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Regression Analysis Student Project

Introduction/Background
As a pension actuary in today’s market we deal with a lot of take over plans.  One of the most important issues in dealing with a take over is matching the prior actuary’s results.  One of the key steps to matching is to use the same mortality assumptions as the prior actuary, but unfortunately not every aspect of the mortality assumptions are made available.  For example; the mortality table used, the set back period1, is the table generational or static2, and are there separate assumptions for male/female?  In order to accurately mimic the unknown assumptions we collect as much data from the prior actuary as possible.  
In this case we were given the mortality table to use and a sample of 368 individuals (half male, half female) from the original study used to create the mortality assumptions.  This sample data contains the age the people entered the study (ranging from 25 to 70), and the number of years lived after entering the study.  Outliers have already been sorted out of this sample (accidental deaths).
The attached excel workbook contains the mortality table used on the Mortality tab, and the study data on the Data tab.
Procedure

We are going to attempt to fit expected future lifetimes to our given data.  Since we are given the mortality table the questions we have left to answer are; is there a set back period applied to the mortality table, is the table generational or static, and is there a significant difference between the future lifetimes of males and females?
We will begin our analysis by attempting to fit the unadjusted mortality table to the sample data.  If this does not create an acceptable fit we will use dummy variables to make better estimates.  The Regression tool from excel add-ins will be used for this analysis.

Without Dummy Variables
The results from the first regression analysis can be found in the attached excel workbook in the No Dummy Variables tab.  The following is the residual plot.
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Looking at the Residual Plot we can see that all of the females in the study have a positive residual (the residuals hover around 3.3) and all of the males have a negative residual (the residuals hover around -3.3).  The residuals should all be centered on the x-axis.  This lets us know the females have a higher life expectancy then the unadjusted mortality table and the males have a lower life expectancy then the unadjusted mortality table.
We can tell in this step that we are on the right track by noticing the patterns in the residual plot.  Examining the males and females separately we can see that each appears to be linear and horizontal.  If there were a generational assumption the residuals at this step would not follow a horizontal pattern and may not even be linear.  Therefore we can be sure the static assumption is the one to use.
Also take note of the R2, Adjusted R2 and the standard error in the following table.

	Regression Statistics

	Multiple R
	0.964553

	R Square
	0.930362

	Adjusted R Square
	0.930171

	Standard Error
	3.441741

	Observations
	368


These are not indicative of a good fit.  The R2, and Adjusted R2 need to be closer to 1, and the standard error is much too large.  

With Dummy Variables
It is very clear that there is a difference between the future lifetimes for males and females.  This means we must introduce dummy variables to distinguish between the two.  We are going to use the following equation;

y=e(x+B1*X1+B2*X2)

x = age entered the study

B1*X1 = the adjustment for females

B2*X2 = the adjustment for males

After a few attempts we honed in on the best fit.  For ease of presentation we will skip to the equation that produces the best fit.  The results from is regression analysis can be found in the attached excel workbook in the With Dummy Variables tab.  The following is the residual plot;
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With an adjustment of +2 for males and -5 for females this residual plot looks much better.  As we would expect to see the residuals for both the males and the females are centered on the x-axis.  This plot also gives a good visual of how much better the life expectancy is for females than that of males.

Now let’s look at the R2, Adjusted R2 and the standard error in the following table.
	Regression Statistics

	Multiple R
	0.998255

	R Square
	0.996512

	Adjusted R Square
	0.996503

	Standard Error
	0.770225

	Observations
	368


These are indicative of a good fit.  The R2, Adjusted R2, and standard error are all now acceptable.

Conclusion
Through this regression analysis we were able to fit the mortality table to the given data.  Our first attempt did not produce a significant fit, therefore we added dummy variables.  Using dummy variables we were able to create an equation that did produce a significant fit.  We determined that the mortality table was static and that the set forward period for males was 2 years and the set back period for females was 5 years.
1In this case a set back period of 5 years means the future lifetime for a 30 year old can be found by calculating the future lifetime for a 25 year old in the given mortality table.

2A generational table uses a load factor to account for improvements in mortality every year after entry into the study while a static table assumes no improvements in mortality.

