
Time Series Student Project 
 

I. Introduction 
 
As a new employee of the group insurance division in our company, I am interested to know the 
estimates of premium income coming from new group business sales. This project aims to find the 
model that would help the company project future sales from new group businesses using past data. 
 
Total sales come from both group life business and group health business. It is assumed that there 
are no significant changes in the allocation of sales to each line of business and other external factors 
that would affect the premium income of the company. 
 
II. Data 
 
The data was collected monthly from January 2010 to September 2012 and was presented in millions 
(Philippine Pesos). The data used in this project can be seen in the attached Excel file in worksheet 
“Data”. 

Time Series 
Project.xlsx

 
 
III. Analysis 
 
First, the graph of the monthly new business sales is shown in Figure 1 below. 
 

Figure 1 
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We can easily observe that there’s no strong indication of seasonality in our data. To confirm this, the 
following chart in Figure 2 displays the sample autocorrelation against its lag. I used the formula 
below to graph the sample autocorrelation function. Please see attached excel file (in worksheet 
“Autocorrelation”) to see the computations. 
 

 



 
Figure 2 
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It can be seen that there are no evident peaks in our graph which would indicate seasonality. 
Furthermore, the ACF tails off at around lag 10. Based on this graph, we would certainly consider an 
AR or ARMA model for this time series. 
 
We can compute for the sample partial autocorrelation to determine the order of autoregressive 
model and aid us in choosing the correct model. Please see Figure 3 for the partial autocorrelation 
plot against lag k. 
 
      Figure 3 

 
 

We have learned that the partial autocorrelation function for an AR(p) process cuts off after lag p. 
Since our plot abruptly goes to almost 0 after lag 3 instead of tailing off, an AR(p) model would best 
fit this particular time series with p = 3. We can also consider an AR(1) or an AR(2) model for our data.  
 



To help us choose the model that would best fit our time series, we use excel regression tool to get 
the coefficient parameters of the three AR models with p = 1, 2 and 3. The results are then given 
below: 
 
A. For an AR(1) model, excel regression tool gives us the following: 

 

 
Based on this, AR(1) model is Yt= 2.493992 + 0.700516Yt-1. 

 
B. For an AR(2) model, excel regression tool gives us the following: 

 

 
Based on this, AR(2) model is Yt= 1.414761 + 0.570486Yt-1 + 0.285467Yt-2. 

 

 
 
 
 
 
 
 
 
 



C. For an AR(3) model, excel regression tool gives us the following: 
 

 
Based on this, AR(3) model is Yt= 1.045605 + 0.328438Yt-1 + 0.319840Yt-2 + 0.273058Yt-3. 

 

To check if the three autoregressive models tested were stationary, we take the sum of the coefficients 
and see if they are each less than 1. We can see in Table 1 below that all models satisfy this condition and 
thus, the three models are stationary. 
 

Table 1 
Model Sum of Coefficients Less than 1? 
AR(1) 0.700516215 <1 
AR(2) 0.855953321 <1 
AR(3) 0.921336491 <1 

 
 
Also, the values of the coefficient of determination or multiple R-squared of the 3 models range from 50% 
to 70%. This means that around 50% to 70% of the variation in the time series is explained by the AR 
models. 
 
We now plot the actual data against the AR models and decide which has the best fit.  

 
Figure 4 

 
 
 



IV. Conclusion 
 
Based on Figure 4 above, all models provided good estimates for the new business sales. However, 
analysis of new business sales between January 2010 to September 2012 indicates that an AR(3) 
model is the best fit and is the recommended model to forecast new business sales for group 
insurance.  We can now use our AR(3) model  

Yt= 1.045605 + 0.328438Yt-1 + 0.319840Yt-2 + 0.273058Yt-3 

to propose an updated monthly estimates in the remaining period of 2012 and the whole year of 
2013. 
 


