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Chapter Ten: Time Series Analysis

When you completed this chapter, you will be able to:

understand the components of the classical time series model;

apply Linear Regression Model tofit linear trend,;

use Moving Average and Exponential Smoothing to fit non-linear trend;

comprehend the importance of deciding the moving average interval and smoothing coefficient;
forecast using Linear Regression, Moving Average and Exponential Smoothing;

use Moving Average Method to decompose the seasonal factors of atime series;

understand the applications and limitations of various methods in forecasting.

NN N NN

Reference(s): Mason Chapter 18, Berenson Chapter 19, Owen Chapter 6 and 7.
Exercise(s): Seminars 23, 24 and 25, Mason Chapter 18 Exercises 1, 7, 9, 27.

Many type of business, economic and scientific data are observations on a variable usualy
a equidistant point in time A data set of thistypeis caled atime series, and the variable
iscaled atime-series variable.

eg.l thedaly reading of Hang Sang Index,
the weekly sdes of automobiles,
the monthly starts in new housing congtruction.

Definition

Time Seriesis a sequence of datavauesfor avariable Y, Yo, ..., Yy that are separated by
equal timeintervals. Y; is the notation for the value of the time series at timet.

The andyss of atime seriesis done ultimately for the purpose of forecasting. We think
that past and present obser vations of atime series variable may be used to forecast its
futurevalue.

Componentsof a Time Series

Time Series analyssis a complicated topic, and there is a diversity of opinion asto how
anadysis should be performed.

The most accepted approachesis to view atime series as a compostion of four
components:

1 Trend / Secular Trend / Long Term Trend
2. Seasond Variation

3. Cycdlicd Vaiation

4 Irregular Variation
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1. Trend/ Secular Trend/Long Term Trend

Trend isthe underlying movement in a series of figures over atime period. It isthe long-
term movements of the seriesthat can be characterised by steady or only dlightly varied

rate of change.

eg.2 atimeseriesof the price of housing might vary upward and downward over short
intervas of time, but would trend gradually upward because of long term inflation.

Trends can be represented by straight lines ( when the data, in figure 1, have a steady rate
of change) or by smooth curve (when rate of change of the data , in figure 2, isslightly

varied).

140

Figure 1. Time seriesfor the data with steady rate of change
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The datain figure 1 could show the sales of persond insurance policies that have become

more popular.

Figure 2. Time series for the data with slightly varied rate of

change
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The dataiin figure 2 shows possibly represent sales of dectric ovens, now largdly replaced
by the more popular microwave ovens.
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2. Seasonal Variations

Thisistheregular pattern in atime seriesthat occurs again and again in the same months
or quarters.

eg.3

fud ail consumption risesin the winter and falsin the summer.

Asther name indicates, seasond variationsin atime series are those variations that occur
rather predictably at a particular time each year repeatedly year after year. Seasona
variations can be found in data recorded at intervals of less than a year; quarterly, monthly
or weekly data might well indicate variaions of thistype.

Sales (in millions’

Figure 3. Time series of data with seasonal variations
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3. Cyclical Variations

These are movements in atime series that, like seasona variations, are recurrent but that,
unlike seasona variaions, occur in cycles of longer than one year.

eg4 Themos common example of cyclicd fluctuaion isthe busness cycle. Over time,
there are years when the business cycle hits a peak above the trend line. At other
times, business activity islikely to dump, hitting alow point below the trend line.
The time between hitting pesks or faling to low pointsis a least one year, and it
can be as many as 15 or 20 years, or even more.

Thetime seriesin the figure 4 below is an annud series that shows cydlicd variation in the
number of housing sartsin the U.S. from 1969 through 1994.

Figure 4. Time series for the data with cyclical variations
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Cyclesare not constant in amplitude and duration, and this lack of regular pattern makes
their future occurrence difficult to predict.

Cyclicd variations are often caused by general economic conditions, Gover nment policy
changes, or shift in consumer tastes and purchasing habits
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4. 1rregular Variations/ Unexplained Variations

In many dtuations, the vaue of avariable may be completey unpredictable, changingin
arandom manner. Irregular variations describe such movements. Essentidly, they are the
leftover movements in the time series when trend, seasond variations, and cyclicdl
variations have been identified. Irregular variations cannot be predicted by using
historical data, and they are not periodic in nature. They are caused by such factors as
changes in wegther, wars, strikes, government legidation and eections.

eg.5 apaticular harsh winter will cause avariation in crop production and fud oil
usage.

