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Foreword 
 
The classical way of steering a company by simple performance indicators has be-
come increasingly substituted by value-based-management systems that combine 
risk and return in a reasonable manner. In this context, the precise determination of 
the capital requirement as the most relevant factor in producing insurance cover is 
inevitable. In order to separate the different influences suitably, an adequate per-
formance measurement should be carried out. 

 
Internal models in non-life insurance usually focus on the stochastic economic capi-
tal after one year in order to determine the capital required. In life insurance, the 
Market Consistent Embedded Value is believed to define a suitable concept for an 
economic entity value. In non-life insurance, this concept also works quite well as 
an alternative fair value approach. 
 
This paper has been produced as a result of a long term project that has been ini-
tialized and executed by myself together with the other editors with further participa-
tion and contribution of  
 
 Stefan Arens 

Vanessa Bittner 
Lars Helmig 
Laura Hosse  
Christina Hübner 
Simon Kaufhold 
Kristina Klein 
Sonja Kohl 
Sebastian Langel 
Hendrik Meyer 
Volha Muraskha 
Anna Naumova 
Anne Neu 
Jan Poll 
Ivana Simic 
Christoph Wiebe 

 
The target of this project was to introduce the topic “Value Based Management in 
Non-life Insurance” step by step to as many people as possible enabling a profound 
understanding without requiring too much mathematical knowledge. Therefore, lots 
of examples have been developed, which are not only as simple as possible, but 
also as complex as necessary. 
 



This project would not have succeeded, if it had not been supported by so many 
involved parties. Especially, the engagement of the co-editors of this publication 
has to be pointed out in this context. 
 
Furthermore, we would like to thank Mr. Robert G. Price for his careful revision of 
the original English document. 
 

 

Cologne, March 2013                                Maria Heep-Altiner
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1 Introduction to Value-based Management 
 

The concept of value-based management (VBM) arose from the fact, that at the 
end of the last century companies were becoming more and more complex. Man-
agers started to consider the capital used for investments as well as the capital 
costs. Alfred Rappaport is regarded as one of the co-founders of value-based man-
agement. His classic book “Creating Shareholder Value”, which set corporate strat-
egy in relation to the shareholder value, was published in 1986. Nowadays, this 
management approach is defined as follows: 

 

“Value-based management is an approach to management whereby the com-
pany’s overall aspirations, analytical techniques, and management processes 
are aligned to help the company maximize its value by focusing management 
decision-making on the key drivers of shareholder value.”1 

 

The focus of VBM is on the shareholder  value. We have to bear in mind that this is 
a one-sided approach, which does not consider the perspective of other stake-
holders . 

Important for a value-based management approach is the rate of return, demanded 
by the shareholders from the insurance company. Due to several risks which influ-
ence the shareholder value, an effective value-based management always includes 
a comparison of risk and the generated value. 

The answers to the following questions provide the basis for a successful value-
based approach: 

 

• How can risks and values be defined, measured and compared? 

• Which parameters and techniques increase the shareholder value? 

• Do the shareholders get a risk adjusted rate of return for their capital? 

• Does the rate of return exceed the capital costs? 

 

On the basic of those aspects the management of an insurance company has to 
decide, how to steer the business according to a value-based approach: 

 

• Regarding new business   � premium calculation (premium risk). 

• Regarding existing business  � reserve setting (reserve risk). 
                                            
1Scarlett 2001, Value Based Management, p. 2. 
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Before focusing on the different aspects of value-based management in the follow-
ing chapters, it is necessary to understand the insurance business model. In the 
basic construction of insurance business we find the reasons not only for the profit-
ability of the business model but also for the difficulties with respect to other busi-
ness models. 

1.1 Business Model of Insurance Production 

For a good understanding of the business model of insurance the differences be-
tween insurance and a typical consumer good (e.g. cars) should be outlined. In the 
following figure the differences regarding production and sale in connection with the 
allocation of risks are shown. 

 

 Production Sale 

 

Consumer Good  

 

Pre Sale 

Transparency of production, 
costs are almost certain. 

���� relatively small risk  

 

Post Production  

Volume of sales is am-
biguous. 

���� relatively high risk  

   

Insurance Cover Post Sale 

No transparency of production, 
production costs are ambiguous 
(amount and date of payment). 

���� relatively high risk  

Pre Production 

Volume of sales is 
known, possibly minimal 
volume needed. 

