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A) Introduction

Ever since I saw my first Ironman championship televised by NBC back in December 2010, I have been enamored by triathlons.  The dedication it takes for individuals to complete a 2.4mile swim followed by a 112mile bike ride and ending with a full marathon (26.2mile) run was beyond me at the time. I decided to do a couple of shorter triathlons in 2011 and decided to make the plunge and attempt a full ironman race this 2012 year.

In doing so, I have researched the winning times of the ironman championship race in Hawaii and am intrigued on how it has changed over the years.  I am interested in identifying the best model to fit the data.
B) Data

The first Ironman championship was held back in 1978.  I have compiled all of the winning times since 1978 through 2011 for the men.  This data was located on Wikipedia at:

http://en.wikipedia.org/wiki/Ironman_World_Championship
At inception, the race was held in spring.  However, in 1982 this was changed and the race since then has been held in the fall.  This resulted in there being two ironman championship races in 1982.  For my analysis, I took an average of both these times and assigned it as the winning time of the 1982 race.  Given that it is so far back and not really reflective of the current winning times, I felt that this would have a minor impact on results.
Actual data pulled and graph data is located in excel workbook accompanying this workup.  Refer to worksheets Data_Pull and Data_Summary.  Everything relevant to the analysis will be included in this write-up, however the excel workbook is provided as reference.  Below is a graphical representation of the winning times (vertical axes) over the number of years (horizontal axis).
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C) Autocorrelation

It is first needed to determine stationarity which allows the process to be modeled with fixed coefficients, which are estimated from historical data.  The graph of winning times shows a decreasing trend, however to verify non-stationarity, a correlogram is necessary.
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Per the correlogram above, the original time series is not stationary.  The autocorrelation does not appear to trend to zero and hence indicates it is not stationary.  Even if it does eventually trend towards zero, it does so very slowly.  Either way, the same non-stationary conclusion is derived and indicates that there is a trend in the data.  The data will then need to be transformed before a model can be fitted.
NOTE: The Auto correlation detail is located in sheet “AutoCorrelation”.  I used my own method to analyze the autocorrletaion. To check my work, I also used the NEAS method provided and this is located in sheet “AutoCorrelation_NEAS”
I will attempt to make the series stationary by taking the 1st difference and testing as done above.  The graph of the 1st difference is below.
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Notice in graph above how the 1st differential series consistently moves up and down hovering around zero.  This indicates that no trend exists.

The correlogram based on the 1st differential is shown below.  It is observed that the autocorrelation is high.  At the start to end, the series oscillates back and forth to zero throughout the series.  This indicates that the first difference is stationary and an autoregressive component is present.
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Note that this data is in sheet “1stDifference”.
D) AR Models
In order to identify the best fit model, AR(1), AR(2), and AR(3) models are developed and tested based on the Durbin Watson and Box Pierce Q statistics. 

(i) The AR(1) model takes the form Yt =  + Yt-1 + t.  Using the excel regression analysis add in, the following results were derived:

	Regression Statistics
	
	
	
	

	Multiple R
	0.900155745
	
	
	
	

	R Square
	0.810280366
	
	
	
	

	Adjusted R Square
	0.804160378
	
	
	
	

	Standard Error
	0.364322246
	
	
	
	

	Observations
	33
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	1
	17.57341282
	17.57341282
	132.3990078
	1.01426E-12

	Residual
	31
	4.114651661
	0.132730699
	
	

	Total
	32
	21.68806448
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-1.64890293
	0.900779713
	-1.830528488
	0.07680003

	X Variable 1
	1.205367427
	0.104755561
	11.50647678
	1.01426E-12


	Time Series Statistics

	Chi-Square
	39.0875

	Box-Pierce
	7.8106

	Durbin-Watson
	2.823


The model produces a decent adjusted R2 value which means that it may a good fit.  The Durbin-Watson statistic is 2.8, a value higher than 2 indicates a possible negative correlation (lower than 2 would be a positive correlation).  Hence, the residuals in this series may have a negative correlation present.  Analyzing the Box-Pierce Statistic, it is quite a bit lower than the Chi-Squared statistic at a 10% sig level with 29 dof which implies a white-noise process.

