
2. Model and Variable 

2.1 Model Specification 

 The model chosen allows us to explore the impact of the Risk-Based Capital 

(RBC) standard on the capital and risk-taking behavior of life insurers. The capital 

and risk-taking behaviors of the life insurers are determined simultaneously. To 

recognize this, we based our analysis of the life insurers’ risk-taking behavior on the 

simultaneous equation model developed by Shrieves and Dahl (1992). Cummins and 

Sommer (1996) also employed this model to explore the capital and portfolio risk 

decisions made by property- liability insurers. A similar research of life insurers is 

done by Baranoff and Sager (2002).  

In accordance with previously findings, characterization of the observed change 

in risk level and capital are modeled with three components; one discretionary 

adjustment, one change caused by factors exogenous to the life insurers, and a 

Risk-Based Capital ratio calculated by the regulator using the previous year’s data.  

This is an important variable in this study because we expect the RBC ratios to 

influence a insurer’s capital ratio and risk level. Thus, changes in capital ratio and risk 

can be written as follows: 
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where 

tjCAP ,∆  = The observed changes in the capital-to-asset ratio of insurer j  from 

time 1−t  to t , 

tjRISK ,∆ = The observed changes in the risk of insurer j  from time 1−t  to t 

1, −tjRBC = The regulator level of insurer j  at time 1−t , 

D
tjCAP ,∆ = The endogenously determined adjustment to capital of insurer j  

from time 1−t  to t , 

D
tjRISK ,∆ = The endogenously determined adjustment to risk of insurer j  from 

time 1−t  to t , 

C
jtε 、 R

jtε = the endogenously determined  adjustment to capital and risk from 

time 1−t  to t , 

In any period, insurers may not be able to adjust their target capital and risk 

levels immediately. We model the behavior of insurers in a partial adjustment 

framework. In the partial adjustment model, the endogenous components of the 

changes in capital and risk level are proportional to the difference between the 

insurer’s target level and the levels existing in period t-1; 
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where 

*
,tjCAP = the j  insurer’s target capital to asset ratio at time t , 

*
,tjRISK = the j  insurer’s target risk level at time t , 

Cα  and Rα = adjustment coefficients for capital ratio and risks respectively. 

Substituting Equ. (3) and (4) into Equ. (1) and (2), the observed changes in capital and 

risk can be written as follows: 
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In this study, the target level of the insurer’s capital ratio and risk are not 

observable, but the target levels are influenced by a number of explanatory variables. 

We introduce several variables to explain changes in capital and risk. The model can 

be re-written as follows:  
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where 

 C
0β  and R

0β  are intercepts, 

    EV  are explanatory variables, 

C
tj,δ  and R

tj,δ  are the unexplained adjustments of capital ratio and risk 

respectively.  

The sources of risk for a life insurer come from underwriting (liability side) and 

their investment (asset side). We introduce risk measurements adopted by Baranoff 

and Sager (2002). The RISK∆ equation (8) is separated into two equations in order to 

recognize the source of risk. One is ASSETRISK∆ 1and the other is KPRODUCTRIS∆ . 

The equations (7) and (8) can be re-written as follows:  
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where 

                                                 
1 The detail definitions are showed in section 2.2.1.   



  CAP
0λ 、 ASSET

0λ  and PRODUCT
0λ  are intercepts, 

 =∆ −1,tjASSETRISK the observed changes in the asset risk of insurer j from time 

                  1−t  to t , 

=∆ −1,tjKPRODUCTRIS the observed changes in the product risk of insurer j from 

time 1−t  to t , 

We estimate the simultaneous system of Eq. (7) and (8), and then estimated the 

system of Eq. (9), (10) and (11) again. We compared these two results to check the 

source of risk.  

2.2Variables 

2.2.1 Endogenous Variables 

u CAP_ RATIO:  

      
AssetsTotal

CapitalAdjustedTotal
RATIOCAP =_  

Capital is measured using the adjusted book value. We do not use the 

market value, because most life insurers are not publicly traded and their market 

values are not readily available. Capital ratio is defined as the total adjusted 

capital divided by total assets. 



u ASSET RISK2:  
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 We use the measure of risk adopted by Baranoff and Sager (2002) which is the 

sum of various risk loadings on the book value of a firm’s assets. This asset risk 

measure represents a weighted average risk of individual asset. 

u PRODUCT RISK3:  
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Since the product risk Baranoff and Sager (2002) used cannot completely reflect 

the product side risk4, we therefore use another risk measure of the liability side. This 

measurement is similar to the main items and weight of life used in the RBC formula.  