���� relatively small risk  

 

Figure 1: Insurance Cover versus a Typical Consumer  Good 

If you consider a typical material good (e.g. a car), the production has to be finished 
before it can be purchased. The costs of production are covered by the producer of 
the good and have already been paid before the car goes on sale. So there is a risk 
of sale, which implies the possibility that the producer cannot sell the cars he has 
produced for the price that covers the production costs. 

In contrast an insurance product is an immaterial good, which is produced after the 
contract has been signed. 

If during an agreed period of insurance, a specified uncertain event occurs, the in-
sured person will be indemnified by the insurer for the financial loss.2 Because 
                                            
2Carter; Lucas; Ralph 2000, Reinsurance, p. 3. 
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there is no visible production of insurance and the only physical item the consumer 
receives is the policy, the achievements of insurance cover very often seem quite 
nontransparent. Those aspects especially imply that neither the policyholder nor the 
insurer knows 

 

• whether the insured event will occur, 

• when it will occur and 

• how (and to which extent) it will occur. 

 

As a result of this uncertainty it is difficult to calculate the claims payments and to 
determine the premium. Due to the risk transfer between the insured person and 
the insurance company the insurer needs an estimation of the expected claims and 
their distribution over time. Because claims often occur after a time lag, the insurer 
has to establish a reserve . The accounting is performed on an accrual basis. 

The premium in non-life insurance is normally paid for a period of one year and is 
charged directly or within a short period after the insurance contract has been 
signed or renewed. 

All in all the premiums have to cover the costs of the insurance company, which can 
be divided into three types: 

 

• Acquisition costs  (at the beginning of the contract), 

• administration costs  (during the contract) and 

• claims payments  (after a time lag - sometimes of several periods). 

 

So the underwriting of insurance includes the risk that the premium could be calcu-
lated too low to cover the costs and claims payments over time. This uncertainty is 
called underwriting risk . 

To cover the underwriting risk, the insurer needs financial supply: on the one hand 
by the premiums of the insured, on the other hand by additional capital supply. To 
summarize: 

 

 

 

 

 

The amount and point in time of future claims payments are uncertain 
and have to be secured by capital. So capital is the most important 
production factor of insurance production. 



  

 

- 4 - 

In the following, the roles of insured persons and capital suppliers in order to fi-
nance insurance cover are described: 

 

Capital Supplier  • Supplies capital to secure the insurance risks. 
 • May lose capital. 
 • May demand an adequate extra dividend . 
  
Insured • Finances the expected claims amount. 
 • Finances the costs of the collective. 
 • Finances the adequate extra dividend. 
 

For the insurer it is important to consider the interests of the capital suppliers as 
well as the interests of the insured persons. The insured expects to be well pro-
tected against financial disadvantages and the capital supplier requires a risk-
adequate interest rate. 

If a single person had to keep the capital for the expected claims by him- or herself, 
this amount would be very high. How insurance can be a substitution of required 
capital is shown in the next section by a calculation example. 

1.1.1 Capital Efficiency due to Synergy 

In which way a collective system of risk transfer affects the required capital from 
each member to cover his or her risk is shown in the following. In this context it is 
important to understand the effects of synergy. 

For example, let us imagine that every consumer would have to protect a claims 
experience with an expected value (EV) of 500 and a standard deviation  (STD) of 
10,000 with a security level of 99.5% in an obligatory manner.  

If all risks are assumed to be independent from each other and normally distributed 
than the required capital (RC) per person with respect to a 99.5% Value at Risk 
(VaR99.5%) results as follows: 

 

For N persons:  RC per person  = VaR99.5%, N – EVN 

 = 2.5758 · STDN 

      = 2.5758 · 10,000 / N0.5 

For one person:  RC per person  = VaR99.5%, 1 – EV1 

     = 2.5758 · STD1 

     = 2.5758 · 10,000 = 25,758. 
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In the case of a single person, the assumption of a normally distributed claims ex-
perience is quite unrealistic because of the high probability of negative values. Thus 
we have to keep in mind that the example is only a very rough approximation until 
we reach a high number of (independent) risks e.g. N = 10,000. The results for 
several numbers of risks are illustrated in the following figure. 