All of these unusud changes would be called irregular variations. One can often determine
the causes of irregular variations that are large.
The following figure, figure 5, shows the time series of the U.S. imports of handguns for

private use from 1963 to 1982. The high figuresin the 1966- 1968 period correspond to a
period of urban violence and political assassinations.

Figure 5. Time series for data with irregular variations
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Time series models usudly fal into one of two categories, depending on whether their
components are expressed as sums or products. The first oneis caled Additive model,

assumes that the value of y; equals the sum of the four components.

Additivemodel : yi=T +S+C +1

By assuming that the components of atime series are additive, we are, in effect, assuming
that these components are independent of one another. Thus, for example, trend cannot
affect neither seasond nor cyclica variation, nor can these components affect trend.

The other mgjor type of relationship between the components expresses y; in the form

Multiplicative model : yt=TxSxCx |

A modd of thisform assumes that the four components are rel ated to one another.

Time Series
Components of a Time Series
Trend
Seasonal
Cyclical
0 N t } t T T T T T T T T
C-10F 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
-20
Period (in half year)
Reasonsfor studying trends
1 The study of trends allows us to describe a historical pattern. There are many

instances when we can use a past trend to eval uate the success of a pervious policy.

e0.6 anuniverdty may evauate the effectiveness of recruiting program by examining

Its past enrolment trends.
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2.

eg.7

Pollution

Sudy of trend permits us to project past patterns, or trends, into the future.
Knowledge of the past can tell usagreat deal about the future.

examining the growth rate of the world's population can help usto estimate the
population for some future time, such that planning for education, medicd,
trangportation, and etc, can be done.

In many stuations, sudying the secular trend of atime seriesallows usto
eliminate the trend component from the series. This makesit easer for usto study
the remaining three components of the time series.

if we want to determine the seasond variaion in ski sdes, diminating the trend
component gives us a more accurate idea of the seasona component.

The increases of pollutants in the environment follows an upward doping curve
gmilar to thet in figure 6.

Another common example of curvilinear rdaionship isthe life cycle of anew
business product, illustrated in figure 7. When a new product is introduced, its
sdesvolumeislow. Asthe product gains recognition and success, unit sales grow
a an increasingly rapid rate. After the product isfirmly established, its unit sdes
grow a agablerate. Findly, asthe product reaches the end of itslife cycle, unit's

sales begin to decrease.

Figure 6. Trend of pollution Figure 7. Typical product life
increase cycle
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Secular trend of atime series can be determined by using the smoothing techniques:
Regression (for linear trend), Moving Aver ageand Exponential Smoothing (both for

curved trend)

Fitting thelinear trend line by the L east Squares M ethod

We can describe the general trend of many time series using a sraight line. But we are

faced with the problem of finding the best-fitting line.

Equation for adraight line: Y =mX +c¢

where misthe slope, and c is the y-intercept of the straight line.

So the equation for the best-fitting line should be in form of:

Y =a+bX

where: Y isthe esimated value of the dependent variable
X isthe independent variable ( time in trend andysis)
aisthe Y-intercept (thevalueof Y when X =0)

b isthe dope of thetrend line

And we can use the least squares method to determine the value of aand b,

b_é XY - nXY
a X2 - nX2
a=Y - bX

where: Y representsthe values of the dependent variable
X represents the vaues of the independent variable
Y isthe mean of the values of the dependent variable

X is the mean of the values of the independent varigble

nisthe number of data point in the time series

aisthe Y-intercept
bisthedope
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e0.10 Given the data st

Year 1983 1984 1985 | 1986 1987 1988 | 1989

S.ales. : 100 120 130 150 150 170 180
(in millions)

find the equation of the begt-fitting line.

