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Abstract 
 

Based on the criteria of the Swiss Solvency Test, Solvency II, RBC and 
minimizing total frictional cost, we establish integrated models to determine the 
adjustment capital required, investment strategy and reinsurance strategy by 
numerically analyzing the effect of several important parameters. Results illustrate 
that when the cost of reinsurance is low or the frictional cost of capital is high, 
reinsurance is especially attractive as an effective instrument for capital 
management. However, when the cost of reinsurance is high or the frictional cost 
of capital is low, capital can partly or fully substitute for reinsurance. Furthermore, 
in most cases, setting the regulatory capital level either by Solvency II or the Swiss 
Solvency Test leads to greater prudence than determining insurer capital level by 
minimizing total frictional cost, except when the cost of capital is very low. 
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Introduction 
 
Insurers use various strategies, methods and tools to manage risk, including 

reinsurance, increasing the amount of capital held and optimizing the investment 
portfolio. In this light, insurer risk management may be viewed as a system 
engineering project whereby managers assess the costs and benefits of various 
financial tools to determine optimal risk management strategies to achieve overall 
profitability and financial strength. 

While capital provides a safety net that helps an insurer reduce the likelihood 
of financial distress, increasing the amount of capital held is costly (Staking and 
Babbel, 1995). Developments in global insurance regulation are aimed at risk-
based supervision that accounts for all financial, insurance and business risks, 
particularly asset and liability risks. For example, the Swiss Solvency Test (SST) 
proposes the concept of target capital.1 Solvency II, the European Union (EU) 
framework for prudential regulation of insurers, presents the concept of the 
solvency capital requirement (SCR).2 In the U.S., necessary economic capital is 
defined by the NAIC in terms of an insurer’s RBC. Eling, Schmeiser and Schmit 
(2007), Eling and Holzmuller (2008), Holzmuller (2009), Cummins and Phillips 
(2009), and Gatzert and Wesker (2012) analyze and compare the recent 
developments in global solvency regulation. 

Dhaene et al. (2003) discuss the determination of optimal capital by 
minimizing the capital cost above risk-free interest and insolvency cost. Chandra 
and Sherris (2006) note that minimizing frictional cost of capital produces an 
optimal capital level based on value at risk (VaR) at much lower levels than 
observed.3 They established single-period and multiple-period optimization 
models under the assumption that the return on insurer assets is deterministic. For 
a discussion of other research addressing capital and capital allocation, see Mao 
and Ostaszewski (2010).  

 
 
 
 
 
 

                                                 
1. As discussed in Luder (2005), the Swiss Solvency Test (SST) is a stochastic risk model 

that includes scenarios for market risk, insurance risk and credit risk in order to determine target 
capital. 

2. Solvency II aims to be a forward-looking, risk-sensitive regulatory structure, focusing on 
capital adequacy, governance and overall risk management through a total balance sheet 
approach. Solvency II further develops insurance regulation, similar to developments in bank 
regulation in Basel II. 

3. Frictional cost of capital is defined as taxation and investment cost on assets backing the 
required capital over the projected lifetime of underlying risk. See: Smith (2010) and 
www.pwc.com/gx/en/actuarial-insurance-services/pdf/european-insurance-cfo-forum-mcev.pdf. 
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From Table 4 and Table 5, we find that the optimal adjustment capital 
required is greater with the constraints of Solvency II and the SST than without 
these constraints of insolvency. The tables illustrate that Solvency II and the SST 
tend to be more prudent in terms of determining optimal capital level.  

From Table 4 and Table 5, we also find that the investment strategies are more 
aggressive when optimal adjustment capital required is greater or the premium 
income is greater. The higher capital and higher premium income can help the 
insurer to hedge the investment risk so as to allow for more aggressive investment 
strategies. All of these findings provide insight on the decision of optimal capital, 
investment and reinsurance strategies. 

Next, we perform a sensitivity analysis of the optimal adjustment capital 
required, investment and reinsurance strategies to the change in several critical 
parameters, including the ratio of the frictional cost of capital, cc; the rate of 
reinsurance cost, ; the drift of the rate of return on risky assets, ; the volatility of 
the return rate of the risky assets invested, ; the volatility of claim loss rate, 1; 
and the ratio of total bankruptcy cost to firm value, cf. 

 

The Effect of Changes in cc,  
 

Table 6 and Table 7 display the optimal values of the proportions of 
reinsurance retention and the risky assets invested and the capital adjusted by the 
insurer for different values of the ratio of capital cost cc and the rate of reinsurance 
cost , when we use the criteria of minimizing the total control cost. The 
confidence level is set equal to 0.5% for Solvency II and 1% for the SST. We 
present the results for the second scenario of premium income. (The analyses of 
the other two scenarios of premium income are similar.) 