 

Number Expected Standard Required Total 
of Risks Value Deviation Capital

1 500 10,000 25,758 26,258
10 500 3,162 8,145 8,645

100 500 1,000 2,576 3,076
1,000 500 316 815 1,315

10,000 500 100 258 758
100,000 500 32 81 581

1,000,000 500 10 26 526  

Figure 2: Efficiency due to Synergy (1) 

The figure above shows the effect that under a capital perspective collectivization of 
risks is more efficient than bearing the risk by a single person. If we consider for 
example N = 10,000 persons, we obtain: 

 

RC per person  = 2.5758 · 10,000 / 10,0000.5 = 258. 

 

The example clarifies that you can never diversify the average (so that the total re-
quired capital never drops under 500), but you can diversify the standard deviation. 
The main reason for this effect is the non-proportionally increasing standard devia-
tion with respect to the size of the collective. This effect will be denoted as synergy. 
The more independent risks a collective includes, the less capital will be needed 
per person for an overall protection at the desired risk level. 

In this example every member of the collective has to provide the expected value of 
500 and an extra capital in the amount of 258 – in total 758. In this case the as-
sumption of normal distributed claims becomes realistic, see the next figure. 



  

 

- 6 - 

0.00%

0.50%

0 250 500 750 1,000

VaR 99.5%

Expected Claims Amount

 

Figure 3: Distribution of the Claims Amount for N =  10,000 

As it can be seen, you need a large number of risks for a high effect of synergy. 
Because the organization of such a big collective requires a high administrative ef-
fort, it seems to be almost impossible to manage this privately. Therefore, we will 
consequently focus on a professionally managed collective (e.g. an insurance com-
pany). Such a professionally managed collective (where the required capital will be 
provided by a capital supplier) involves the following advantages and disadvan-
tages: 

 

Advantages  • Capital efficiency. 
 • Efficient claims management. 
 • Minimal claims costs. 
  
Disadvantages • Acquisition and administration costs. 
 • Immaterial (nontransparent) good. 
 • Moral hazard (because insurance cover creates claims). 
 

Considering a professionally managed collective, you have to add the costs for the 
company, which organizes the collective, and an extra dividend for the capital sup-
pliers, who bear the insurance risk by capital supply. To give an example we as-
sume the following additional information: 

 

Acquisition and administration costs: 50% of the expected claims amount. 

Extra dividend for the capital supplier:   6% of the required capital. 
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Given N = 10,000 risks this leads to the following premium equation: 

 

Premium  = Expected Claims Amount 

  + Total Costs 

  + Extra Dividend 

  = 500 + 50% · 500 + 6% · 2.58 · 10,000 / N0.5 

= 500 + 250 + 6% · 258  = 765. 

 

In the following figure the results for several numbers of risks are listed.  

 

Number Expected Costs Required Costs Premium
of Risks Value Capital of Capital

1,000 500 250 815 49 799
10,000 500 250 258 15 765

100,000 500 250 81 5 755
1,000,000 500 250 26 2 752  

Figure 4: Efficiency due to Synergy (2) 

One insured person has to pay a premium of only 765 instead of providing a total 
amount of 26,258 all on his own (see the first example). 

As a result, under the same cost conditions the premium decreases with the in-
creasing size of the collective due to the synergy effect. This example illustrates 
that insurance can be interpreted as capital substitution for the insured. 

1.1.2 Risk Mitigation by Reinsurance 

Even after consideration of the synergy effect specified before the risk portfolio of 
an insurer, there is still a probability of additional major losses . The risks within 
the collective may be equalized over time, but the underwriting risk still exists. Re-
insurance can be used as a further instrument of risk mitigation. 

The relationship between insurer and reinsurer is similar to the one between in-
sured and insurer. The primary insurer (cedent) transfers a probability distribution of 
losses to the reinsurer (cessionary). 

Through this process, the cessionary supplies additional capital and the ceding 
company increases its underwriting capacity. 

For covering the risk, the reinsurance company will demand a premium due to the 
fact that a total loss is possible. Similar to the premium calculation for the insured, 
the premium for the first insurer includes the financing of expected claims, costs of 
managing the collective and the required extra dividend. 
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By placing reinsurance contracts, the ceding company saves required capital and 
capital costs. Buying reinsurance is efficient, if the return on net required capital is 
higher than the return on gross required capital. 

1.1.3 Additional Synergy due to Investment 

The insurer has the possibility to invest the liquidity resulting from in- and outflows 
of an insurance contract in the capital markets3 in order to earn interests.  