X Y XY X*
1983 100 198300 3932289
1984 120 238080 3936256
1985 130 258050 3940225
1986 150 297900 3944196
1987 150 298050 3948169
1988 170 337960 3952144
1989 180 358020 3956121
13902 1000 1986360 27609400

a Xy - nXy
a X’ -nX
~1986360- 7(13902/ 7)(1000/ 7) _ 360
27609400 - 7(13902/7)2 28
=12.8571

a=VY - bX

= (1000/7) - 12.8571 (13902/7)
=-25391.4289

therefore, the best-fitting equation is : Y = - 25391.4289 +12.8571X

Tranglating or Coding Time

Suppose our time series consists of only three points, 1986, 1987 and 1988. If we had to
place these numbers into equations ©® and @, wewould find the resultant calculations
tedious. Fortunately, we can convert these traditional measures of time to aform that
samplifies the computation, we called this process coding.

We can transform the values 1986, 1987, and 1988 into corresponding values of -1, 0, and
1, where O represents the mean (1987), - 1 represents the first year (1986 - 1987 = -1), and
1 represents the last year (1988 - 1987 = 1).

We need to consider two cases when we are coding time values. Thefirg isatime series
with an odd number of elements. The second is atime series with an even number of
elements.
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1. Thetime sarieswith an odd number of elements
X X-X Coded Time
1983 1983 - 1986 = -3
1984 1984 - 1986 = -2
1985 1985 - 1986 = -1
1986 1986 - 1986 = 0
1987 1987 - 1986 = 1
1988 1988 - 1986 = 2
1989 1989 - 1986 = 3
aX =13902
X=4&aX/n
= 13902/7= 1986
2. Thetime sarieswith an even number of elements
X X-X (X-X)x2 Coded Time
1984 1984 - 1986.5 -25x2 = -5
1985 1985 - 1986.5 -15x2 = -3
1986 1986 - 1986.5 -05x2 = -1
1987 1987 - 1986.5 05x2 = 1
1988 1988 - 1986.5 15x2 = 3
1989 1989 - 1986.5 25x2 = 5
ax =11919
X =4&aX/n
= 11919/6 = 1986.5
Therearetwo reasonsfor thistranslation of time:
Fird, it eliminates the need to square numbers as large as 1983, 1984, and so on.
Second, this method also sets the mean year, X, equal to zero and allows usto
equations ® and @,
a Xy - nXy
b=5—1— e @
a X’ -nX
_axy-my {X (the coded variable) substitute for X,
a x?- nx’ and x substitute for X}
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o _
a xy - n(0)(Y) -
= replace Xby 0
é X2 _ n(oz) { q) }
[¢]
xY
p=2C ®
a X
a=Y-bX e @
a=Y - bx { Xsubdtituted for X}
a=Y - b0 { replace X by 0}
a=Y | e @
eg.ll Giventhedaas :
Y ear 1983 1984 1985 1986 1987 1988 1989
Sdes . 100 120 130 150 150 170 180
(inmillions)
find the equation of the bet-fitting line.
X X - X Coded Time(x) Y xY X
1983 1983 - 1986 = -3 100 -300 9
1984 1984 - 1986 = -2 120 -240 4
1985 1985- 1986 = -1 130 -130 1
1986 1986 - 1986 = 0 150 0 0
1987 1987 - 1986 = 1 150 150 1
1988 1988 - 1986 = 2 170 340 4
1989 1989 - 1986 = 3 180 540 9
a =13902 1000 360 28
X =&X/n
=13902/7
=1986
¢}
xY
el — ®
a X
=360/ 28
=12.8571
a= Y e @
=1000/7
= 142.8571

therefore, the equation is Y =142.8571 + 12.8571 X
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Forecasts based on the regression equation:
Suppose we want to forecast the salesin 1990. To make a prediction, we must first
translate 1990 into a coded variable x by subtracting the mean year, 1986:
x=X-X
= 1990 - 1986
=4
thisvaue, x = 4, is then subgtituted into the equation
Y =142.8571 + 12.8571 (4)
= 194.2855 (millions)
the forecast salesin 1990 is 194.2855 millions.
Figure 8. Time series and trend line for the sales data
220
o 2007 Liad |
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80 t t t t t t t
1983 1984 1985 1986 1987 1988 1989 1990 1991
Year
ClassExercise 1
Given atime series.
Y ear 1987 | 1988 1989 1990 | 1991 | 1992
Sdes (in *000) 23 34 52 65 78 90

determine the equation of the best fitting line, using coded time, and hence to forecast the

salesin 1993 and 1994.
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Fitting the curved trend line by the Moving Average

Some time series may haveirregular or random fluctuation to the extent that trends are
difficult describe. In such cases it may be easer to estimate the movement of the time
siesif the effects of these fluctuations are removed from the data

Methods for removing these effects are usudly referred to as smoothing techniques. The
most commonly used smoothing techniqueis cdled as Methods of Moving Average.

