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1. Introduction
The purpose of this project is to study the relationship between industry-level-aggregated life insurance sales and economic and financial indexes. Whole life insurance guarantees coverage for the entire life span of the policyholder, thus ensuring that a death benefit will be paid if the policy is kept in force by payment of premiums.1 The guaranteed cash value that a policyholder could borrow against grows on a pre-tax basis and the death benefits are generally income tax free to the beneficiary. These guarantees within the whole life insurance design make it very popular for estate planning among middle class and rich families. Therefore, the life insurance sales should grow hand in hand with the household income, the stock market performance and possibly short or long term interest rates. 
2. Data Collection
The life insurance sales data are collected from LIMRA2 survey of insurance industry. This is a proprietary data source available only to participating companies. For the initial model, eight explanatory variables are selected to describe the state of economy. The data are collected from Federal Reserve Bank of St. Louis FRED Economic Data3 on a quarterly basis from Jan 1996 to Jan 2008. The variables and descriptions are listed in table 1.
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Sales

life insurance sales (in million) 

GDP

Gross Domestic Product (in billion)- Seasonally Adjusted Annual Rate 

S&P

Standard & Poor 500 index

DPI

Disposible Personal Income (in billion)- Seasonally Adjusted Annual Rate 

UNEMP

Unemployment Rate

TB3MS

3-Month Treasury Bill: Secondary Market Rate

GS1

1-Year Treasury Constant Maturity Rate

GS7

7-Year Treasury Constant Maturity Rate

GS20

20-Year Treasury Constant Maturity Rate


From the list, one can easily infer that the multicollinearity would be an issue. In the analysis section, the correlation matrix will be generated, on which the elimination of highly correlated variables will be based. The goal is to construct a simple yet efficient regression model to predict future life insurance sales. 

3. Analysis


Excel build-in ANOVA package is used for the regression analysis. The t-statistics and p-value will be used to determine the significance of the explanatory variables. 
3.1 Unrestricted Model
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Multiple R 0.96666428

R Square 0.93443983

Adjusted R Square 0.921327796

Standard Error 342.9992642

Observations 49

ANOVA

df SS MS F Significance F

Regression 8 67074529.96 8384316.2 71.265818 3.14075E-21

Residual 40 4705939.81 117648.5

Total 48 71780469.77

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept -42.977 2273.057 -0.019 0.9850 -4636.997 4551.042

GDP 0.449 0.683 0.658 0.5141 -0.930 1.829

S&P -1.693 0.692 -2.447 0.0189 -3.092 -0.295

DPI 0.390 0.880 0.444 0.6597 -1.388 2.168

UNEMP -50944.478 30077.282 -1.694 0.0981 -111732.931 9843.975

TB3MS -6524.800 33318.230 -0.196 0.8457 -73863.454 60813.855

GS1 -19885.919 49911.577 -0.398 0.6924 -120760.977 80989.140

GS7 28561.140 63448.498 0.450 0.6550 -99673.056 156795.336

GS20 -6068.080 54495.004 -0.111 0.9119 -116206.591 104070.431


The full model with 8 explanatory variables has R2 = 0.9344 and adjusted R2 = 0.92133. The high R2 signifies that the explaining power of the eight variables are strong, in fact, about 94% of the variance in life insurance sales are explained by the selected explanatory variables. 
By definition, P-value is the probability that an effect at least as extreme as the current observation has occurred by chance.4 Low P-value rejects the null hypothesis, which is the coefficient of the explanatory variable is indeed zero. According to the above table, only S&P has a P-value lower than 5%. 