Besides risk underwriting, asset management is therefore also an important field of 
activity for insurance companies. The synergy between risk underwriting and asset 
management defines another type of risk mitigation. 

The figure below shows the different in- and outflows of a non-life insurance con-
tract for a single accident year. 

 

 

 

 

 

 

 

 

 

 

 

 

Combined  
Costs 

t=0 

Premium  

Interests 

t=1 t=2 t=3 

Interests Interests 

Combined  
Costs 

Combined  
Costs 

Combined  
Costs 

Time  

Asset Management 

Risk Carrying  

 

Figure 5: In- and Outflow of an Insurance Contract 

The first insurer collects the premium and pays the administration costs at the be-
ginning of the contract. On the other hand, combined costs4 that arise from carrying 
the risk are spread over time (see the figure above). Through the asset manage-
ment, the insurer can invest money into assets until liquidity is needed for claims 
payments. So it is possible to obtain some extra income by clever asset manage-
ment. 

There are some restrictions to the asset types for insurance companies which have 
to be taken into account because assets also create an additional risk for the in-
surer. But if the asset risks are not highly correlated to the underwriting risks, it con-
stitutes a risk synergy effect and an additional risk diversification can be achieved. 

                                            
3Under the assumption, that the insurance contract generates a positive result. 
4Combined Costs = Acquisition Costs + Administration Costs + Claims Payments. 
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1.1.4 Legal Framework 

To protect the insured persons and policyholders, authorities world-wide control the 
solvency of insurance companies. Solvency means that the risks are covered with a 
sufficient amount of capital to meet the policyholder liabilities. 

In the European Union the concept of value-based management started more or 
less with the upcoming of Solvency II. Prior to that, the concept of risk was not well 
developed and insurers used steering parameters such as volume, profit or pre-
mium that had no relation to the underlying risk. Solvency II is a new approach in 
considering the individual risk within an insurance company. The Solvency II ap-
proach covers three pillars similar to the approach for the bank sector (Basel II5) but 
has been adapted for insurance companies. 

 

 

 

 

 

 

 

 

 

 

Figure 6: Three Pillar Approach according to Solven cy II 

The first pillar includes the quantitative requirements for the capital requirement and 
the models of risk calculation. European insurance companies have to calculate the 
Minimum Capital Requirement (MCR) and Solvency Capital Requirement (SCR) 
which consider the current risk situation and which have to be observed by the 
company.6 

The examination by the European authorities is ruled by the qualitative require-
ments of the second pillar. The third pillar covers the reporting and transparency 
obligations. 

                                            
5Current standard for European bank regulation. 
6Altenähr; Nguyen; Romeike 2009, Risikomanagement kompakt, p.11. 
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1.2 Value and Risk-based Models 
To implement a value-based management, special models are needed to measure 
risk and value. As a consequence, the management of an insurance company can 
derive decisions from the current value and risk situation. 

1.2.1 Traditional Steering Parameter 

Traditional steering parameters are often based on the balance sheet information of 
an insurance company that is publicly available. Examples for steering indices are 
(net) profit and its relation to volume. Others are premium volume, cost ratio and 
combined ratio. 

But all these traditional steering parameters normally disregard the underlying risk 
of an insurance undertaking. Because of the fact, that the consideration of risk is 
basic for a value-based approach, new risk based steering parameters must be im-
plied.  

1.2.2 Risk-based Steering Parameter 

The focus of value-based management is a sufficient risk analysis, as it helps to 
assess the solvency of an insurance company and to increase the shareholder 
value. In the following, modern and well known metrics for a risk-based perform-
ance evaluation are introduced. 

 

Return on Risk Adjusted Capital (RORAC)  

As an alternative to the traditional Return on Equity (ROE), RORAC is a risk ad-
justed steering parameter where the following relation holds: 

 

RORAC  = Return / Required Capital. 

 

The RORAC shows the relation between return and the required capital and is im-
portant for risk adjusted performance measuring. To consider the risk, the economic 
return is favored in comparison to the return based on book values (e.g. the Ger-
man GAAP return). If the insurer increases risk without changing the profit situation, 
the RORAC decreases because more capital is required. 
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Economic Value Added (EVA 7) 

Another risk adjusted steering parameter is the Economic Value Added where the 
following relation holds: 

 

EVA   = Return – Cost of Capital 

  = Return – Required Capital · CoC Ratio. 

