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ABSTRACT 

 

The aim of this article is to identify fair equity-premium combinations for non-life 

insurers that satisfy solvency capital requirements imposed by regulatory authori-

ties. In particular, we compare “target capital” derived using the “value at risk” 

concept as planned for Solvency II in the European Union with the “tail value at 

risk” concept as required by the Swiss Solvency Test. The model framework uses 

Merton’s jump-diffusion process for the market value of liabilities and a geometric 

Brownian motion for the asset process; valuation is conducted using option pricing 

theory. In this setting, we study the impact of model parameters and corporate 

taxation on fair pricing, solvency capital requirements, and shortfall probability 

for different safety levels measured by the default put option value. We show that 

even though corporate taxes can have a substantial impact on pricing and capital 

structure, they do not affect capital requirements if the safety level is retained be-

fore and after taxation. 

 

 

1. INTRODUCTION 

 

Recent developments in Europe include new solvency capital requirements that 

are based on the market value of assets and liabilities (Solvency II in the Euro-

pean Union; the Swiss Solvency Test). Insurance companies must ensure that 

their available economic capital suffices to cover the required solvency capital. 

In addition, competitive conditions in the insurance and capital markets should 

lead to equity-premium combinations that provide a net present value of zero for 

equityholders and policyholders. In this paper, we identify minimum safety lev-

els using the default put option value for fair equity-premium combinations that 

simultaneously satisfy solvency capital requirements. In this setting, fair pricing 
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is conducted using option pricing theory; solvency capital requirements are com-

pared using the “value at risk” (Solvency II) and the “tail value at risk” (Swiss 

Solvency Test) approaches. 

 

In the literature on property-liability insurance, option pricing theory is employed 

for pricing insurance contracts and default risk in Merton (1977), Doherty and 

Garven (1986), Garven (1988), Cummins (1988), Shimko (1992), Cummins and 

Lamm-Tennant (1994), Cummins and Sommer (1996), D’Arcy and Dyer (1997), 

and Oh and Kang (2004). Recently, this approach has been used for capital allo-

cation purposes, by, for example, Phillips, Cummins, and Allen (1998), Myers 

and Read (2001), and Sherris (2006), as well as by Gründl and Schmeiser (2007). 

General capital requirements under different model assumptions and safety levels 

are discussed in Rytgaard and Savelli (2004), Ballotta and Savelli (2005), and 

Pitselis (2006). Solvency capital calculations regarding the Swiss Solvency Test 

(SST) are presented in detail in Luder (2005). 

 

The literature generally focuses on either fair pricing or capital requirements 

without combining the two, which is what we do in this paper, thereby adding to 

the literature. The framework for the property-liability insurance company is 

based on Doherty and Garven (1986) and Gatzert and Schmeiser (2007). The 

model incorporates corporate taxation and the risk of insolvency. In contrast to 

the setting in Doherty and Garven (1986) and Gatzert and Schmeiser (2007), the 

model framework in this paper uses Merton’s jump-diffusion process for the 

market value of liabilities and a geometric Brownian motion for the asset proc-

ess. In numerical analyses, we first calculate fair equity-premium combinations 

for a given safety level (measured with the default put option value). Then, for 

the obtained capital structure, the target capital requirements according to Sol-

vency II and SST are contrasted with the available economic capital. Shortfall 

probabilities are also provided. 

 

The remainder of the paper is organized as follows. Section 2 describes the 

model framework of the property-liability insurer. Section 3 discusses concepts 

for solvency capital requirements under SST and Solvency II. Numerical results, 

including a sensitivity analysis, are contained in Section 4. Section 5 concludes. 
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2. MODEL FRAMEWORK 

 

A Contingent Claims Approach under Corporate Taxes 

 

In the analysis, we employ a simplified model of a property-liability insurer 

based on Doherty and Garven (1986) and on Gatzert and Schmeiser (2007). In 

this one-period setting, policyholders and equityholders make an initial contribu-

tion of 
0
Pτ  (premium payments) and 

0
Eτ

 (equity capital), respectively, where τ 

denotes the corporate tax level. The total value 
0 0 0
P E Aτ τ τ+ =  is then invested in a 

reference portfolio. 

