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(1) Introduction to time series analysis

• A time series is a series of figures recorded 

over time

• Time series analysis is a tool to help forecast 

the future, particularly sales

• The basic idea is to analyse the past to 

identify a pattern, of say sales, which can then 

be used to forecast the future
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(2) Components of a time series (TS)

•Trend (T):  this is a general movement of the 

time series over a long period of time

•Seasonal variation (SV): a recurring pattern, due 

to repetitive events, over a shorter but fixed time 

period

•Cyclical variation (C): recurring patterns over a 

long time period, not generally fixed in nature

•Random variation or residual value (R): 

unpredictable variations due to random or 

chance events 
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(3) Models

•Calculation questions tend to focus on the trend 

and seasonal variation only. These can be 

combined together in two ways to give the actual 

results, i.e. the time series:

(a) Additive model: TS = T + SV 

(b) Multiplicative model: TS = T x SV 

•It will be clear as to which one should be used

•Some questions also ask for the calculation of 

the residual (R).  In this case, the two equations 

above should be extended to include R
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Illustration of residual calculation

•The multiplicative model for a time series shows 

that at a certain time the actual, trend and 

seasonal variations are 555, 463 and 1.16.  Find 

the residual at this point.  (Round your answer to 

four decimal places).

Answer

•In the multiplicative model TS = T x SV x R

•Therefore, R = TS/ (T x SV)

= 555/ (463 x 1.16) 

= 1.0334 (to four decimal places)
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(4) Seasonal variations

•For the additive model the seasonal variations 

will be given as a positive or negative number.  

The total of the seasonal variations will be zero

•For the multiplicative model the seasonal 

variations will be given as a percentage or a 

decimal.  The total of the seasonal variations will 

be four. 

• If this is not the case, any difference should be 

spread evenly across the seasonal variations
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Illustration of seasonal variations

•Using the multiplicative model the seasonal 

variations are found to be 1.04, 1.15, 0.91 and 

0.95.  They are subsequently adjusted so that 

their total = 4.  What is the new value of the 

average currently valued at 1.04?

Answer

•Total = 1.04 + 1.15 + 0.91 + 0.95 = 4.05, hence 

we adjust by subtracting 0.05/4 = 0.0125 from 

each average.  The adjusted first average = 1.04 

– 0.0125 = 1.0275



8

(5) Forecasting method 1: using least squares 

regression

•Step 1:  The forecasted trend can be calculated 

using least squares regression (as seen in Chapter 

7).  This is appropriate if there is a linear trend

•Step 2: Using the appropriate time series model, 

i.e. additive or multiplicative, an adjustment can be 

made to the trend for the seasonal variation and 

the time series can be calculated

(Ignore the residual, R, unless stated otherwise) 
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Illustration of forecasting using least squares 

analysis

•Least squares regression was used to calculate 

the straight line of best fit, y= a + bx, for sales 

against time.

•This was found to be y = 13.7 + 1.5x, where y is 

equal to the sales value and x is the quarter

•What are the forecast sales for quarter 14 if:

(a) The seasonal variation is +2.4 for this quarter

(b) The seasonal variation is +10% or +0.1 for 

this quarter
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Answer

Step 1

•Using the least squares regression line the 

trend, T, can be calculated for quarter 14

y = 13.7 + 1.5x

y = 13.7 + (1.5 x 14)

y = 34.7  This is the forecasted sales trend (T)

Step 2

•An adjustment can be made to the trend to 

reflect the seasonal variation and the sales can 

be forecast for quarter 14
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(a) If the seasonal variation is given as a number 

(positive or negative) we must use the additive 

model :

Forecast sales for Q14 (TS) = T + SV

= 34.7 + 2.4

= 37.1

(b) If the seasonal variation is given as a percentage 

or decimal we must use the multiplicative model:

Forecast sales for Q14 (TS) = T x SV

= 34.7 x 1.1

= 38.17



12

(6) Forecasting method 2: using moving 

averages 

•Step 1:  The forecasted trend can be calculated using 

moving averages.  This is appropriate if there is no linear 

trend

•Step 2: Using the appropriate time series model, i.e. 

additive or multiplicative, an adjustment can be made to 

the trend for the seasonal variation and the time series 

can be calculated (as for method 1)

(Ignore the residual, R, unless stated otherwise)
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Illustration of forecasting using moving averages

Using the data below, calculate the trend for the sales of 

article B as a centred four-point moving average, i.e. 

complete step 1

Answer

See next slide.  

Sales for article B (‘000units)

Q1 Q2 Q3 Q4

2006 24.8 36.3 38.1 47.5

2007 31.2 42.0 43.4 55.9

2008 40.0 48.8 54.0 69.1
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Year Qtr Sales 

(Y)

4 point 

moving total

8 point 

moving total

4 point moving 

average (T)

2006 1 24.8 - -

2 36.3 - -

3 38.1 146.7 299.8 37.4750

4 47.5 153.1 311.9 38.9875

2007 1 31.2 158.8 322.9 40.3625

2 42.0 164.1 336.6 42.0750

3 43.4 172.5 353.8 44.2250

4 55.9 181.3 369.4 46.1750

2008 1 40.0 188.1 386.8 48.3500

2 48.8 198.7 410.6 51.3250

3 54.0 211.9 438.5 54.8125

4 69.1 226.6 -
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(7) Seasonal adjustment

•If the seasonal variations (SV) are already 

known, then it is possible to de-seasonalise the 

actual results (TS) to identify the trend (T)

Multiplicative model

Based upon: Actual (TS) = Trend x SV 

Trend = Actual ÷ SV

Additive model

Based upon:  Actual (TS) = Trend + SV

Trend = Actual – SV
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Illustration of seasonal adjustment

•Unemployment numbers actually recorded in a 

town for the second quarter of 20X8 were 2,400. 

The seasonal variation for this quarter is 0.95. 

Using the multiplicative model for seasonal 

adjustment, calculate the seasonally-adjusted 

figure (in whole numbers) for the quarter

Answer

•Seasonally adjusted figure, trend = Actual ÷ SV

= 2,400 ÷ 0.95

= 2,526