 

The EVA as an absolute number shows the return of a business line minus costs of 
capital. A positive number implies an added value whereas a negative EVA shows 
a value destruction. The costs of capital are the product of capital required and the 
cost of capital ratio. The cost of capital ratio is the extra dividend ratio the investor 
demands and is influenced by external and internal effects. If the risk increases 
without changing the profit situation, more capital will be needed and the EVA will 
decrease. If the return is smaller than the required capital costs, the EVA will be-
come negative and the business unprofitable. This is somewhat crucial if the CoC 
ratio is chosen artificially high. 

 

Risk Adjusted Return on Capital (RAROC)  

A further risk adjusted parameter is the Risk Adjusted Return on Capital where the 
following relation holds: 

 

RAROC =  EVA / Available Capital. 

 

To calculate the RAROC the required capital and a model of capital costs are 
needed. The RAROC is an index without dimension whereas the EVA is an abso-
lute number. 

1.2.3 Required Capital versus Available Capital 

The task of value-based management is to compare the available and required 
capital. In a sufficient situation the available capital is equal to the required capital 
or even higher.  

 

 

 

                                            
7Stern Stewart & Co. has trademarked the abbreviation EVA. 
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Figure 7: Value Management versus Risk Management 

On the one hand, an evaluation of the available capital is needed to analyze the 
actual value. Thus valuation models like the security principle (e.g. German GAAP), 
best estimate (e.g. US GAAP and partly IFRS actual status) or fair value (e.g. IFRS 
final status) are used to determine the available capital. Those are quite traditional 
valuation approaches which do not consider any risks. 

On the other hand, the required capital specifies the amount of capital which is 
needed to cover the risks taken by the insurance company. Within Solvency II con-
text, the required capital is defined as the capital needed to protect the company at 
99.5% security level. Risk models to determine the required capital are described in 
the next chapter. 

If the amount of available capital is lower than required capital, the underwriting of 
new business will not be possible in the same way as before. In such a case, the 
insurer can undertake the following options to continue business: 

 

Reduction of risk  

The risk of a gross portfolio can be reduced by different techniques which are de-
scribed below: 

 

Decrease of Volume  

The risk volume can be decreased through cancellation of contracts or products, 
through risk exclusion or through limit (sum insured) decrease. But less volume 
may lead to less profit. 

 

Value Management  

Traditional Approach 

Available Capital 

Valuation Models 
- Security Principle 
- Best Estimate 
- Fair Value 

VBM 

Risk Management  

Advanced Approach 

Required Capital 

Risk Models 
- External Models 
- Internal Models 
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Increase of Premiums  

If possible, increasing the premium is the best solution to increasing the available 
capital. Although the volume remains the same, the capital and profit situation is 
improved. But market competition has to be taken into account. 

 

Change of Risk Structure  

In order to improve the risk structure, the insurer can check its risk portfolio and 
make changes to the underwriting. In the example mentioned above, the standard 
deviation was 10,000 but if it is possible to reduce this to 8,000 by risk-adjusted un-
derwriting, the portfolio size remains the same but becomes less of a risk for the 
insurer. 

 

Purchase of reinsurance  

Reinsurance reduces the risk, but it affects the profit-situation. This will be analyzed 
in more detail in the next chapter. 

 

Increase of capital  

The last option is injection of new capital from the shareholders but this reduces the 
profit situation. 

The first insurer has to develop and improve methods for measuring risk and capi-
tal, which is necessary to secure the risk correctly. The return should be adequate 
to a special risk structure. For the evaluation of available capital the balance sheet 
capital (e.g. German GAAP or IFRS) or the (virtual) economic capital (Embedded 
Value in life insurance, shareholder’s net asset value in non-life insurance) can be 
used. 
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2 Required Capital 
 

The profit and loss situation for insurance companies fluctuates from year to year 
on the basis of risks caused by random fluctuations, errors and changes. If those 
risks occur significantly – considerably higher claims payments than expected, er-
rors in the calculation of premiums, changes in external influences (e.g. judicial de-
cisions, price levels) – then the previously collected premiums are insufficient and a 
considerable loss arises. If the claims (and administration) payments are higher 
than the premiums in such years, the exaggeration of loss must be covered by the 
insurer’s capital. The greater a company’s capital, the lower the danger of insol-
vency and therefore the higher the probability of a lasting guarantee of given per-
formance promises. This is economically desirable, because insolvency of an in-
surance company has an impact on the whole economy. As the supply of capital 
requires costs, insurers try to determine the (minimal) amount of capital which is 
appropriate according to the risk. Thus – as already mentioned in the previous 
chapter – the required capital is very important for the value based management of 
an insurer. 