 

At time t = 1, policyholders receive payment for incurred losses L1 if the insurer 

is solvent; equityholders obtain the remainder of 
1
Aτ . In the case of insolvency, 

the assets 
1
Aτ  are fully distributed to policyholders, and equityholders receive 

nothing. Hence, the payoff to the policyholders is formally given by 

 

( )1 1 1 1 1
0P L max L A , Tτ τ= − − + ,         

 

while the equityholders receive 

 

( )1 1 1 1
0E max A L , Tτ τ= − − .          

 

Here, T1 denotes the tax claim for a corporate tax level of τ with 

 

( ) 1

1 0 0 0 1

0

1 0
A

T max E P P L , .
A

τ
τ τ τ

τ
τ

  
= ⋅ + − + −  

  
      

 

Thus, the government collects corporate taxes on the insurer’s investment income 

and underwriting profits.
1
 

                                                           

1
  In this setting, the tax burden is carried solely by the policyholders. It is assumed that 

equityholders could invest in financial assets that are taxed only at the individual level. For 

this reason, equityholders would not agree to be being burdened with an additional tax that 

arises from corporate taxes when investing in an insurance company. 
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Fair valuation of claims is conducted using risk-neutral valuation. The expected 

present value of the policyholders’ claim PΠ  is then given by the expected pay-

off (under the risk-neutral measure Q ) in t = 1 discounted with the (continuous) 

risk-free interest rate r, leading to 

 

( )( )
( )( ) ( ) ( )( ) ( )( )

1

1

1 1 1 1
0

P

TL DPO

E exp r P

E exp r L E exp r max L A , E exp r T

.

τ

τ

Π = −

= − − − − + −

= Π −Π +Π

Q

Q Q Q        (1) 

   

Equation (1) shows that PΠ  consists of the present value of losses ( )0L LΠ =  less 

the default put option (DPO) value DPOΠ  and the present value of tax payments 

1TΠ . The present value of the payoff to the equityholders EΠ  is given by 

 

( )( )
( )( ) 1

1

1 1
0

E

T

E exp r E

E max A L , .

τ

τ

Π = −

= − −Π

Q

Q
             (2) 

 

To create a fair situation, the net present value must be zero, which corresponds 

to the value of the payoffs being equal to the initial contributions: 

 

0

P PτΠ = ,                 (3) 

 

0

E EτΠ = .                 (4) 

 

Solving the fairness conditions in Equation (3)––or (4)––leads to an infinite 

number of initial equity-premium combinations with different DPO values that 

are fair for both policyholders and equityholders. 

 

Gatzert and Schmeiser (2007) show that a fixed initial asset value A0 implies a 

fixed DPO value and thus a fixed safety level for the insurer before and after 

taxation. Therefore, if 

 

0 0 0 0
A A E Pτ τ τ= = + ,                (5) 
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then DPOΠ  remains unchanged for different corporate tax rates τ . 

 

Modeling Assets and Liabilities 

 

For the asset model, we use a geometric Brownian motion; the market value of 

liabilities is modeled using a jump-diffusion process, as suggested by Merton 

(1976).
2
 Under the real-world measure P , the asset process is described by 

 

t A t A t A,tdA Adt AdWµ σ= + P ;  

 

the liability process evolves as 

 

t
L L L,t t

t

dL
dt dW dJ

L
µ σ

−

= + +P ,  

 

with µ and σ denoting the drift and volatility of the stochastic processes and 

t u
u t

L limL−
↑

= . 
A

W P  and 
L

W P  are standard P -Brownian motions. The two Brownian 

motions are correlated with 

 

A LdW dW dtρ= . 

 

Furthermore, J is a process that is independent of W with piecewise constant 

sample paths and can be represented as 

 

( )
1

1
tN

t j

j

J Y
=

= −∑ . 

 

Thus, if the j-th jump occurs at time t, liabilities jump from tL −  to t jL Y− , where 

Yj – 1 is the size of the jump. tN  is a Poisson process counting the number of 

jumps by time t with intensity λ (the average number of jumps per year). In this 

setting, N, W, and Yj are stochastically independent. 

