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1) Introduction 
 
The goal of this project is to analyze and model semi-annual average claim cost for the collision 
coverage for the automobile industry in New Brunswick using the techniques introduced in the 
NEAS Time Series Course. 

 
2) Data 
 
Data used in this project is New Brunswick Automobile Industry wide Private Passenger Automobile 
claims data for Collision coverage. Data is as of December 31, 2013, and data points are presented 
on a semi-annual basis.  The data included in the analysis ranges from December 2000 to December 
2013.  Since this is industry data for the province of New Brunswick, the data size is large and 
possesses full credibility.  Data is examined for reasonableness and compared with Industry exhibits 
to ensure accuracy.  
 
Time index 0.25 represents June data point and 0.75 represents December data point. 
(E.g. 2001.25 represents June 2001, and 2001.75 represents December 2001.) 

The data shows an upward trend over the period analyzed, reflecting inflation and possibly change 
in deductible levels throughout the years. 
 
Collision claim costs experienced a bigger increase in 2005 as shown in the graph below.
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The natural logarithm of the collision claim cost graph is then examined, as lognormal distributions 
are typically used to model claim sizes. 

The graph of the natural logarithm shows the same trend we observe in the original data. 
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3) Model Specification 

 
Autocorrelation function of the natural logarithm of the data is then reviewed: 
 

 
 
Seasonality does not present in the data as there are no evident peaks in our graph.  ACF tails off at 
lag 9, so an AR or ARIMA model should be considered for this series. 
 
The  Partial Autocorrelation Function of the series  would be a useful tool to determine order of the 
AR model, because the PACF for an AR(p) process cuts off after lag p.   However because of the 
document posted online stating:  “The textbook discusses partial autocorrelation functions as well. 
You do not have the statistical software for the partial autocorrelation function, and the discussion 
in the text is weak. You need not use the partial autocorrelation function for the student project.” 
(building ARMIA models: a step by step guide, page 4, step 4, 
http://33771.hs2.instantasp.net/Topic7752.aspx ), this step is skipped. 
 
Instead, the first difference of the natural logarithm of collision claim cost is examined. 
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The first difference graph shows that values oscillate around zero, with no apparent pattern.  The 
effect of trend has been removed, and the series is stationary now. 
 
The Autocorrelation Function of the First difference of LN of collision claim cost is then looked at: 

 
Autocorrelation Function of First difference of LN of collision claim costs

 
 
The ACF oscillates around zero, suggesting an AR model might be appropriate. 
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 AR (1), AR (2) and AR(3) models are fitted and we will select the best fitted model.  
Excel regression analysis tool was used to create the following results: 

 

AR(1) model 
 

 

 
The fitted AR(1) Model is Yt= 1.26328511+0.85019338 Yt-1 
 
R square statistics is 0.76669898, meaning 76.7% of the variations of this series is explained by this 
AR(1) model. 
 
Sum of coefficients for this model is 0.8501934, which is <1, hence this model is stationary. 
 
 



AR(2) Model 
 

 

 
The fitted AR(2) Model is Yt= 1.453095986+0.371850928 Yt-1 +0.457330997Yt-2 
 
R square statistics is 0.821206809, meaning 82.1% of the variations of this series is explained by 
this AR(2) model. 
 
Sum of coefficients for this model is 0.829181925, which is <1, and each of the coefficients are less 
than 1 as well, hence this model is stationary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AR(3) Model 
 

 
 
The fitted AR(3) Model is Yt= 1.670804+0.293564 Yt-1 +0.45613Yt-2+0.053832Yt-3 
 
R square statistics is 0.791867, meaning 79.2% of the variations of this series is explained by this 
AR(3) model. 
 
Sum of coefficients for this model is 0.509962, which is <1, and each of the coefficients are less 
than 1 as well, hence this model is stationary. 

 
 
 
 
 
 
 
 
 
 
 
 



4) Actual vs. Fitted 

 
Shown below is a graph of the natural logarithm of the actual data vs. the AR(1), AR(2) and AR(3) 
models: 
 
                                    Natural Logarithm of Actual vs. Fitted 
 

 
 
 
 

5) Model Selection 

 
Based on actual vs. fitted figure above, and given the R square statistics for the three models 
ranges from 0.77 to 0.82, all models provide good estimates for the New Brunswick Automobile 
Industry collision claims cost data.  But because of the higher R square statistics for AR(2), the AR(2) 
model is recommended. 
 
The fitted AR(2) Model is Yt= 1.453095986+0.371850928 Yt-1 +0.457330997Yt-2. 
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6) Residuals 

 
We will now look at the residual plot for the AR(2) model to further determine if the model is a 
good fit.  
The residual plot for AR(2) model doesn’t show any significant pattern, and the residuals oscilliates 
around zero, suggesting the model is appropriate.  
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The Durbin Watson statistics is performed to check for serial correlation.  The Durbin Watson 
Statistic is greather than 2, serial correlation of the residuals is not present, further suggesting the 
model is appropriate.   
 

 

 
7) Conclusions 
 
The AR(2) model is the suggested model for the New Brunswick Automobile Industry Collision 
Claim Cost time series after examining all of the above statistics.   
 