To determine the required capital, there are several approaches. These approaches 
can be divided into 

 

• external models and 

• internal models. 

 

In some countries, such as Switzerland and the United States, internal models are 
not authorized by the government. In the EU both models are permitted within the 
framework of Solvency II regulations. 

The following will explain the differences between external and internal models for 
determining the required capital. The external models are only outlined briefly, 
whereas focus will be placed upon the internal models as these have at least the 
same requirements as the external models. Furthermore, internal models are more 
adequate for corporate management. The section about the internal models will be 
divided into the three sub-chapters: 

 

• Basic approach, 

• stochastic profit & loss account and 

• required capital 
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After explaining the basic approach for the internal models, the individual compo-
nents of a stochastic profit & loss account will be clarified. On this basis, the method 
of determining the required capital will be illustrated. 

2.1 External Models 

As mentioned above, external models provide a more simplistic view of the risk 
situation than internal models, because they are characterised by closed formulas 
and simplified bottom-up-approaches are usually factor models. 

Bottom-Up-Approach  in this context implies that the capital requirement must be 
determined separately first for each category of risk. Afterwards, the capital re-
quirements from the individual risk categories are aggregated to an overall capital 
requirement. 

Based on a specific time horizon, factor models  compare the available capital with 
the required capital resulting from the insurance company’s risk position. The dis-
advantage of a factor model is that it does not describe any qualitative connections. 
Thus no statements can be made about the insurance company’s actual position in 
relation to risk. External models can be divided into: 

 

• solvency models (as the Solvency II model) and 

• rating models (as the Standard & Poor model – S&P model) 

 

Rating models for instance are relatively similar to the solvency models in their cal-
culation, but may not be used to determine the required capital. They only serve for 
rating purposes. 

 

Solvency Models  

Solvency models indicate solvability rules for capital adequacy of insurance com-
panies. Besides the already mentioned Solvency II model, which applies to the in-
surance companies in the EU, there are other solvency models worldwide, such as 
the Swiss (Swiss Solvency Test) and the US-American (RBC standards) solvency 
model. 

To regulate capital resources, Solvency II, for example, uses a two-stage approach 
which consists of a Solvency Capital Requirement (stage 1) and a Minimum Capital 
Requirement (stage 2). 

The Solvency Capital Requirement (SCR) corresponds with the capital which the 
insurance company should have at its disposal in order to have a high probability 
(at least 99.5%) of not being technically ruined by the losses occurring during the 
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following period of one year. The Minimum Capital Requirement (MCR) reflects the 
provision of a minimal level of the insurance company's own funds and corresponds 
with the amount of capital, below which the continuance of the insurance business 
can be endangered. A breach of the Minimum Capital Requirement leads to serious 
measures, which can culminate in a withdrawal of the business license. 

The amount ordinarily required to be maintained by the insurance company corre-
sponds to the Solvency Capital Requirement (target capital). According to Solvency 
II, this may be determined either by a uniform so called “Standard Formula“ as an 
external solvency model or by an internal model which will be explained in later sec-
tions.8 

For a sufficient capitalization an insurance company must have at its disposal avail-
able capital of at least the same amount as required capital, i.e. 

 

Available Capital / Required Capital ≥ 100 %. 

 

Concerning the model structure, solvency models have changed over time but there 
are four main risk categories that determine the general model framework. 

 

Asset risks  Default risks  

Asset default 

Market risk 

Asset default 

Reinsurance default 

Currency risk  

Interest rate risk  

Underwriting risks Operational risks 

Premium risk IT failure 

Reserve risk Management error 

 etc. 

  

 
Figure 8: Risk Categories for Solvency Models 9 

                                            
8Heep-Altiner a.o. (2010), p. 8-11; Heep-Altiner a.o. (2011), p. 5-9. 
9Heep-Altiner a.o. (2010), p. 12. 
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The table above illustrates the four main risk categories covered by solvency mod-
els (and that must be covered by all other models at least) which will be explained 
in the following. 

