
3. Sample Selection, Methodology and Empirical Results 

3.1 Sample Selection and Methodology 

 Annual data for the period 1993 through 2001 from the NAIC database of 

insurers’ annual statements are used to estimate the capital and risk equations. 

In order to illustrate the data process clearly, this study divides the process into six 

steps.  

1. Raw data are obtained from the NAIC database of insurers’ annual statements 

such as common stocks, preferred stocks, bonds, real estate etc. The original size 

of our sample of life insurers is 13403 observations.  

2. If a raw data variable component is missing or less than zero, it is replaced by 

zero, with the exception of net income. Eight observations are deleted in this 

step.  

3. We delete 1837 observations due to the fact that their total assets, total 

reserves or total adjusted capital is zero. This is because total assets, total reserve 

and total adjusted capital are used as the denominator of asset risk, product risk, 

and capital ratios respectively.  

4. After obtaining the main variables, we delete any unreasonable data, including 



a capital ratio greater than or equal to one or less than zero, product risk greater 

than one, RBC ratio less than or equal to zero, RBC ratio greater than 1000 and 

return on capital less than negative one. We deleted 517 unreasonable 

observations. The first 4 steps are sorted by year. 

5. We merge the datasets by year in order to obtain the data influenced by the lag 

effect. We delete 2049 missing values in this step.   

6. We combine the datasets. 

The equations of Baranoff and Sager (2002) require that each insurer in their 

sample survive during the sample period. This is not a prerequisite in our study, as we 

believe that the data concerning the relationship between the RBC regulation and an 

insurer’s risk taking behavior can be useful whether or nor the company survives. The 

final sample consists of 8942 observations. Because we do not require that all insurers 

survive the sampling period, the number of insurers is not the same from year to year.   

In addition, we also segment the final sample into several sub-samples according 

to SIZE (1 to 5), TYPE (mutual or stock), SIZE & TYPE INTERACTION and insurer 

STATUS (IN, OUT or STAY). We can thus explore different risk-taking behavior 

between sub-samples. The simultaneous system used in this study is estimated using 

the two-stage least squares (2SLS) procedure to analyze the relationship between an 



insurer’s capital, risk and risk-based capital requirements. We also use the three-stage 

least squares procedure (3SLS) to estimate the basic model. As the results of 3SLS are 

similar to 2SLS, we use only the 2SLS method to estimate the remainder of the 

sub-samples.   

3.2 Empirical Results 

3.2.1 The Model with the RBC Ratio 

The simultaneous system with the RBC ratio is the basic model and is similar to 

the one used in Baranoff and Sager (2002). Table 1 shows summary statistics for the 

insurers compounded over nine years. The correlation matrix of all variables is 

showed in Appendix A. The results of the 2SLS pool samples are given in panel A of 

Table 2. The change in capital ratio and change in all risks are negatively correlated. 

In addition, we find that this result reflects the product side risk in three of the 

equations in the simultaneous system. In Panel B of Table 2, we can see that the 

changes in capital ratio, asset risk and product risk are negatively related to 

beginning-of-period levels.  

In contrast with the results of Baranoff and Sager (2002), we find that the 

coefficients of the RBC variable on both asset and product risk equations are either 

zero or insignificant. In the next section, we further classify the insurers in our sample 



into n group, to replace the RBC ratio and improve the model. 

From the empirical results, some variables are statistically significant. Return on 

capital (ROC) is positive and significant in both capital and all risk equations. When 

we turn to the asset/product side risk measurement, we find it was positive and 

significant only in the product risk equation. It follows, therefore, that insurers with 

higher returns on capital will also see an increase in their capital ratio and product 

risk. 

Size (LOG_ASSET) is always negative and significant in capital, asset and 

product risk equations. This shows that small insurers will increase capital held and 

also increase their risk on both the asset and product sides. This result is expected, as 

larger insurers can afford to take more risks.  

Unaffiliated single insurer (SINGLE) has a negative influence on capital and 

product risk equations and it appears that insurers that are non-part of a large affiliated 

group of companies tend to decrease capital holdings and product risk. But we note an 

interesting result in the sub-sample SIZE 1 (Asset_100), where the SINGLE variable 

is positive and significant in all equations. This means that the larger insurers, who are 

non-part of a large group, have increased capital, assets and product risk. 

Organization form (TYPE) is negative and significant in capital and product risk 



equations. This means that a stock insurer retains a lower capital ratio \ higher debt 

ratio and a lower product risk. This result is consistent with agency theory that 

risk-taking is inversely related to the degree of separation of ownership from 

management. 

The IN variable is negative and significant in capital equations, and the OUT 

variable is negative in asset risk equations. This shows that a new company will 

decrease its capital ratio, and before bankruptcy, a company will decrease its asset 

risk. 

In this study we sort and analyze 11 samples by POOL, SIZE (1 to 5), TYPE 

(mutual or stock), and STATUS (IN, OUT, and STAY). In comparing the sample 

results, we find that the significant variables and the relationship between capital and 

risk are almost always the same. We therefore do not analyze any further sub-samples.  

The results are presented in Table 4. The summary statistics of sub-samples SIZE 、

TYPE and STATUS are showed in Appendix B、C、D respectively.   