A moving averageis actudly a series of average, where each average is the mean value of
the time series over afixed interva of time, and where al possible average of thistime
length are included in the andysis.

eg.12 Giventhepast 20 years annud sdesof the EVI Co.

t (year) 1 2 3 4 5 6 7 8 9 10
Sales(inmillions) | 5 20 28 18 4 31 54 26 49 72

t (year) 1 12 13 14 15 16 17 18 19 20
Sales(inmillions)| 86 91 66 77 100 111 8 52 96 101

Sales 3 period 5 period

t (year) (in millions) Moving Average Moving Average

1 5 - -

2 20 (5+20+28)/3 = 17.66 -

3 28 (20+28+18)/3 = 22 (5+20+28+18+44)/5 = 23

4 18 30 (20+28+18+44+31)/5 = 28.2

5 44 31 35

6 31 43 34.6

7 54 37 40.8

8 26 43 46.4

9 49 49 574

10 72 69 64.8

11 86 83 72.8

12 91 81 78.4

13 66 78 84

14 77 81 89

15 100 96 88

16 111 99 85.2

17 86 83 (100+111+86+52+96)/5 = 89

18 52 (86+52+96)/3 = 78  (111+86+52+96+101)/5 = 89.2

19 96 (52+96+101)/3 = 83 -

20 101 - -
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Figure 9. Time series and trend lines
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One problem with the use of amoving average isthe choice of its length, denoted by n, the
number of consecutive vaues used in the averages. The larger the value of n, the more the
moving average smoothes out the origind data. But as n increases so does (n-1), whichis
the total number of observations at the beginning and end of the data for which no
moving-aver age value can be determined.

Forecasts based on the M oving Aver age:

Moving Average may aso be used to obtain Smple short-term forecasts of the future
values of thetime series,

To make these forecasts, we cd culate the moving average as before, however, for
forecadting, the mean of the n periods becomes the forecast for the period immediately
following the n periodsin the time series.

Therefore, by 3 period moving average, the forecast slesin year 21 is the mean value of
the last three years, that is 83 millions. Or by 5 period moving average, the forecast sdes
inyear 21 isthe mean vaue of the last five years, that is89.2 millions.

Although moving average provides easy-to-caculate forecadt, it makes an important
assumption that the patterns of the past will hold for the future. However, if there are
rapidly changing trends, the moving average time series tends to lag behind the origind
time series, resulting in poor forecad.
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Disadvantage of Moving Average Method:

§ Trend vdueisnot completed. Trend vaues of thefirst and last severd periods are lost.

$ Moving average is caculated over alimited number of periods only, and al earlier
dataare ignored.

$ A suitable period must be selected as abasis for calculation. The suggested period
should be the regular interva of any cyclica or seasond pattern in the series.

However, some series show no such apparent pattern, then the choice of the period
will be extremdy difficult.

Fitting the curved trend line by Exponential Smoothing Techniques

Exponential smoothing is used to smooth out the fluctuations in atime series and to
demondtrate the long-term movement in the series.

For doing the exponentid smoothing techniques, thefir st trend valueis set to equal to
the value of the data for thefirst period,

E,=Y,
then al subsequent trend values are cdculated asfollows:

Trend for the current period
= a (actual valuefor current period) + (1-a) (trend value for last period)

Ei = aYi + (1' a)Ei—l

Where a is called the smoothing congtant, and could be any value between 0 and 1;
E isthetrend vaue a period i;
Y; isthe actud vaue a periodi.

Unlike moving average, dl individud past deta affect the current trend value. However,
the contribution of any individua vaue in the past to the current trend va ue becomes less
a each successive time period.

The speed at which the effect of historica data is reduced depends on the size of the
smoothing congtant a. For values of a near to 1, then the effect of any past vaue fall
quickly. Larger vaue of the smoothing constant, more weight is given to current period
than to past periods.