T-distribution is a continuous probability distribution that arises in the problem of estimating the mean of a normally distributed population when the sample size is small.5 The above data set consists of 49 observations and 8 explanatory variables, thus the degree of freedom is 49 – 8 – 1 = 40. As the number of degrees of freedom grows, the t-distribution approaches the normal distribution with mean 0 and variance 1. Therefore, the t – stat for 95% significance is approximately 1.96. Similar to p-value test, only S&P is significant based on t-test. 
However, it is not prudent to eliminate all other 7 explanatory variables just based on this p-value or t-test. As mentioned in Data Collection section, the selected explanatory variables are not orthogonal. Some variables exhibit strong correlations, i.e. GDP and DPI. Under this situation, the regression may not give valid results about individual predictor or about which predictor is redundant with others. Therefore, the economic theories or common sense may be needed to determine which predictor to eliminate. First, let’s examine the correlation matrix between the predictors.

3.2 Correlation Matrix
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GDP

1

S&P

0.6163307 1

DPI

0.9979484 0.6006679 1

UNEMP

0.0351917 -0.636779 0.0714956 1

TB3MS

-0.301287 0.1923222 -0.341552 -0.779806 1

GS1

-0.34783 0.1472775 -0.38935 -0.743661 0.9881604 1

GS7

-0.659266 -0.132977 -0.685147 -0.488616 0.8071227 0.8637975 1

GS20

-0.824071 -0.386042 -0.834998 -0.213333 0.5568607 0.6264868 0.9237276 1


The correlation between GDP and DPI is 99.7%, which means the personal disposable income resembles nearly perfectly with the movement of the GDP between 1996 to 2008. Considering that the response variable is life insurance sale, which is part of personal expense, and DPI is a more direct indicator of a household purchasing power, GDP will be dropped in the following revised model.
High correlations also appear among the treasury rates. TB3MP, the 3 month treasury rate has a correlation of 0.988 with 1 year treasury rate, 0.807 with 7 year treasury rate and 0.556 with 20 year treasury rate. These high correlations will distort the estimation of corresponding coefficients. This will be addressed in the following model revisions. First, the revised model without GDP will be studied. 
3.2 Revised Model without GDP
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Multiple R 0.966296862

R Square 0.933729625

Adjusted R Square 0.922415171

Standard Error 340.6206186

Observations 49

ANOVA

df SS MS F Significance F

Regression 7 67023551.13 9574793.018 82.52537905 4.09691E-22

Residual 41 4756918.639 116022.4058

Total 48 71780469.77

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept 201.958 2226.845 0.091 0.928 -4295.246 4699.162

S&P -1.692 0.687 -2.462 0.018 -3.080 -0.304

DPI 0.965 0.103 9.345 0.000 0.757 1.174

UNEMP -52533.496 29772.348 -1.765 0.085 -112659.971 7592.979

TB3MS -18089.568 28113.594 -0.643 0.524 -74866.124 38686.987

GS1 -1264.059 40835.200 -0.031 0.975 -83732.416 81204.299

GS7 14736.872 59456.902 0.248 0.805 -105338.776 134812.521

GS10 793.065 53117.992 0.015 0.988 -106480.895 108067.024


The revised model with 7 explanatory variables has R2 = 0.9337 and adjusted R2 = 0.9224. Comparing this with the unrestricted model, R2 decreases by 0.0007 while adjusted R2 increases by 0.0011. The increase in adjusted R2 justifies the elimination of the GDP as an explanatory variable. The F statistics, which increases from 71.3 to 82.5, confirms the above conclusion. 
As correlation between GDP and DPI is eliminated, both the t-stats and p-value show that S&P and DPI are significant. If the criterion of significance is loosened to 90%, UNEMP also passes the test. Thus we will continue to keep S&P, DPI and UNEMP for the next round revised model.