 

                                                           

2
   Merton’s jump-diffusion model has been applied to insurance liabilities by, e.g., Cummins 

(1988) and Lindset and Persson (2007). 
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Solutions of the stochastic differential equations above are given by (see, e.g., 

Björk, 2004; Merton, 1976) 

 

( )( )2

0 ,
exp / 2

t A A A A t
A A t Wµ σ σ= ⋅ − + P  

 

and 

 

( )( )2

0 ,
1

exp / 2
tN

t L L L L t j
j

L L t W Yµ σ σ
=
∏= ⋅ − + ⋅P . 

 

Changing the real-world measure P  to the equivalent risk-neutral martingale 

measure Q  leads to 

 

( )( )2

0 ,
exp / 2

t A A A t
A A r t Wσ σ= ⋅ − + Q , 

 

( )( )2

0 ,
1

exp / 2
tN

t L L L t j
j

L L r m t W Yσ λ σ
=
∏= ⋅ − − + ⋅Q

. 

 

As is done in Merton (1976), Yj is assumed to be independent and identically 

distributed (for all j) and to follow a lognormal distribution with 

( ) ( )2ln ,
j

Y N a b∼ . 

 

3. SOLVENCY CAPITAL REQUIREMENTS FOR NON-LIFE INSURANCE 

 COMPANIES 

 

Risk-Bearing Capital and Target Capital 

 

The insurer’s available economic capital is called “risk-bearing capital” (RBC). It 

is defined as the market value of assets less the market value of liabilities
3
 

 

t t tRBC A Lτ= − .               (6) 

                                                           

3
 If the market value of liabilities cannot be determined, the so-called best estimate of 

liabilities is used. The best estimate of the liabilities is given as the sum of the discounted 

expected liabilities and a risk margin to account for run-off risk. The risk margin is defined 

as the sum of present value of the costs for future regulatory risk capital (CEIOPS, 2007; 

Luder, 2005). 
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The target capital (TCα )––also called the “solvency capital requirement”––is the 

amount of capital needed at time zero to meet future obligations over a fixed time 

horizon for a required safety level α . Regulators expect the insurer’s target capi-

tal not to exceed the RBC in t = 0: 

 

0 0 0
RBC A L TCτ

α= − ≥ .               (7) 

 

Given a net present value of zero for policy- and equityholders such that Equa-

tions (3) and (4) are satisfied, a transformation of RBC using Equation (1) yields 

 

( )
( )1

1

0 0 0 0 0 0

0 0 0

0 .

TDPO

T DPO

RBC A L E P L

E L L

E

τ τ τ

τ

τ

= − = + −

= + −Π +Π −

= +Π −Π

            (8) 

 

This expression illustrates that the current available economic capital RBC0 is 

equal to the initial equity capital plus the present value of tax payments less the 

value of the default put option. Concerning the effect of corporate taxes on RBC0, 

it can be noted that if Condition (5) is satisfied, Equation (8) reduces with 

1

0 0

T
E Eτ +Π =  (see Gatzert and Schmeiser, 2007) to 

 

0 0

DPORBC E= −Π .                 (9) 

 

Thus, if the insurance company retains the safety level before and after taxa-

tion—measured with the value of the default put option––the available economic 

capital is not affected by changes in the corporate tax rate, even though the capi-

tal structure ( 0 0/E Pτ τ ) is altered. 

 

Swiss Solvency Test (SST): Measuring Risk Using Tail Value at Risk 

 

In the SST, which was introduced in 2006, the random variable 1X ––used to cal-

culate the target capital––is defined by means of the change in RBC within one 

year, where RBC1 is discounted with the risk-free interest rate r (see FOPI, 2004, 

2006): 
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( )1 1 0expX r RBC RBC= − − . 