When the data under consideration is subject to large random fluctuations, then small

smoothing congtant should be used. It would even out the random fluctuation quickly,

snce more weight is given to the previous trend than to any current item that might be
abnormdl.
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Forecasts based on Exponential Smoothing Techniques

To use the exponential smoothing for the purpose of forecasting, the current trend value,
say time period i, is used as the forecast of the next period, i +1.

Yia=E

Therefore, the formula can be revised as.

eg.13

]

\A(Hl =aY, +(1- a)\A(i whereOf a £1

Data given in the accompanying table represent the annud sales dollars (in
millions) for afood processing company for the year 1995 — 1999.

Y ear

1995 | 1996 | 1997 | 1998 | 1999

Sdes

23 30 21 40 45

a)
b)
0)

d)

b)

d)

Using a smoothing congtant of 0.25, exponentialy smooth the series.
Using asmoothing congtant of 0.75, exponentidly smooth the series
For both smoothing constants, whet are the respective exponentialy
smoothed forecast for the trend in 2000?

Which smoothing congtant, either 0.25 or 0.75, has greater smoothing
effect? Why?

E,=Y,=23
E, =aY, + (1- a)E, = (0.25) (30) + (1-0.25) (23) = 24.75
E, =aY, +(1- a)E, = (0.25) (21) + (1-0.25) (24.75) = 23.81
E, =aY, +(1- a)E, = (0.25) (40) + (1-0.25) (23.81) = 27.86
E. =aY, +(1- a)E, = (0.25) (45) + (1-0.25) (27.86) = 32.15

E,=Y,=23

E, =aY, +(1- a)E, = (0.75) (30) + (1-0.75) (23) = 28.25
E, =aY, +(1- a)E, = (0.75) (21) + (1-0.75) (28.25) = 22.81
E, =aY, +(1- a)E, = (0.75) (40) + (1-0.75) (22.81) = 35.70
E. =aY, +(1- a)E, = (0.75) (44) + (1-0.75) (35.70) = 41.93

2.15

For a = 0.25, forecasted trend in 2000 = v, 3
41.93

= E5
For a = 0.75, forecasted trend in 2000 = Y, =E,

a = 0.25 has greater smoothing effect, since it gives more weight to the past
data, and less weight to the current datawhich is highly fluctuated.

Page 16 of 24



g & i

L A ' VE Tutor’ s version Business Information Analysis
BusinessAdministration Discipline Chapter 10

Extraction of the seasonal component through moving aver ages
For Additive Model (Y,=T+S+C+1):

1. Thefirst step in computing a seasonal index isto calculatethe 4-quarterly
moving total for thetime series.

We use 4 period moving average, since the 4-quarter moving average will remove
seasonal variations.

Wetotd the vadues for the quarters during the first year, that is 4240. A moving

total is associated with the middle data point in the set of values from which it was
calculated. Since thefirst total of 4240 was calculated from four data points, we

place it opposite the midpoint of those quarters, so it falsin column (2).

2. Computethe4-quarterly moving aver age by dividing each of the4-quarterly
total by 4.

We divide the value in column (2) by 4.
3. Centrethe4-quarterly moving aver age.

The moving averages in column (3) dl fal hafway between the quarters. We
could like to have moving average associated with each quarter. In order to centre
our moving averages, we associate with each quarter the average of the two 4-
guarter moving averages falling just above and just below.

4. Calculatethedifference between theactual value and the moving aver age
valuefor each quarter inthetimeserieshaving a4-quarter moving aver age
entry.

It alows us to recover the seasona components for the quarters, in column (5).

5. To collect all thedifference, and arrange them by quarter.

The seasond indices for each of the 4 quarters are caculated by averaging the
difference for each quarter.

6. Adjuststhe seasonal indices slightly

For additive modd, the sum of the 4-quarterly indices should be zero. However,
then indices sum, of the example, is-5.6. Therefore we have to adjust the seasord
indices of the 4 quarters by adding (-5.6/4 = -1.4) 1.4 to each of the index to make
the sum zero.
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e.g.14 Giventhetime series:

Beef Usage (in Kg) 1989 1990 1991
Quarter | 1240 1460 1680
Quarter 11 1020 1300 1670
Quarter |11 830 1050 1440
Quarter 1V 1150 1320 1800

