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Before starting to study the separation of the components of the time series, a
mathematical model should be formulated that links the values of the phenomenon
under study and the values of the components of the time series. In fact, there are many
mathematical models that describe the behavior of the time series, but the most
commonly used in terms of ease of use are the following:
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1) Additive Model: el 3 galll

The additive model assumes that the value of the phenomenon (Y) at time (t) is the
sum of the four components of the time series at that time period. This is described
mathematically as follows:
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For ease of application, the time symbol (t) is deleted so that the model takes the
following form:
Y=T+S+C+R

The components of the time series are separated from each other by the subtraction
process. For example, when stripping the values of the phenomenon (YY) from the effect
of directional changes (T), this is done as follows:

Z okl dslee Aol 5 JAY) Gardl (e Lgidans die ) Aludid) GUS 5o Juad oy
Y-T=S+C+R

When using the additive model, the components of the time series must be
independent of each other, meaning that the occurrence of one component should not
affect the occurrence of the other components of the time series.
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2) Multiplicative Model: ol i salll
The multiplicative model assumes that the value of the phenomenon () at time (t) is
the product of the four components of the time series at that time period and this is
described mathematically as follows:
Y; =Ty XS X C; X R;
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For ease of application, the time symbol (t) is removed so that the model takes the
following form:
Y=TXSXCXR

The components of the time series are separated from each other by the division
process. For example, when stripping the values of the phenomenon (YY) from the effect
of directional changes (T), this is done as follows:
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Using the same method, the values of the phenomenon are stripped from the effect
of the other components of the time series after estimating each component
individually.

Example: The following table represents a four-year quarterly time series for the
period (2005-2008) and the trend values increase by one unit for each quarter, and the
seasonal effect is constant during each quarter of the years. The values of each element
for each quarter have been known for each of the effects of periodic and random
changes. It is required to find the values of the phenomenon for the mentioned period
according to the additive model.
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—T*Q*
L) | Sl | T S C R YE:IRS VTSR
Q. | 140 | 5 | -13 | -2 | 18200 | 140+5+(-13)+(-2)=130
2005 Q2 141 | -10 | -12 8 135360 | 141+(-10)+(-12)+8=127
Q | 142 | -3 | -10 | 6 25560 | 142+(-3)+(-10)+6=135
Qi | 143 | 8 | 5 | -6 | 34320 | 143+8+(-5)+(-6)=140
Qu 144 5 -2 -15 21600 144+5+(-2)+(-15)=132
QZ 145 -10 -1 -5 -7250 129
2006 35126 T3 T 0 : 2 125
Q) | 147 | 8 2 1 2352 158
Q. | 148 | 5 4 4 | -11840 153
2007 | Q | 149 [ -10 | 8 | -1 | 11920 146
Qs | 150 | -3 12 5 -27000 164
Q4 151 8 16 -5 -96640 170
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Q1 152 5 12 1 9120 170
Q2 153 | -10 9 0 0 152
2008 Qs 154 -3 5 3 -6930 159
Q4 155 8 4 1 4960 168
e Measure The General Trend aladl olady) (ulsd

Different methods for determining the general trend vary in their ease of application
and accuracy, as there are two types of general trend that can be measured, namely
(linear general trend and non-linear general trend). Among the methods for measuring
the linear general trend are:
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1. Average of the two halves of the series method . Aedall Aeai o gleddy )l
2. Least squares method. s uall ilay yall 44, )l
3. Moving average method. A8 i) Gl giall 48y 4k

1) Average of the two halves of the series method
The Average of the two halves of the series method is one of the simplest methods used
to estimate the general trend line equation. This method is based on the idea of dividing
the time series into two equal halves in the number of observations, noting that if the
number of observations of the time series is odd, in this case the value of the observation
corresponding to the middle year in the time series is deleted. To estimate the general
trend line equation represented by the following formula, the following steps are
followed:
y=a+bt
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1. Divide the observations of the time series into two equal halves.
O gbudia Cpdial A At 1) Aludud) Cilaaliie and
. Give a sequence of years for the time series (t=1,23,...).
e 3l Al & gid sl eUac|
3. Find the arithmetic mean of the sequence of years for each half, i.e. (t; , t,).
it (S0l gl Jodel lall Jans gl) Slayl
4. Find the arithmetic mean of the observations for each half, i.e. (y;,73).
caai JS Glaalial  Sleadl Jas sl Al
5. Determine the first half point (£, ,y;) and the second half point (¢, , y3).

N
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6. Estimate the general trend equation according to the following formula:
Al ol Aalas s

y-7i_ Y2~ N
Lk
Example: The following is data on the sales value (in thousands of dollars) of a
product produced by a factory in the years shown in the following table:
Required:
1. Estimate the general trend line equation using the Average of the two halves of the
series method and then draw the general trend line.

2. Predict the sales value (y) for the year 2000.

years | sales value t t y Determine point
1990 12 1
1991 8 2 | & _ 142434445 | _— _ 1248464745
ty = 5 1= 5
1992 6 3 (&, 1) = (3,7.6)
1993 7 4 t; =3 y1 =76
1994 5 5
1995 6 6
1996 9 7 t=2 6474849410 | J5 = 6+9+85+10+9
1997 8 8 ° (£2.72) = (88.4)
_ y, = 8.4
1998 10 9 ;=8 Y2
1999 9 10
-~y _ Y2~ N
Ch -t
y— 7.6 _ 8.4 - 7.6
t-3 8- 3
y-7.6 .8
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y—76=(t— 3)x0.16

y—7.6=0.16t — 0.48 .
y =0.16t — 0.48 + 7.6
9 =712 +0.16t
$2000 = 7.12 4+ 0.16(11) -

8.0

Y2000 = 8.88 = 9

7.9

7.8

¢

7.7
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Year

Disadvantages of the two-half-series average method
Aulad) ai o gia 48y )b Gige

1. The calculation of the slope of the general trend line depends on the two calculated
arithmetic means, and each of these two means is affected by the outliers, i.e. the
very high or very low values. If one of the two sections contains higher or lower
values than the other section, this affects the values of the two arithmetic means,
and thus the calculated general trend line does not accurately represent the situation.
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2. The accuracy decreases as the length of the series gets shorter.
Aladll J gl LS 2800 Jis

3. Working with this method is limited to cases where the general trend is straight or
close to straight.
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4. Although this method is simple to calculate, the results we get are not accurate.
A3 S Y Lo Juass Al gl o) W1 oluaad) Aage 43, Hhall 038 0 (e a2 ) e