As discussed in the section of Correlation Matrix, the high correlation between treasury rates could cause errors in the estimation of coefficients. Base on the t-stat and p-value, TB3MS, the 3 month Treasury bill rate, seems to have the highest significance. Thus, GS1, GS7 and GS20 will be eliminated in the revised model.
3.3 Revised model without GS1, GS7, and GS20
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Multiple R 0.965388995

R Square 0.931975912

Adjusted R Square 0.925791904

Standard Error 333.1257264

Observations 49

ANOVA

df SS MS F Significance F

Regression 4 66897668.79 16724417.2 150.7074238 4.47805E-25

Residual 44 4882800.981 110972.7496

Total 48 71780469.77

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept 51.407 1653.016 0.031 0.975 -3280.027 3382.841

S&P -1.358 0.538 -2.524 0.015 -2.442 -0.273

DPI 0.890 0.060 14.756 0.000 0.768 1.011

UNEMP -36383.951 24051.294 -1.513 0.137 -84856.148 12088.247

TB3MS -10037.891 6182.455 -1.624 0.112 -22497.810 2422.027


The revised model with 4 explanatory variables has R2 = 0.9320 and adjusted R2 = 0.9258. Compared to the 7-variable model, the R2 decreases by 0.0017, but the adjusted R2 increases by 0.0034. With these 4 explanatory variables, the regression model still can explain 93.2% of the variance in the insurance sales. The F statistics has increased to 151, much higher than that of the 7-variable model. The above F test, also known as omnibus F test, examines the ratio of explained variance to unexplained variance. The test statistic can be read from the F distribution table with degree of freedom (4, 44). 
The t-Stat and p-value are more meaningful as most of the multicollinearity is eliminated. From the t-stat and p-value, both S&P and DPI are significant as indicated by previous models. In order to construct a model as simple as possible, UNEMP and TB3MS with comparative lower t-stat and higher P-value, will be dropped in the final model. 
3.4 Final Model
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Multiple R 0.963173623

R Square 0.927703427

Adjusted R Square 0.924560098

Standard Error 335.8791821

Observations 49

ANOVA

df SS MS F Significance F

Regression 2 66590987.82 33295493.91 295.1340297 5.75052E-27

Residual 46 5189481.949 112814.825

Total 48 71780469.77

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept -2532.545 275.385 -9.196 0.000 -3086.866 -1978.224

S&P -0.772 0.244 -3.161 0.003 -1.263 -0.280

DPI 0.857 0.041 21.158 0.000 0.776 0.939


The two explanatory variable model has R2 = 0.9277 and adjusted R2 = 0.9246. Based on t-stat and p-value, both S&P and DPI pass significance tests. 
The resulting model is 

Sales = -2532.545 – 0.772*S&P + 0.857*DPI

The coefficient of S&P is negative, which seems to indicate that when the market rallies, the sales of life insurance drop and when the market recesses, the sales of life insurance grow. This conclusion is contradictory to the common sense. This can be explained by the positive 0.6 correlation between S&P and DPI. When there is a correlation between the explanatory variables, the estimates of their coefficients are biased. However, this won’t affect the combined explaining power for the response variable. And simply dropping S&P will lose some explaining power for sales that DPI does not have. 
3.5 Serial Correlation - Durbin-Watson Statistic

The Durbin–Watson statistic is a test statistic used to detect the presence of autocorrelation in the residuals from a regression analysis.6 The value of the test statistic d always lies between 0 and 4, with d = 2 indicating no autocorrelation. 
The calculated DW test statistic is 2.7973, which indicates a negative autocorrelation. To test for negative autocorrelation at significance level of 5%, the test statistic (4 – d) is compared to the lower and upper critical values.

For N = 49, K=3 and a = 5%, dL= 1.45635 and dU= 1.62573. As (4 – d) = 1.2027 is less than dL = 1.45635, there is statistical evidence that the error terms are negatively autocorrelated. In regression, this can imply an underestimation of the level of statistical significance.
4. Conclusion:

The two-variable model, Sales = -2532.545 – 0.772*S&P + 0.857*DPI, is chosen as the best model. Compared to the unrestricted and revised models, the two-variable model is much simpler, provides similar results (based on R2 and adjusted R2) to the more complex models. The conclusions that life insurance sale increases as DPI increases is reasonable, and the fluctuation of S&P index could help to explain some of the variations in the sales. 
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