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Lecture outline:

={0 estimate the change of a value over time and graph the
dynamics of the value

=to apply the time series analysis to forecasting a value

=t0 use the two forecasting models:
a) Additive
b)  Multiplicative




Components of time series graph

Trend — the overall pattern of changes in a specific value over a long
period of time (or an overall movement of the time series graph).

Seasonal — regular patterns of variation over one year or less (or
repetitive movements of the time series graph).

Irregular — random changes that generally cannot be predicted (or
random movements of the time series graph for periods less than a
year).

Cyclical - variations above or below the trend line for periods of longer
than one year (or cyclical movements of the time series graph for periods
of longer than one year)
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» Additive model * Multiplicative model

Y T 5 where Y, — actual figure in period x, T, — trend in period
X, S, — seasonal variation in period X.

Proportional seasonal variations

Y =7 +S§ Wwhere Y, - actual figure in period X, T, — trend in
- * ‘ period x, S, — seasonal variation in period x.

Constant seasonal variations 30
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Case 1: quarterly computer sales

Time Sales Time Sales
2003| 1 86.7 II |108.0
II | 949 IIT | 113.5

IIT | 94.2 N 132.9

IV (106512006 I |126.3

2004 I |1059 II [1194
II |1024 IIT | 128.9

IIT | 103.1 IV [ 1423

IV (115212007 I |[1364

2005| I |113.7 II [124.6
III | 127.9
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Figure 1 Sales of computers
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» Find 4-point moving average and start placing them Time | Sales | 4-point | CMA, Time | SAles | 4-point | CMA,
from the mid of 2nd and 3rd place (M kg ST
) 2003 | I 86.7 IIl |(113.5| 117.03 |118.60
« Calculate the Central Moving Average (Trend) S 010 N 520] 12018 {15160
« Subtract trend (CMA) value from the actual value to O | 942 | % | 9798 |2006] I |1263| 7% | 12493
i iati v |106.5]| 199 | 101.31 m |1194] %% [12805
Ind the deviations ) -
c t deviation f ol od 2004| 1 [1059] 9% | 103.37 mr 1289] |, T [13049
ompute average deviation for particular perio 1004 12?23 e IV [1423] a0 |13240
« Place the seasonal adjustments I |103.1 108'6;) 107.63 2007 I |136.4| 13280 |132.93
. . .y N 1152 ' 109.30 II |124.6
» Obtain the difference between average deviations - ——— —— 11000 — — T
and the seasonal adjustments for the seasonal = — 112.60 >
T II |108.0 114.81
variations.

» To forecast, simply add the seasonal adjustment to
forecasted Trend (CMA) value
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160 - nres Dev from _ ) Dev from
150 - Actua| S ales P Time Sa}es Trend P Time Sa}es Trend Trend
140 % \ Ox) (Tx) SS=‘7S_TX 0:) (Tx) S=Y.-T
;‘TJ . =X X X
213041  Trend line 2003 | I | 86.7 I | 1135] 1186 | -5.1
g ﬁg y I | 949 Iv | 1329 | 1216 | 113
g 100 - _ III | 942 | 97.98 —38 2006 | I | 126.3 |124.95 1.4
5 90 4 Stretcher trdencli |II’1e142 I s e =3 I | 1194 12805 -87
?8 A rend value = R 1059 | 10337 P I | 1289 | 13049 | -1.6
e : IV | 1423 | 1324 9.9
| ||| ||||||v | ||| ||||||v | ||| ||||||v | Iu ||||||v | ||| ||||||v SW 1024 10557] —32 e 33
III | 103.1 [107.63 -4.5 - E
2003 2004 2005 2006 2007 I | 124.6
IV [115.2 | 109.3 5.9
- II | 127.9
2005 | I |113.7] 1113 2.4
II [108.0 11481 —6.8
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« Trend line for the 4™ quarter of 2007 indicates that
the value approximately equals to 142