 

The target capital is then derived as the tail value at risk (TVaR) for a given con-

fidence level α = 1% as (see Luder, 2005) 

 

( )1 1TC TVaR E X X VaRα α α= = − ≤ ,          (10) 

 

where VaRα is the value at risk for a confidence level α = 1%, given by the quan-

tile of the distribution ( ) ( ){ }1 inf :F x F xα α− = ≥ . The amount of target capital 

depends on the choice of the stochastic model of assets and liabilities and on the 

(real-world) input parameters of these models. Fixing the safety level when in-

troducing corporate taxation, as suggested by Gatzert and Schmeiser (2007), 

leads to a constant target capital for all τ, all else being equal. 

 

Solvency II: Measuring Risk Using Value at Risk 

 

Under the current version of the Solvency II framework for insurance companies 

in the European Union, target capital will most likely be determined by using the 

value at risk concept with a confidence level of 99.5% (α = 0.5%) on the basis of 

RBC1 (see CEIOPS, 2007, p. 18). Hence, the capital requirements can be calcu-

lated with ( )1 1 0expX r RBC RBC= − −  from 

 

( )1X VaRα α< =P ,              (11) 

 

where the target capital is then given as 

 

TC VaRα α= − . 

 

Shortfall Probability 

 

In addition to the risk-bearing capital and the target capital, we also provide in-

formation about the actual shortfall probability (SP), which is given by 
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( )1 1SP A Lτ= <P . 

 

Shortfall risk is thus defined by the probability that the market value of assets is 

less than the value of liabilities at time 1. In ruin theory terminology, the shortfall 

probability SP stands for a mandatory discontinuation of the insurer since it de-

notes the probability of bankruptcy (see Daykin, Pentikäinen, and Pesonen, 1994, 

p. 17). In particular, the shortfall probability is equal to the confidence level α if 

the available economic capital at time zero 0RBC  equals the target capital TCα  

( VaRα= − ): 

 

( ) ( )( )( )
( )( ) ( )( )
( ) ( ) ( )( )

( )

1 1 1 1 0

1 1 0 0

1 1 0 0

1

0 exp

exp

exp

.

SP A L r A L VaR RBC

r A L VaR A L

r A L A L VaR

X VaR

α

τ τ
α

τ τ

τ τ
α

α α

= − < = − − < +

= − − < − −

= − ⋅ − + − <

= < =

P P

P

P

P

        (12) 

 

This corresponds to the planned capital requirements in the Solvency II frame-

work. 

 

Combining Fair Pricing and Capital Requirements 

 

The regulatory authorities expect an insurer to ensure that its available economic 

capital at time zero is greater than the calculated target capital. In our setting, we 

assume that initial equity capital satisfies the fairness conditions (implying a net 

present value of zero for policyholders and equityholders) and, at the same time, 

also satisfies the capital requirements, which requires combining fair pricing ap-

proaches with risk measurement. Since the DPO value is a common measure for 

an insurer’s safety level and is calculated under the risk-neutral measure (see, 

e.g., Doherty and Garven, 1986), it should be an adequate value for connecting 

fair pricing and capital requirements. We thus use the DPO value as a starting 

point and proceed as follows. 
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For a fixed nominal value of liabilities L0 and input parameters for Equations (1) 

and (2), fair premium-equity combinations can be derived under the risk-neutral 

measure Q  that satisfy Equations (3) and (4). Hence, each DPO value uniquely 

determines a fair equity-premium combination, which in turn yields the available 

economic capital 0RBC  ( )t tA Lτ= − . Capital requirements TCα  are then calcu-

lated under the objective measure P  using the tail value at risk as in Equation 

(10) and the value at risk in Equation (11) for given confidence levels α . Conse-

quently, equity-premium combinations are identified that are both fair and satisfy 

capital requirements; of particular importance in this respect is a sensitivity 

analysis of results to identify the impact of parameter changes on available capi-

tal, capital requirements, and shortfall risk. 

 

4. SIMULATION ANALYSES 

 

This section contains numerical analyses for the procedure described in the pre-

vious section. Additionally, a sensitivity analysis is conducted for several input 

parameters. In particular, we study the impact of the parameter specification of 

the asset portfolio, the jump component of the liabilities, and the correlation be-

tween assets and liabilities. All examples are calculated for the same set of DPO 

values, which serve as a measure of the insurer’s safety level. Furthermore, the 

effect of corporate taxation on capital structure is examined. 