2.2.2 Explanatory Variables 

u ROC (Return on Capital): 

                                                 
2 Asset risk for each year=Σ﹛total low quality bonds × (0.30 + 0.30 + 0.09) / 3, total high quality 
bonds × (0.04 + 0.01 +0.003) / 3, total stocks × (0.30 + 0.023) / 2, total mortgages × 0.03, total real 
estate × (0.1 + 0.15 + 0.1) /3, and total short term investments and cash × 0.003﹜, with the result 
then divided by total insurer assets. 
 
3 Product risk for each year=Σ(accident and health reserve × 0.05 +accident and health premiums  
earned × 0.05 + total individual & industrial amount at risk + total group and credit net amount at risk)  
with the results then divided by total reserves. 
 
4 Baranoff and Sager selected the ratio of health writings to total writings by an insurer as the product 
risk measure. 



Since retained earnings are a major source for increasing capitals we introduce 

this variable into our model. We anticipate a significant positive relationship between 

capital ratio and the return on capital. This expectation is also present in both Berger 

(1995) and Baranoff and Sager (2002). 

u LOG_ASSET (Natural Log of Total Assets):  

One important factor in insurer behavior is insurer size. In order to capture this 

effect, we use the natural log of total assets. Size may have an impact on the insurer’s 

capital level and target risk because the larger the insurer base, the greater the benefits 

of diversification. We anticipate that larger insurers would exhibit more significant 

risk-taking behavior. So we divide the sample into five levels5 - SIZES 1 to 5, to 

explore this hypothesis.    

u TYPE (Mutual or Stock):  

According to one modern theory of firm, agency costs provide an explanation for 

the structure of organizations. Managerial discretion especially, is a factor which 

influences an insurer’s risk taking behavior. We focus on two most important 

organization types in the life insurance industry – stock insurers and mutual insurers. 

Agency theory implies that risk-taking should be inversely related to the degree of 

                                                 
5 We divide each sample into five levels of 20% each. For example, the sub-sample SIZE1 comprises 
insurers in the top 20% of log assets, and so on. 
 



separation of ownership from management. Our prediction is that stock insurers 

would be willing to bear more risks than mutual insurers. Stock companies are 

defined as Type 1 and mutual companies as Type 0.   

u SINGLE (Unaffiliated Single Insurer):  

Shrieves and Dahl (1992) show that banks, which are part of a group of affiliated 

companies, may have different mechanisms for controlling /monitoring managerial 

performance. Cummins and Sommer (1996) show that unaffiliated single 

property- liability insurers would decrease their capital and increase their risk. Their 

results consist with the default option theory tha t when the insurer belongs to a group, 

the reputation costs are likely to prevent the group members from exercising the 

default option. We introduce an index represent ing an insurer’s membership in a 

group of affiliated companies, where an index of 0 represents a member who belongs 

to a group of affiliated companies and 1 represents non-affiliation. We anticipate that 

there would be a significant negative relationship between capital ratio and SINGLE, 

and a positive relation between risk and SINGLE.  

u IN & OUT (Insurer Status):  

It is not required that insurers survive the sample period. Insurers in our sample 

fall into three categories. The first category comprises new insurers setting up during 



the sample period. In the second category, insurers go out of business during the 

sample period. The remainder is in business throughout the whole sample period. The 

variable IN is equal to 1 if the insurer is a new company; otherwise it is equal to zero. 

The variable OUT is equal to 1 if the insurer is bankrupt; otherwise it is equal to zero.             

u YEAR:  

Industry changes generally occur in the regulatory or macro-economic 

environment that could have a systematic impact. In order to capture this effect during 

the years of the study, binary variables are added to the specification: - Year95, Year96, 

Year97, Year98, Year99, Year2000, and Year2001. Year95 is equal to 1 for 

observations in 1995; otherwise zero, and so on. 

2.2.3 Regulatory Pressure Variables 

 Regulatory pressure and how it impacts an insurer’s risk taking behavior is one 

of the points that we focus on. Previously, most literature uses only the RBC ratio to 

capture this effect. A possible explanation for this is that the relationship between the 

RBC ratio and the capital ratio may not be a linear function. A curve may be a better 

function to display this relationship. Therefore, this study classifies the insurers into n 

groups using the top and bottom 30% of RBC ratio and RBCRATIO1 – 

RBCRATIO10 to capture the regulatory pressure. 