3.2.2The Model with 3 or 10 RBC Classes 

    The effect of the RBC standards on insurer changes in capital and change in risk 

are the main motives for this study. We use several methods to clarify the effect of the 

RBC standards. In the model with RBC ratio, it is found that the RBC ratio is 



insignificant in asset/product risk equations. We speculate that this is because the 

relationship between the RBC ratio and the capital ratio may not be a linear function. 

It is that a curve might be a better way to express this relationship. We therefore 

classify the insurers in our sample into n groups according to their measurements of 

the RBC ratio (i.e. the top and bottom 30%) and RBCRATIO1 – RBCRATIO10. In 

this way, we explore the difference in behavior between each group and then explore 

further to discover other points of interest. The significant relationships of RBC class 

variables are shown in Table 6. 

The results show that life insurers having an RBC ratio in the bottom 30% for the 

previous year increase their capital ratios. Insurers having an RBC ratio in the top or 

bottom 30% for the previous year decreased or increased risk, measured as all risk. 

We also find that risk is reflected from the product side risk when risk is measured by 

both asset and product risk. We then check the results of the RBCRATIO1 to 

RBCRATIO10 models. It is interesting to note that the insurers with RBC ratios in the 

top 20% for the previous year would decrease their asset side risk. This means that 

these companies decrease their asset and product side risk, while insurers with RBC 

ratios in the bottom 50% increase their product risk. 

In addition, we anticipate that the insurers with the same RBC rank but of a 

different SIZE, TYPE, or STATUS might have different risk-taking behavior. So we 



divide our sample into several sub-samples using three criteria. First, we separate 

insurers by SIZE into five sub-samples. Seconds we divide insurers by TYPE into two 

sub-samples, and then we further separate the insurers by STATUS into two 

sub-samples.  

The T test for RBC ratio and Size (or Type) between sub-samples can give us 

very important information. The results of the T test are presented in Table3. We find 

that the size of an insurer is in inverse proportion to the RBC ratios in panel A of 

Table 3. The RBC ratios of stock insurers are significantly higher than mutual insurers, 

but their size is significantly smaller. The results of estimating the simultaneous 

system for these sub-samples are presented in Table 4. 

3.2.3 Sub-Sample by Insurer’s Size 

The results of sub-samples SIZE 1 to SIZE 5 are presented in Tables 4-1 and 4-2. 

The insurers in the sub-samples SIZE 1 to SIZE 3 with RBC ratios in the top 30% 

from the previous year decrease their capitals, but the insurers in SIZE 5 with an RBC 

ratio either in the top or bottom 30% increase their capitals. This means that the larger 

life insurers with higher RBC ratios decrease their capitals, while the smaller insurers 

increase their capitals regardless of having a high or low RBC ratio.  

In the risk equation, the insurers in the sub-samples SIZES 1 to 3, with RBC 



ratios in the top 30% from the previous year decrease their risk, while the insurers in 

the SIZE 5 category with RBC ratios in the bottom 30% increase their risk. Further, in 

the asset/product risk equations, the insurers in SIZES 1 to 3 with RBC ratios in the 

top 30% decrease both their asset and product risk or only their product risk. The 

insurers in the SIZE 5 category with RBC ratios in the top/bottom 30% would 

decrease/increase their asset/product risk. This means that larger life insurers with a 

higher RBC ratio decrease their asset or product risk, but insurers with higher RBC 

ratios and smaller size decrease their product risk only. Also, smaller insurers with 

lower RBC ratios exhibit higher risk-taking behavior, especially on the product side. 

We compare the five SIZE sub-samples with their RBC ratios. We find that given 

a higher RBC ratio from the previous year (RBC_A3), larger insurers decrease capital 

and asset/product side risk, while smaller insurers increase capital and decease their 

product side risk. Given a lower RBC ratio from the previous year (RBC_U3), large 

insurers only increase asset side risk, while the smaller insurer increase capital and 

product side risk.   

3.2.4 Sub-Sample by Insurer’s Organization Type  

The results of the sub-samples broken down by type (mutual or stock) follow.  

Stock insurers with RBC ratios in the bottom 30% from the previous year increase 



their capitals, while in the asset/ product risk equations, the stock insurers with RBC 

ratios in the top 20% decreased their asset risk. Those stock insurers with lower RBC 

ratios increase their product risk. Our findings with regard to mutual insurers are that 

all results are insignificant. This is consistent with our forecast that stock insurers are 

willing to bear more risk than mutual insurers and implies that mutual insurers will 

not be affected by the RBC requirement. We also consider the interaction effect 

between TYPE and SIZE, but find nothing significant.  

3.2.5 Sub-Sample by Insurer’s Status 

 In the results of the sub-samples IN and OUT and STAY, the OUT and STAY 

insurers with RBC ratios in the bottom 30% one year ago increased their capital. In 

the asset/product risk equations, the IN insurers with RBC ratios in the top 30% 

decrease their product risk. The OUT insurers with RBC ratios in the bottom 30% 

increase their product risk. The STAY insurers with RBC ratios in the top/bottom 30% 

decrease/increase their asset/product risk. 

We compare the results of the OUT insurers with the SIZE 5 category.  It is 

interesting to note that the risk-taking behavior of smaller insurers with lower RBC 

ratios is the same as the OUT insurers with lower RBC ratios. This implies that the 

risk-taking behavior of smaller companies with lower RBC ratios may increase the 

probability of bankruptcy.   