 

We employ a Monte Carlo simulation and use a linear congruential pseudo-

random number generator as given in Kloeden, Platen, and Schurz (1994, p. 8); 

independent normal variates are generated with Box-Mueller transformation; 

Poisson distributed random numbers are sampled using the inverse transform 

method (Glasserman, 2004, p. 128). All analyses use the same sequence of 

5,000,000 simulation runs so as to increase comparability of results. 

 

Reference Case 

 

The parameters for the numerical examples are as follows. The nominal value of 

issued liabilities is given by L0 = 100; the riskless interest rate r is fixed at 3%. 
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Volatility and drift of the asset process are given by σA = 10% and µA = 8%, re-

spectively. The volatility of the liabilities is σL = 20% and the drift is fixed at 

µL = 1.5% to account for inflation. The correlation between assets and liabilities 

is set to ρ = 0.2. The parameters of the jump process are given by an expected 

value of the jump size of 15%, i.e., ( )E Y  = 1.15, and a standard deviation of 

( )Yσ  = 10%.
4
 The jump intensity is λ = 0.5, which implies that there will be, on 

average, a jump event every second year. 

 

Table 1 sets out competitive equity-premium combinations for different DPO 

values with tax rates of τ = 0% and 30%. 

 

Table 1: Fair equity-premium combinations for given DPO values for L0 = 100, 

r = 3%, σA = 10%, µA = 8%, σL = 20%, µL = 1.5%, ρ = 0.2, E(Y) = 1.15, 
( )Yσ  = 10%, (a = 0.1360, b = 0.0868), λ = 0.5 

DPOΠ  0.04 0.06 0.08 0.10 

τ 0 30% 0 30% 0 30% 0 30% 

0 0

DPOP Lτ = −Π  99.96 104.64 99.94 104.50 99.92 104.40 99.90 104.31 

0
Eτ  105.87 101.19 97.86 93.30 92.21 87.73 87.83 83.42 

1TΠ  0 4.68 0 4.56 0 4.48 0 4.41 

0
Aτ  205.83 205.83 197.80 197.80 192.13 192.13 187.73 187.73 

Notes: DPOΠ  = DPO value; 
0

Eτ
 = initial equity; 0P

τ
 = premium payments; 1TΠ  = present 

value of tax payments; 
0 0 0

A P Eτ τ τ= +  = initial investment. 

 

For a given DPO value DPOΠ  and a given nominal value of liabilities L0 of 100, 

the resultant premium 0P
τ  is found as the difference between L0 and the DPO 

value. Next, for this premium, the corresponding fair initial equity capital needed 

to achieve the given safety level is established by solving the fairness condition 

(see Equation (3)). Table 1 shows the relation between fair equity-premium com-

binations. With increasing DPO value, less initial equity capital is needed; the 

present value of tax payments decreases, since taxes are paid only in the case of 

                                                           

4
  Hence, with ( ) ( )2ln ;Y N a b∼ , a = 0.1360 and b = 0.0868. 
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solvency at maturity. At the same time, the total initial capital 
0

Aτ  invested in the 

reference portfolio decreases. 

 

For a fixed safety level, an increase of corporate taxes will increase the premium 

payments and decrease the initial equity; however, there will be no effect on 

capital requirements and shortfall risk (see Equations (10)–(12)). 

 

After achieving fair pricing, the corresponding risk is calculated under the real-

world measure for the fair combinations ( )0 0
P , Eτ τ  found in Table 1 using the tar-

get capital concept of the SST at a confidence level of α = 1% (TVaR1%) and the 

Solvency II approach with α = 0.5% (VaR0.5%), as well as the shortfall probabil-

ity. Figure 1 displays the available economic capital RBC0, TVaR1%, and VaR0.5%, 

with values given on the left-hand-side y-axes. The corresponding shortfall prob-

ability SP is provided with values in percent on the right-hand-side y-axes. All 

curves are displayed as a function of the DPO value on the basis of the fair pa-

rameter combinations given in Table 1. 

