to add 753

E t Xt Xt z Xt O i.e

contemporeconous exogencity

It t is serially correlated does not

change consistency results

b The immediate change in y after a unit temporary

increase of X at time t is do hence 10 do million

However do O so no immediate change

The change in y two periods after a unit temporary
4

dz hence 20 dzmillion
increase of X at time t is

d The cumulative effect on y 2 time periods atte

a unit permanent increase of x at time t

is dotdied So for 5 million units

5 dot d 182
518 dz do o million

e It the permanent increase is I unit then

this is the LRP dad died d dads

For 10 million units told dad million



Prglengi exponential smoothing

I s A y l d Gt I T l 9

The process in Figure 3 is

Y Pott t t Ey E ird ELE O

Since ELI pots T Idly by 4.171in Mok

From Figure 3 B 0 and since bad I

ECT Ao tf T so simple exponential

smoothing is biased downwards underestimates

the process

b using the equations
for double exponential

with 1 0.6 for 7 6,7 8,9
smoothing

5 s dy ell d Jt

it ist a ily
with 5 21.47 and 5,11 20.67

we get

stiff

It 21.7728 23.00304 24.49478 25.56334



It 25 5th is unbiased for

the underlying linear process

Thus rounded to 2 decimals

ii

It T It t fi T

B 5th y 26.27571 25.56334

1.068555

Itt T 26.99 1.068555 28.05855

Actual observation 410 25.6

Zelative forecast error one step ahead forecast

re 11 1 1019 100

254
05855 100 E 9.6



d Holt's method predicts

Stax
t Lt Tt'T

where the smoothing equations

are

9 y
l o Lte I

I 8 Le Lt 111 8 Tt

Smooth the values for t l 4

first four years of detail

With 0 0.5 8 0.6 Lo 16,7 1.2

we get

L 0.5 17 11 0.51116
1.21 17

T s 0.6 17.1 16 11 0.6 1.2 1.14

22 18.67

T2 1.398

19.884

T 1.2876



and at t y

Ly 20.9358

Ty 1.4612

The one step ahead
forecast for 2014

5,14 s Ly t Th 1 22 12

and one step ahead forecast
error

es 1 s y 9,141 22.4 22.08192

808

two step ahead forecast for 2015

9614
s Ly Ty 2 23.2 2 804

and two step ahead
forecast error

ey
2 y 56147 23.2 23.22804

2804



I
4 M Or tt z tu ft y 05 t 5

with tf iid Eff o aid V16 r

a Compute 2 k s Coulbtistik
Ks 1,2 D Y 5

l Lou by Gt ai

s or M 02 tt z Get y 05 t 5

M Oz.tt I Gutt G Et y

t iid Coultests so set

Oy o co let y tt n

K 2 Cor 9 17 12

s or M 02 tt z Get y 05 t 5

M Oz tt 04 tt z G Et 3

t iid Coultests so set

Oz tu Corl tt z tt z



K 3 Cov 9 17 13

s or M 02 tt z Get y 05 t 5

M Oz ttt Gutt G Et z

t iid Coultests O set

02 05 Cov Et z tt z

K 4 Cor 9 17 14

s or M 02 tt z Get y 05 t 5

M Oz.tt Ou't G Et 1

t iid Coultests O set

L
K 5 Cor 9 17 5

s or M 02 tt z Get y 05 t 5

M G Ets Gutt 11 G Et

t iid Coultests O set

L



For the autocorrelation note

that pyl k eylk Lyte
since y is stationery MA always

stationery

Moreover

ye V On tt z G E y 05 tt 5

It iid OiV tt z ttivltt.tt Vltt.s

r 03 05 05

Thus

É it
and

4,131
i l



b The optimal it that

minimises

E Lyte Stal

is Ste Elba It

i e the conditional expectation

of ya given the information

set It when t 15 we get

Ypg M 02 fly Oy tiz 05 t

hence

E bio Iis

Elm g ti Ortiz 05 ti Ics
Terodonsive I s

s M 02 fly Oy t
z 05 ti



S inserting the values given in the text

2 f 0.2 0.5 0.4.0.2 0.4 1.05

1.4

i e

5 1
1.9 for t 15


