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Abstract 

A recurring problem concerning marketing operatives at all levels is a forecast of the 
demand for new products. This article discusses a technique, Bayesian method, by 
which the forecast of such products can be calculated. This technique is used to 
examine the forecast accuracy of lightning current arristers during the year 2004. 
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1 Introduction  
Much Econometric and statistical forecasting techniques are widely used in managing production 

systems. They have also found frequent application in a variety of other problem areas, including 
financial planning, investment analysis, distribution planning, marketing. For example, consider the 
two common economic theories of demand and production. Each one is based on elementary 
economic principles and, if enough historical data are available, provides a basis for a theoretical 
multivariate regression model. Usually the demand function for a good relates the quantity of a good 
sold to several explanation variables. The theoretical foundation for demand analysis is based on the 
modern theory consumer behaviour. In determining the demand the important roles play the price of 
the good and the consumer’s real income. Other variables that should be included are the price of other 
goods (either substitutes or complements) in consumption, the size of the market, the expected future 
price of the good and tastes and preferences. 

Nevertheless, it is likely that the price of the good, the income, the size of market and the price of 
substitutes play the most important role in determining demand. It is important to remember that the 
model is being developed for forecasting purposes. Therefore, it is extremely important to keep the 
model relatively simple in terms of the number of the explanatory variables. Remember that, for each 
period in an ex ante forecast of the dependent variable, it is also necessary to provide a forecast for 
each of the independent variables.  

Most dependent variables may be related to time or may be explained by simple mathematical 
functions of time. Regression models are statistical techniques for modelling an investigating the 
relationship between two or more variables. As we mentioned above, regression analysis requires that 
enough historical data of dependent and independent variables are available. In many decision 
problems there are little or non useful historical information available at the time of decision making. 
In such situations Bayesian methods are often useful to determine the early forecast.  

The next section contains a brief description of forecasting models based on Bayesian approach 
that are linear in the unknown parameters. The data, fitted model and prediction results of the 
Bayesian procedure are given in section 3. Assessing the predictive accuracy of models using 
Bayesian procedures and exponential smoothing methods is discussed in section 4. The final section 
contains a summary of our results. 

2 Models  
Retail and whole sales are important components of the business company. One of the most basic 
problems facing the marketing or product manager is how to predict sales of new products in 
situations where no historical data are available. Marketing decisions must be made in the context of 
insufficient information about processes that are dynamic, stochastic and downright difficult. 



This article discusses a technique, Bayesian method in forecasting, which should prove helpful 
in modelling of such situations. The methodology of Bayesian method, i.e. Bayesian parameter 
estimation and prediction for general time series model is described in [5]. We will this methodology 
apply and further extend for general (causal) model. 

The functional form of the causal regression model has the form 

tktkttt uxbxbxbby ++++=  , ... 22110 ,                     (1) 

where k
iix 1}{ =  represent a series of independent variables for i = 1, 2, ..., k and t = 1, 2, ..., n, k

iib 1}{ =  

are partial regression coefficients (the model parameters), n
tty 1}{ =  is dependent variable, n

ttu 1}{ =  is 
random error term. 

It is convenient to express the model (1) in matrix notation of the following form 

uXby += ,                        (2) 

where y = n
tty 1}{ = is a column vector of the n dependent values, ) ..., ,,( 10 kbbb=b  is a column vector 

of the k + 1 unknown parameters, u  = n
ttu 1}{ =  is an column vector of the errors, and X  is a matrix of 

the independent values of the form 
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As a practical example, consider a firm which mass-produces new systems of lightning current 
arresters. The marketing manager wishes to forecast monthly sales of these products of new unknown 
foreign markets. The functional form of this process relates the size of sales to two explanatory 
variables: n

ttx 11 }{ =  - the advertising expenditures, n
ttx 12 }{ =  - service and cost of repairs. No similar item 

has been sold in the past. Thus, we have the model 

tttt uxbxbby +++= 22110 ,   t = 1, 2, ..., n                     (3) 

The manager expects that the sales during first three months do not fall under the specified level. 
Using this information the last-squares model parameter estimates )ˆ,ˆ,ˆ(ˆ

210 bbb=b can be calculated. 

The model (3) is the classical linear regression equation. To generate forecasts of future 
observations using Bayes methodology we will assume that variance of the random component 2

uσ  is 

known. Then the vector )ˆ,ˆ,ˆ(ˆ
210 bbb=b  follows the multivariate normal prior distribution with mean  

)(bE  = b′= ( 210 ,, bbb ′′′ ), the variance var ( k
iib 1}{ = ) = 2

ib′
σ  and the covariance cov ),( ji bb ′′ , i.e. 

),( Vb ′′N ≡
2/11)( 2

1

)2( −− ′Vπ ]}[][exp{ 1
2
1 bbVbb ′−′′−− −T ,       (4) 

where V′  is the variance-covariance matrix of the prior distribution. This probability distribution 
measures our subjective information above b . 