 

Figure 1: Available economic capital versus target capital and shortfall 

probability on the basis of Table 1 

60

80

100

120

140

0.04 0.05 0.06 0.07 0.08 0.09 0.1

DPO

RBC0 

TVaR 

VaR

0.00%

0.25%

0.50%

0.75%

1.00%

SP

RBC0 TVaR (1%) VaR (0.5%) SP

 

Notes: RBC = risk-bearing capital; TVaR (1%) = tail value at risk for α = 1%; VaR (0.5%) = 

value at risk for α = 0.5%; SP = shortfall probability. 

 

DPOΠ  
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The target capital curves TVaR1% and VaR0.5% for a given confidence level repre-

sent constraints imposed by regulators on the fair equity-premium combinations 

given in Table 1. An insurer must make certain that its available economic capi-

tal RBC0 exceeds the required target capital for the given confidence level. 

 

Despite the fact that the shortfall probability curve increases from 0.25% to 

0.60% with increasing DPO value, capital requirements (TVaR1% and VaR0.5%) 

remain fairly stable and even exhibit a minor decline. At the same time, the 

available economic capital RBC0 is substantially reduced. 

 

The available economic capital is equal to the required target capital at the inter-

section points of the curves; for DPO values left of the intersection points, the 

actual economic capital is greater than the required target capital. The location of 

the intersection points thereby depends on the target capital concept. Overall, the 

TVaR1% curve runs above the VaR0.5% curve for all DPO values, which, in our 

examples, implies that the SST capital requirements are stricter than those likely 

to be imposed by Solvency II. For instance, for VaR0.5%, a DPO value of ap-

proximately 0.085 leads to a sufficient economic capital at time zero in the pre-

sent example; for TVaR1%, a DPO value of at most 0.06 must be set. The DPO 

value of 0.085 where the curves VaR0.5% and RBC0 intersect thus corresponds to a 

shortfall probability of exactly 0.5% for the insurer. 

 

However, due to the parameter risk potential involved in pricing and risk meas-

urement, it is not recommended that an insurer hold only the amount of equity 

capital that will just cover the target capital requirements. These effects will be 

demonstrated in the following examples. 

 

The Impact of the Asset Portfolio Specification on Capital Requirements 

 

Changes in the real-world drift of assets or liabilities have no impact on fair 

pricing; however, they do have an effect on the determination of target capital. 

Additionally, changes in volatility or correlation will affect both pricing and risk 

measurement. 
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Table 2 contains results for when the insurer invests in a riskier asset portfolio 

than in the first example, with an asset volatility of σA = 20% and a real-world 

drift of µA = 12% (instead of σA = 10% and µA = 8%). The capital requirements, 

available economic capital, and shortfall probability that correspond to the fair 

equity-premium combinations in Table 2 are displayed in Figure 2. 

 

Table 2: Fair equity-premium combinations for given DPO values for L0 = 100, 

r = 3%, σA = 20%, µA = 12%, σL = 20%, µL = 1.5%, ρ = 0.2, E(Y) = 1.15, 
( )Yσ  = 10%, (a = 0.1360, b = 0.0868), λ = 0.5 

DPOΠ  0.04 0.06 0.08 0.1 

τ 0 30% 0 30% 0 30% 0 30% 

0 0

DPOP Lτ = −Π 99.96 107.44 99.94 107.09 99.92 106.85 99.90 106.67 

0
Eτ  131.63 124.16 120.92 113.77 113.72 106.79 108.28 101.51 

1TΠ  0 7.48 0 7.15 0 6.93 0 6.77 

0
Aτ  231.59 231.59 220.86 220.86 213.64 213.64 208.18 208.18 

Notes: DPOΠ  = DPO value; 
0

Eτ
 = initial equity; 0P

τ
 = premium payments; 1TΠ  = present 

value of tax payments; 
0 0 0

A P Eτ τ τ= +  = initial investment. 
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Figure 2: Available economic capital versus target capital and shortfall prob-

ability on the basis of Table 2 
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Notes: RBC = risk-bearing capital; TVaR (1%) = tail value at risk for α = 1%; VaR (0.5%) = 

value at risk for α = 0.5%; SP = shortfall probability. 