(ii) The AR(2) model takes the form Yt =  + Yt-1 + Y2-1 t.  Using the excel regression analysis add in, the following results were derived:
	Regression Statistics
	
	
	
	

	Multiple R
	0.93209679
	
	
	
	

	R Square
	0.868804427
	
	
	
	

	Adjusted R Square
	0.859756456
	
	
	
	

	Standard Error
	0.311267721
	
	
	
	

	Observations
	32
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	2
	18.60668534
	9.303342672
	96.02202159
	1.62117E-13

	Residual
	29
	2.809740235
	0.096887594
	
	

	Total
	31
	21.41642558
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-5.412169696
	1.282464426
	-4.220132415
	0.000219404

	X Variable 1
	0.752285905
	0.15455088
	4.867561451
	3.66524E-05

	X Variable 2
	0.901108084
	0.246617149
	3.653874382
	0.001014822

	Time Series Statistics

	Chi-Square
	39.0875

	Box-Pierce
	2.5567

	Durbin-Watson
	2.2910


The AR(2) model produces a better adjusted R2 value than the AR(1) model.  In addition, the Durbin-Watson statistic is much closer to 2 @ 2.32 which indicates less negative serial correlation with this model.  The Box-Pierce Statistic is also lower, creating a wider gap from the Chi-Squared statistic than the AR(1) model.  Again, this implies a white-noise process. 
(iii) The AR(3) model takes the form Yt =  + Yt-1 + Y2-1 Y3-1 + t.  Using the excel regression analysis add in, the following results were derived:

	Regression Statistics
	
	
	
	

	Multiple R
	0.943428953
	
	
	
	

	R Square
	0.890058189
	
	
	
	

	Adjusted R Square
	0.877842432
	
	
	
	

	Standard Error
	0.294346164
	
	
	
	

	Observations
	31
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	3
	18.93808401
	6.312694669
	72.86148591
	4.5882E-13

	Residual
	27
	2.339270932
	0.086639664
	
	

	Total
	30
	21.27735494
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-7.604647936
	1.552224566
	-4.899193133
	3.99334E-05

	X Variable 1
	0.517293762
	0.183623516
	2.817143328
	0.008950153

	X Variable 2
	0.67705681
	0.272898108
	2.480987554
	0.019625385

	X Variable 3
	0.721930753
	0.35853732
	2.013544234
	0.054123481


	Time Series Statistics

	Chi-Square
	39.0875

	Box-Pierce
	1.3656

	Durbin-Watson
	2.1271


The AR(3) model produces a better adjusted R2 value than the AR(2) model.  In addition, the Durbin-Watson statistic is much closer to 2 @ 2.13 which indicates an even lower negative serial correlation as compared to AR(2).  Notice that the Box-Pierce Statistic is even lower than the AR(2) model which creates a wider gap from the Chi-Squared statistic.  This indicates a white-noise process. 
E) Conclusion


Based on the model results, it is clear that the AR(3) model is the best fit out of the three models analyzed.  It has a higher adjusted R2 value, lower Box-Pierce Q and Durbin-Watson statistics.  A summary of the different stats is given in table below: 
	Statistics
	AR(1)
	AR(2)
	AR(3)

	R Sq
	0.8103
	0.8688
	0.8901

	Adj R Sq
	0.8042
	0.8598
	0.8778

	B-P Q
	7.8106
	2.5567
	1.3656

	Chi Sq
	39.0875
	39.0875
	39.0875

	D-W
	2.8230
	2.2910
	4.9759


The final model is: Yt = -7.6046 + 0.7219Yt-1 + 0.6771Yt-2 + 0.5173Yt-3 + t.  
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