 The seasonal variation for this quarter is 7.95

E 5 = Y « Thus, forecasted value equals to
2003 -3.8 .
2004 2.5 -3.2 -4.5 5.9
2005 2.4 ~6.8 ~5.1 113 K — + S —
2006 14 _87 16 9.9 2007 IV 2007 IV 2007 IV
2007 3.5
Tota o7 | 157 | 10 | 2 =142+7.95 =149.95= 150
Average Deviation 2.43 —-6.23 —3.75 8.08
Adjustment 0.13 0.13 0.13 0.13
Seasonal variation 2.3 -6.36 - 3.88 7.95
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* Find 4-point moving average and start placing them Time | Sales [4-point | CMA, Time | Sales | 4-point | CMA,
from the mid of 2" and 3" place (Y) | MA | Trend Yy | MA | Trend
. 2003 I 86.7 III |113.5| 117.03 |118.60
« Calculate the Central Moving Average (Trend) B 040 B 501 12018 (12760
« Divide the actual value to the trend (CMA) value to O | 942 | 3% | o798] [2006] I [1263] 29 |12495
find the deviations v |106.5] 19978 | 101.31 I |119.4 i‘g&: 128.05
102.25 29.27
T . . 2004 I 105.9 103.37 IIT |128.9 130.49
« Compute average deviation for particular period 104.48 —— 131.75
II (1024 | 105.57 IV | 1423 133.05 132.40
* Place the seasonal adjustments m | 1031 iZ:Zo 107.63| [2007] T |1364| y3250 | 13293
» Obtain the ratio between average deviations and the IV 1521 000 22220 I j1246
: . 2 3.7 3 27
seasonal adjustments for the seasonal variations. 205] 1 37} 4560 [ 22150 I 1279
II |108.0 114.81

To forecast, simply find the product of the seasonal
adjustment and forecasted Trend (CMA) value
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Multiplicative model
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s S(ile)s T(l;n)d T | T S(:ge)s T(l;“)d Tt 2003 : - OH916 113;
N v ST ¥ el sl R ' —
2003 1 | 867 IO |113.5]11860| 0.96 2004 1.02 0.97 0.96 1.05
Il | 94.9 IV [1329(121.60 1.0 2005 1.02 0.94 0.96 1.09
I | 942 | 97.98 0.96 2006 I |[126.3|124.95 1.01 2006 1.01 0.93 0.99 1.07
IV |106.5|101.31| 1.05 I (119412805 093 2007 1.03
2004| I [105.9(103.36| 1.02 Il |128.9(130.49| 0.99 Total 4.08 2.84 3.87 4.26
II [102.4|105.56 0.97 IV 1142.31132.40 1.07 Average deviation 1.02 0.95 0.97 1.07
IE | 103.1|107.63| o096 |[2o0f| & ]1364[13293| 1.03 Adjustment 1 1 1 1
IV [ 115.2(109.30 1.05 i 12f.6 Seasonal variation 1.02 0.95 0.97 1.07
2005| 1 |113.7[111.30| 1.02 ) 127.9
Il [108.0|114.81| 0.94
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» Trend line for the 4" quarter of 2007 indicates that
the value approximately equals to 142

« The seasonal variation for this quarter is 1.07 I I I v
* Thus, forecasted value equals to 2003 0.96 1.05
2004 1.02 0.97 0.96 1.05
), S 2005 1.02 0.94 0.96 1.09
— /1. * ). — 2006 1.01 0.93 0.99 1.07
2007 1V 2007 1V 2007 IV e o e
- UD

- — Total 4.08 2.84 3.87 4.26

— 142 ' ]. .07 - 1 51 . 9 - 1 52 Average deviation 1.02 0.95 0.97 1.07
Adjustment 1 1 1 1

Seasonal variation 1.02 0.95 0.97 1.07




Concluding remarks

Today, you learned

= Graphical display of the change of a value over time
= Time series analysis

= Two time series models: additive and multiplicative
= Forecasting future value with the suitable model




Essential readings

Jon Curwin and Roger Slater. “Quantitative Methods for Business
Decisions,” Ch 17.