 

First, Table 2 shows that much more equity capital (about 24% more) is now 

necessary to obtain fair conditions for a given safety level––measured with the 

DPO value––compared to the reference case in Table 1. Second, and at the same 

time, the expected present value of tax payments increases as much as up to 60% 

when changing the asset portfolio to a riskier investment for a given DPO value 

of 0.04. Hence, the premiums under corporate taxes are now higher than they 

were in the reference case set out in Table 1. 

 

Compared to the results in the first example (Figure 1), target capital and avail-

able economic capital increase substantially due to the shift to a riskier asset port-

folio, while, at the same time, the shortfall probability decreases (Figure 2). The 

TVaR1% concept now allows a much higher maximum DPO value of 0.09 (com-

pared to 0.06 in the first example), while the VaR0.5% curve does not even inter-

sect with the RBC0 curve in the considered range of DPO values. Hence, as long 

as the DPO value is lower than 0.1, the available economic capital suffices to 

cover the capital requirements calculated with the VaR0.5%. 

 

DPOΠ  
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The Impact of the Liabilities’ Jump Component on Capital Requirements 

 

We next analyze the effect of changes in the specifications of the liability proc-

ess. In particular, the jump intensity is reduced to λ = 0.33 (instead of λ = 0.5), 

which corresponds to, on average, a jump event every third year. Additionally, 

the expected value of the jump size is reduced to 10%, i.e., E(Y) = 1.10 (com-

pared to 15% or E(Y) = 1.15). 

 

Table 3: Fair equity-premium combinations for given DPO values for L0 = 100, 

r = 3%, σA = 20%, µA = 12%, σL = 20%, µL = 1.5%, ρ = 0.2, E(Y) = 1.10, 
( )Yσ  = 10%, (a = 0.0912, b = 0.0907), λ = 0.33 

DPOΠ  0.04 0.06 0.08 0.1 

τ 0 30% 0 30% 0 30% 0 30% 

0 0

DPOP Lτ = −Π 99.96 104.08 99.94 103.98 99.92 103.90 99.90 103.83 

0
Eτ  83.26 79.14 77.62 73.58 73.56 69.58 70.37 66.45 

1TΠ  0 4.12 0 4.04 0 3.98 0 3.93 

0
Aτ  183.22 183.22 177.56 177.56 173.48 173.48 170.27 170.27 

Notes: DPOΠ  = DPO value; 
0

Eτ
 = initial equity; 0P

τ
 = premium payments; 1TΠ  = present 

value of tax payments; 
0 0 0

A P Eτ τ τ= +  = initial investment. 
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Figure 3: Available economic capital versus target capital and shortfall prob-

ability on the basis of Table 3 
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Notes: RBC = risk-bearing capital; TVaR (1%) = tail value at risk for α = 1%; VaR (0.5%) = 

value at risk for α = 0.5%; SP = shortfall probability. 

 

For less risky insurance liabilities, fair equity capital is much lower than in the 

reference case; expected present values of tax payments are lower as well (Table 

3). Figure 3 shows that this situation leads to a slightly lower shortfall probability 

compared to the reference case. Furthermore, target capital and available eco-

nomic capital decrease, which leads to intersection points shifting to the right. 

Hence, compared to the reference case, higher DPO values are allowed as they 

still result in premium-equity combinations that satisfy the capital requirements. 

 

The Impact of Correlation between Assets and Liabilities on Capital Require-

ments 

 

We next analyze the effect of negatively correlated assets and liabilities with 

ρ = -0.2 (instead of ρ = 0.2 as in the reference case). Table 4 contains fair equity-

premium combinations; Figure 4 displays the corresponding risk figures. 