If the time series is assumed to be an additive model, determine the seasona index

of the 4 quarters.
1 2 3 4 5(=1-4)
Y ear Quarter Usage (Kg) 4-quarter total 4-quarter centred variation
average average
1989 | 1240
I 1020
4240 1060
11 830 1087.5 -257.5
4460 1115
v 1150 1150 0
4740 1185
1990 | 1460 12125 2475
4960 1240
I 1300 1261.25 38.75
5130 1282.5
11 1050 1310 -260
5350 13375
v 1320 1383.75 -63.75
5720 1430
1991 | 1680 1478.75 201.25
6110 1527.5
I 1670 1587.5 825
6590 1647.5
11 1440
v 1800
Quarter | Quarter I | Quarter 11 | Quarter IV
1989 - - -257.5 0.0
1990 2475 38.8 -260.0 -63.8
1991 201.3 825 - -
Total 448.8 121.3 -517.5 -63.8
Average 224.40 60.65 -258.75 -31.90 (-5.6) | (-1.49) |
Adjustment 14 14 14 14
Adjusted 225.80 62.05 -257.35 -30.50
Seasona
Factor

Therefore, the seasond index of the 4 quarters are 225.80, 62.05, -257.35 and -30.50

respectively.
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Forecasts based on moving aver age with seasonal variations

Since the given data are from 1989-1 to 1991- 1V, and moving average can only be used to
obtain Smple short-term forecasts we can only forecast the beef usage for one-quarter
ahead (1992-1).

The forecast usage without seasond effect is 1647.50, and the seasond index of quarter |
IS 225.8, so the forecast usage for 1992-1 = 1647.50 + 225.80 = 1873.30 Kg

For Multiplicative Model (Y;=TxSxCxl):

1. Thefirst step in computing a seasonal index isto calculatethe4-quarterly
moving total for thetime series.

2. Computethe4-quarterly moving aver age by dividing each of the4-quarterly
total by 4.

3. Centrethe4-quarterly moving aver age.

4, Calculatethe per centage of theactual valuetothemoving aver agevaluefor

each quarter in thetime series having a 4-quarter moving average entry.
5. To collect all the percentages, and arrange them by quarter.

6. Adjusts the seasonal indices slightly

For multiplicative modd, the base for an index is 100 %, thus, the four quarterly
indices should total 400%. However, theindex sum, of the example, is 397.1%.
Therefore we have to adjust the seasond indices of the 4 quartersby dividing
(397.1%/ 4 =) 99.3 % to each of the index to make the sum 400 %.
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e.0.15 Determine the seasond index for the time seriesin eg.14, if thetime seriesis
assumed to be a multiplicative model.

1 2 3 4 5(= 1/4 x100)
Year Quarter | Usage (Kg) 4-quarter 4-quarter centred vaiation
total average average
1989 I 1240 - -
[l 1020 - -
4240 1060
1l 830 1087.5 76.3
4460 1115
vV 1150 1150 100.0
4740 1185
1990 I 1460 1212.5 120.4
4960 1240
[l 1300 1261.25 103.1
5130 1282.5
1l 1050 1310 80.2
5350 1337.5
\Y; 1320 1383.75 95.4
5720 1430
1991 I 1680 1478.75 113.6
6110 1527.5
[l 1670 1587.5 105.2
6590 1647.5
1l 1440 - -
\Y; 1800 - -
Quarter | | Quarter Il Quarter 11 | Quarter IV
1989 - - 76.3 100.0
1990 120.4 103.1 80.2 954
1991 113.6 105.2 - -
Totd 234.0 208.3 156.5 1954
Average 117.00 104.15 78.25 97.70 397.10| 99.275 |
Adiugment | 99.275 99.275 99.275 99.275
Adjusted 117 | 104.2 , 78.3, 97.7,
Seasona || 0.99275=| 0.99275 = | 0.99275 = | 0.99275 =
Factor 117.85 104.91 78.82 98.41
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Forecasts based on moving aver age with seasonal variations

The forecast usage without seasond effect is 1647.50, and the seasond index for quarter |
1S117.8, so the forecast usage for 1992-1 = 1647.50 x 117.85% = 1941.58 Kg

Deseasonalized thetime seri

es

After determining the seasond indices, for both additive and multiplicative modd, we can
remove the seasond effect from the origina time series by deseasondlising the time series.
Therefore, the deseasonalised time seriesfor eg.15 is:

1 2 a/2=)3
Year Quarter | Usage(KQ) Seasond index  Deseasonalized timeseries
1989 | 1240 117.85 1052.18
[ 1020 104.91 972.26
1 830 78.82 1053.03
v 1150 98.41 1168.58
1990 [ 1460 117.85 1238.86
[ 1300 104.91 1239.16
1 1050 78.82 1332.15
\Y 1320 98.41 1341.33
1991 [ 1680 117.85 1425.54
[ 1670 104.91 1591.84
I 1440 78.82 1826.95
\Y 1800 08.41 1829.08
Class Exercise 2
Given atime series asfollows:
Sdes (in *000) 1990 1991 1992
Quarter | 240 450 520
Quarter |1 120 270 370
Quarter 111 350 420 550
Quarter IV 620 6380 800

If the time series is assumed to be multiplicative modd,
)] determine the seasond index for the 4 quarters, and

i) deseasondised the

1)} forecast the sdlesin 1993 quarter |.

time series, and
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Class: Name: No.:
Class Exercise 1 (Solution)
X X - X (X-X)x2 CodedTime Y XY X
1987 1987 - 19895 -25x2 = -5 23 -115 25
1988 1988-1989.5 -15x2 = -3 34 -102 9
1989 1989-1989.5 -05x2 = -1 52 -52 1
1990 1990- 19895 05x2 = 1 65 65 1
1991 1991-19895 15x2 = 3 78 234 9
1992 1992-1989.5 25x2 = 5 90 450 25
ax =11937 342 480 70
X =&X/n
= 11937/6
=1989.5
[¢]
xY
L —— ®
a X
= 480/70
=6.8571
a=Y e @
= 342/6
=57

therefore, the equationis Y =57 + 6.8571 X
Forecast sdlesin 1993 :
X=(X - X)x2 = (1993 - 19895) x 2= 7

Y = 57+ 6.8571 (7)

105 (*000)

Forecast salesin 1994 :
X =(X- Y)XZ = (1994 - 1989.5)x2= 9

Y = 57 +6.8571 (9)

118.71(* 000)
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Class: Name: No.:
Class Exercise 2 (Solution)
1 2 3 4 5 (= 1/4 x100)
Year Quarter | Sales(*000) || 4-quarter 4-quarter centred vaiation
total average average
1990 I 240 - -
[l 120 - -
1330 3325
1] 350 358.75 97.56
1540 385
\Y; 620 403.75 153.56
1690 422.5
1991 450 431.25 104.35
1760 440
I 270 447.5 60.34
1820 455
1l 420 463.75 90.57
1890 472.5
vV 680 485 140.21
1990 497.5
1992 520 513.75 101.22
2120 530
I 370 545 67.89
2240 560
1l 550 - -
\Y; 800 - -
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Class Exercise 2 (Solution) (cont.)

Quarter | Quarter 11 Quarter 111 | Quarter IV
1990 - - 97.56 153.56
1991 104.35 60.34 90.57 140.21
1992 101.22 67.89 - -
Total 205.57 128.23 188.13 293.77
Average 102.79 64.12 94.07 146.89 407.87 | 101.97 |
Adjustment 101.97 101.97 101.97 101.97
Adusted | 15 70/ 10197 | 64.12/.10197 | 94.07/.10197 | 146.89/.10197
Seasondl = 100.80 =62.88 = 92.25 = 144.05
Factor

the seasonal indices of the 4 quarters are 100.80, 62.88, 92.25 and 144.05 respectively.

1 2 (1/2=)3
Year Quarter | Sales(‘'000) | Seasond index Deseasonalized timeseries
1990 | 240 100.80 238.10
I 120 62.88 190.84
[l 350 92.25 379.40
v 620 144.05 430.41
1991 I 450 100.80 446.43
I 270 62.88 429.39
"l 420 92.25 455.28
v 680 144.05 472.06
1992 I 520 100.80 515.87
I 370 62.88 588.42
Il 550 92.25 596.21
v 800 144.05 555.36

Forecast usage in 1993 quarter | :

The forecast usage without seasond effect is 560,

and the seasond index for quarter 1 is100.80,

so the forecast usage for 1993-1 = 560 x 100.80% = 564.48 (* 000)
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