The results in Table 6 show that the optimal investment strategy, *, tends to 
be more aggressive when the ratio of capital cost, cc, is small and the optimal 
adjustment capital required, K(1)*, is large with the optimization model without 
constraint of insolvency. (The optimal portion of risky assets (*) equals 0.55 
when the ratio of capital cost, cc, is 0.02, and the optimal adjustment capital 
required, K(1)*, is 13.5.) However, the investment strategies tend to be more 
conservative with increases in the ratio of capital cost and with decreases in the 
optimal adjustment capital required. The portion of risky assets becomes zero 
when the optimal adjustment capital required is very small or negative. Because 
lower capital level means higher insolvency risk, the insurer should select a more 
conservative investment strategy in order to reduce investment risk and further to 
reduce insolvency risk. However, based on the estimation from the second and 
third model (with constraint of insolvency), the optimal capital levels are much 
higher than those estimated by the first model (without constraint of insolvency). 
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Table 6 note:  – the confidence level;  – the rate of reinsurance cost; K(1)* – the optimal adjustment 
capital required; * – the optimal portion of risky assets; a* – the optimal portion of retention; FC1* – 
the optimal total friction cost; E(X(1))* – the optimal expected surplus at time 1; Pr*(X(t)0,0t1) – 
the optimal insolvency probability;  – the drift of return rate of risky assets; 1 – the volatility of 
return rate of risky assets; r – the risk-free interest rate; 2 – the volatility of claim loss; cc – the ratio of 
frictional capital cost; cf – the ratio of the total bankruptcy cost to firm value. 
 
 
 

However, it is slightly decreasing with the increase of the rate of capital cost, 
and the optimal investment strategies are more aggresive than those determined by 
the first model for most cases—except for two cases in which the rate of capital 
cost is very low (rc = 0.02, 0.04 in our cases). Given the constraint of low 
probability of insolvency, the insurer must hold more capital to reduce insolvency 
risk, even though the capital is expensive. The higher capital level allows the 
insurer to follow a more aggressive investment strategy so as to increase 
investment return and decrease total frictional cost.  

In addition, the total cost FC1 (frictional cost of capital and the cost of 
bankrupcty) is larger for Solvency II and the SST than that for the optimization 
model without constraint of insolvency. The exceptions are the cases in which the 
ratio of capital cost cc  0.04 and the optimal adjustment capital required by 
Solvency II and the SST, K(1)*, is higher than what was determined by the 
optimal model without constraint of insolvency—except for the cases where the 
ratio of capital cost cc  0.04. That is, in most cases, Solvency II and the SST are 
more prudent in determining optimal adjustment capital required than by only 
minimizing the total frictional cost.  

The results of Table 6 also show that the optimal insolvency probabilities,  
Pr* (X(t)  0, 0  t  1), determined by the optimization model without constraint 
of insolvency, become larger when the ratio of capital costs increases. Therefore, 
regulation based on Solvency II or the SST appear to be more binding in this 
situation. Finally, the results show that the optimal adjustment capital required by 
the SST is slightly greater than that from the Solvency II results. 

The results in Table 7 indicate that if the frictional cost of capital is very high 
or the reinsurance cost is very low, reinsurance can partially replace the capital 
need and effectively serve as an instrument of capital management. (See the values 
in the last four columns corresponding optimal retention ratios a*, which are 
small.) Table 7 indicates that most of the premium is ceded to the reinsurer so as to 
transfer claim risk.  
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insurer is to keep capital unchanged, but this approach will increase the insurer's 
probability of insolvency when the volatility of claim loss, 2, increases. This is 
the limitation of model one. Minimizing total frictional cost from the insurer's 
perspective may conflict with the objective of regulation. The data in Table 8 also 
show that the optimal investment strategy is that all surplus is invested in risk-free 
assets. The return of risk-free assets can help to offset part of claim risk and help 
to reduce total frictional cost.    

Table 9 indicates that with the constraint of Solvency II, the optimal capital, 
K(1)*, slightly decreases with the increase of the drift of return rate of risky assets, 
, and slightly increases with the increase of volatility of return rate of risky asset, 
1, and risk-free interest rate, r. And the optimal adjustment capital is much 
greater than determined earlier based on the optimization model without constraint 
of insolvency. From Table 9, we also observe that the optimal solution of K(1)* 
greatly increases as the volatility of claim loss, 2, increases. The increase of claim 
risk will lead to increased capital in order to keep the insolvency probability within 
the criterion of Insolvency II. But the optimal retention portion are all equal to 1 
for all values of 2, meaning that it is optimal for the insurer to raise capital 
instead of purchasing reinsurance in order to reduce underwriting risk due to 
higher rate of reinsurance cost. Therefore, based on the analysis above, we 
illustrate based on various assumptions and with regard to varying regulatory 
standards that capital and reinsurance can be substitutes. On the one hand, when 
reinsurance cost is rather low but capital cost is rather high, reinsurance can 
partially or fully substitute for capital, as shown in Table 7. On the other hand, 
capital can partially or fully substitute for reinsurance when capital cost is rather 
low but the reinsurance cost is rather high, as in Table 6. Finally, we find from 
Table 9 that optimal adjustment capital remains fairly constant when the ratio of 
total bankruptcy cost to firm value, cf, increases, but the total frictional cost, FC1*, 
increases with the increase of cf. 

From Table 10, we find that the change patterns are similar to those in Table 9 
when the parameters change. However, the optimal adjustment capital, K(1)*, and 
the optimal total frictional cost, FC1*, are slightly greater than those in Table 9. 
That is, the criteria of the SST are slightly more prudent in determining the 
optimal adjustment capital.  

It should be noticed that Table 8, Table 9 and Table 10 indicate that the 
optimal total frictional cost (and other optimal solutions) are very sensitive to the 
change of the volatility of claim loss, 2, but the optimal frictional cost (and other 
optimal solutions) changes very slightly as other paramters change, given the 
condition that the rate of reinsurance cost  = 0.15. So, 2 is the most important 
parameter affecting total frictional cost. In the following, we will further discuss 
the sensitivity of the optimal solutions as 2 increases when  takes smaller values 
( = 0.10) for three models, respectively.  
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