 

 

DPOΠ  
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Table 4: Fair equity-premium combinations for given DPO values for L0 = 100, 

r = 3%, σA = 10%, µA = 8%, σL = 20%, µL = 1.5%, ρ = -0.2, E(Y) = 1.15, 
( )Yσ  = 10%, (a = 0.1360, b = 0.0868), λ = 0.5 

DPOΠ  0.04 0.06 0.08 0.1 

τ 0 30% 0 30% 0 30% 0 30% 

0 0

DPOP Lτ = −Π 99.96 105.69 99.94 105.53 99.92 105.40 99.90 105.30 

0
Eτ  122.60 116.86 114.30 108.71 108.22 102.73 103.43 98.03 

1TΠ  0 5.73 0 5.59 0 5.48 0 5.40 

0
Aτ  222.56 222.56 214.24 214.24 208.14 208.14 203.33 203.33 

Notes: DPOΠ  = DPO value; 
0

Eτ
 = initial equity; 0P

τ
 = premium payments; 1TΠ  = present 

value of tax payments; 
0 0 0

A P Eτ τ τ= +  = initial investment. 

 

As in the case of the riskier asset portfolio, equity capital needs to be increased 

substantially in order to ensure a fair initial situation for a given DPO value (Ta-

ble 4). At the same time, the expected present value of tax payments also in-

creases—by approximately 23%. 

 

Figure 4: Available economic capital versus target capital and shortfall prob-

ability on the basis of Table 4 
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Notes: RBC = risk-bearing capital; TVaR (1%) = tail value at risk for α = 1%; VaR (0.5%) = 

value at risk for α = 0.5%; SP = shortfall probability. 
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Figure 4 shows that the shortfall probability changes very little, but that target 

capital and risk-bearing capital RBC0 are much higher than in the reference case. 

However, despite the overall higher risk level, the maximum DPO values al-

lowed for by the two solvency requirements are approximately the same as in 

Figure 1: for TVaR1%, a DPO value of at most 0.06 is allowed and for VaR0.5%, 

the maximum DPO value is approximately 0.085. 

 

5. SUMMARY 

 

This paper analyzes the relationship between target capital requirements and 

available economic capital for a non-life insurer on the basis of fair equity-pre-

mium combinations. In particular, we calculate minimum safety levels measured 

with the DPO value such that contracts are fair and satisfy the target capital re-

quirements. In this setting, the impact of changes in the asset portfolio specifica-

tions, the liabilities’ jump component, and the correlation coefficient between 

assets and liabilities are examined in a simulation study. We compare the target 

capital using the value at risk at a confidence level of 99.5% (as suggested in the 

Solvency II framework) and the tail value at risk at a confidence level of 99% (as 

required in the Swiss Solvency Test). The underlying model framework uses a 

geometric Brownian motion for the asset portfolio and Merton’s jump-diffusion 

model for the liability process. We also take corporate taxation into considera-

tion. 

 

Even though the corporate tax level has a substantial effect on the capital struc-

ture, it does not affect available or required economic capital if the safety level 

(the DPO value) is fixed. Our numerical results show that an increasing DPO 

value implies a higher shortfall probability and decreasing available economic 

capital for fair equity-premium combinations. In contrast, the required solvency 

capital remains fairly stable for both value at risk and tail value at risk for all ex-

amples under consideration. However, the tail value at risk leads to a much 

higher minimum safety level than the value at risk even though the former is cal-

culated for a lower confidence level (99% vs. 99.5%). Hence, the SST solvency 

requirements are, in general, more restrictive than those planned for Solvency II. 
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A shift to a more risky asset portfolio––leaving everything else unchanged––

leads to needing substantially more equity capital to keep the contract fair, and to 

a much higher level of available and required capital. At the same time, this in-

crease in asset volatility and real-world asset drift implies lower minimum safety 

levels for both value at risk and tail value at risk. We further found that reducing 

the liabilities’ jump intensity and expected jump size induces a much lower level 

of available and required capital and higher minimum safety levels. Thus, damp-

ening the jumps’ impact allows higher DPO values for fair contracts while still 

satisfying solvency requirements. A negative correlation coefficient between as-

sets and liabilities implies higher available and required economic capital com-

pared to the case of positive correlation, while the minimum safety levels for 

value at risk and tail value at risk remain almost unaffected. 

 

Because of the changing insurance environment in Europe (i.e., SST and Sol-

vency II), it is crucial for insurance companies to take into consideration sol-

vency capital requirements. Fair pricing is a good starting point in this regard. 

Our analyses show that a sensitivity analysis is vital to assess the parameter risk 

involved in insurance pricing and the calculation of risk-bearing capital. 
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