After one period, or generally after T periods, we have observed Tyyy  ..., ,, 21 . The problem is 
to modify the estimate b′  and the measure of uncertainty expressed by var ( k

iib 1}{ = ) in light of this 



information. This can be done using the normal posterior of the parameters with mean b ′′  and 
variance-covariance matrix V ′′  as [5] 

b ′′  = )ˆ(1 bXXbGG T+′′′′ − ,                        (5) 

where VG ′=′ 2
uσ , XXGG T+′=′′ . From the expression (5) is seen that the parameters of the 

posterior can be determined from simple algebraic combination of the prior parameters and the results 
of last-squares analysis of the time series data. 

 

3 The Data and Results  
The data were taken from 10 consecutive months of lightning current arresters purchasing 

history ( ty ). The data for each independent variable ( tt xx 21 , ) are collected by firm (see [3]). Table 1 
presents the monthly data for all variables ( ty  - lightning current arristers purchasing, tx1  - the 
advertising expenditures, tx2  - service and cost of repairs). 

 

TABLE 1: DEPENDENT, INDEPENDENT AND FORECAST VALUES WHEN BAYESIAN 
METHOD IS USED FOR A CAUSAL LINEAR MODEL (SEE TEXT FOR DETAILS) 

T 1 2 3 4 5 6 7 8 9 10 
yt 4101 4132 4158 4188 4214 4193 4272 4281 4301 4317 
x1t 121 121 128 120 130 1125 138 140 142 140 
x2t 97 99 108 113 110 105 114 116 120 121 

tŷ   4179.2 4212.1 4171.2 4265.8 4284.0 4308.3 4302.3 

 
 

Figure: 1: Sales – actual and forecast values a) Bayesian method   b) single exponential 
smoothing 

 

The calculation of forecast values for a given example can be summarised as follows (detailed 
procedures can be found in [5] 

1. Assumptions of the model - prior distribution. 

The manager supposes that the initial sales rate will be between 3300 – 4300 per month. But with 
the advertising program planed, the manager expects the sales rate to increase steadily and estimate the 
amount of increase from month to month at between 80 – 120. Analogously, with the service program 
planed, the amount of steadily increase of the sales rate from month to month is estimated at between 
100 – 140. The assumption about disturbance term tu  is, tu ≡  ),0( 2

uN σ  with 2
uσ  = 2500. The prior 



variances of the parameters are assumed to be one-sixth of the ranges, i.e. 2

0b′
σ  = (4300 – 3300)2/6 = 

27777.778. Analogously 2

1b′
σ  = (140 – 100)2/6 = 44.44, 2

2b′
σ  = (120 – 80)2/6 = 44.44 and ),cov( 10 bb ′′  

= ),cov( 21 bb ′′  = ),cov( 20 bb ′′  = 0. Therefore, the prior variance-covariance matrix is  
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2. Posterior parameters at the time T = 3: 

- The least-squares estimates are calculated from the first T = 3 observations as 
Tb̂  = )ˆ,ˆ,ˆ( 210 bbb  = yXXX TT 1)( −  

      = (45559.43, 15.5, 16.214). 

- Using the formula (5), the posterior parameters of b , given b̂ , are calculated as 

b ′′  = )(b ′′E = )ˆ(1 bXXbGG T+′′′′ −  

      = (3225.031, 3.926, 4.255) 

- The forecast for period t = T + τ , for any lead time ≥τ  1, we simply take expectation at origin T of 

ττττ ++++ +′′+′′+′′= TTTT uxbxbby ,22,11   . 

For  =τ 1 

)( 1+TyE  = 1ˆ +Ty  = 1,221,11   ++ ′′+′′+′′ TT xbxbb  

      4ŷ     = 4,224,11   xbxbb ′′+′′+′′  = 4179.2 

- Forecast for each future observation may be easily computed as a new observation becomes available 
through the three procedures above. Generally, we denote the current period by T. The forecast τ+Tŷ  
for future observations τ+Ty , for  any lead time ≥τ  1 is generated successively by setting the new 
origin of time equal to 1−+τT  and computing the new forecast for period τ+T . These forecasts 
are shown in Tab. 1 and illustrated in Fig. 1a. 

4 Assessing the Predictive Accuracy of the Alternative Forecasting Model  
In this section, we shall present the forecast results of the sales using double exponential 

smoothing approach [4]. The results of updating the forecasts of sales using double exponential 
smoothing are presented in Fig. 1b. The weighting factor α  was equal to 0.10. 

Fig. 1a illustrates a good quantitative model. This model closely follows all the actual data. The 
model based on the double exponential smoothing (Fig. 1b) fails to fit the actual swing at the period 
t = 6. 

5 Conclusion 
We have illustrated that the model based on Bayesian methodology can be useful tool for 

economic time series modelling and forecasting. The Bayesian technique is attractive for forecasting 
because it provides a framework within which the time series can be successful modelled by only little 
or no observations. Finally, Bayesian approach is also attractive from a strictly model building point of 
view because: the final model will, in general, be a parsimonious representation of the data, the 
appropriate noise structure is easily determined and has relatively simple procedures for revising the 
parameters. 



The disadvantage of models based on Bayesian approach is that the variance of the disturbance 
term must be known. For unknown variance case see [6] Some difficulties arise by nonlinear and 
seasonal models see [1], [5]. 
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