Asset Risks  

Asset risks are subdivided into special subcategories, e.g. asset default, market 
risk, (foreign) currency risk and interest rate risk. The asset default can also be 
categorized as default risk. 

 

Default Risks  

In principle those risks include the default of assets as well as the default of rein-
surance (regarded as an asset), but within the framework of solvency models the 
asset default risk has been classified as an asset risk. In order to reduce the risk of 
reinsurance default, a minimum rating should be required with respect to the re-
insurer chosen. 

 

Underwriting Risks  

Underwriting risks are divided into premium risk and reserve risk. The premium risk 
is limited exclusively to incorrectly calculated premiums or unusually high losses 
from new business. The reserve risk is the risk that the reserves for outstanding 
claims of the existing business are too low. An underwriting loss therefore arises, if 
the calculated premium or the accrued reserves are lower than needed. 
 

Operational Risks  

Operational risks are not originally insurance-specific risks. They include all operat-
ing risks which can cause losses in a business. For example, management errors 
or the failure of administrative systems belong to this category. 

For each group of risks considered, a separate capital requirement is calculated. 
The individual capital requirements are aggregated to obtain the total capital re-
quirement where different correlations are taken into account. The aggregation of 
the individual risks can be distinguished conceptually between two assumptions: 

 

1. The risks R1, …,Rk with the capital requirements C1, …, Ck are assumed 
to be fully dependent on each other as well as on the residual risk. 

 
2. The risks Rk+1, …,Rn with the capital requirements Ck+1, …, Cn

 are 
assumed to be correlated with the correlations ρij. 
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In summary the following general aggregation formula can be established: 

 

Ctotal = C1 + ... + Ck + (∑i>k Ci
2 + ∑i,j>k ρij · Ci · Cj)

1/2 

 

This aggregation rule shall be illustrated in the following example for an insurance 
company with the following values: 

 

Operational Risk  (OR)  100.0, 
Underwriting Risk  (UW)  400.0, 
Asset Risk   (A)  300.0. 

 

The capital requirements due to underwriting risk and asset risk are considered to 
be totally independent where the following assumptions hold with respect to the 
capital requirements due to operational risk: 

 

Totally Independent OR:  Ctotal  = [CUW² + CA² + COR²]1/2 
= [400.0² + 300.0² + 100.0²]1/2 
= 509.9 

Fully Dependent OR:  Ctotal  = [CUW² + CA²]1/2 + COR      
= [400.0² + 300.0²]1/2 + 100.0   
= 600.0 
 

This example shows how much influence the dependence structure has upon the 
determination of the capital requirement. The capital requirements of the subgroups 
are identical in both variants but their dependency is different. Thus different total 
capital requirements result.10 

 

Rating Models  

In the following, the rating models will be explained on the basis of the S&P model. 
The S&P model (like solvency models) is a factor model and also results from a 
bottom-up approach. Concerning the underwriting risk, this model represents a 
simple approach consisting of an entity factor, a premium factor and a reserve fac-
tor for the determination of the capital requirement. It is used for ratings purposes. 

                                            
10Heep-Altiner a.o. (2010), p. 11-14; Heep-Altiner a.o. (2011), p. 7-11. 
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The entity factor  depends on the level of security targeted at the individual com-
pany level. The following diagram shows the entity factors for the relevant rating 
categories according to S&P.11 

 

Rating Class 
 

Entity Factor Financial Security 

AAA Above 175 % Outstanding 

AA 150 % - 174 % Excellent 

A 125 % - 149 % Very good 

BBB 100 % - 124 % Good 

 
To obtain a stable S&P rating, a company should orient towards the higher limit of a 
range in the calculation of its capital resources. Thus, possible negative events can 
be absorbed without being downgraded to a lower rating. Accordingly, an entity fac-
tor of 125 % would indicate a stable BBB rating rather than an A rating. 

The premium and reserve factors depend on the risk structure of a segment. These 
factors are provided as fixed values by S&P. The following describes the capital 
allocation  system according to S&P: 

 

RC(1)  = Entity Factor · Premium Factor · Premium, 
RC(2)  = Entity Factor · Reserve  Factor · Reserve at the Begin of Period 2, 

… 
RC(t)  = Entity Factor · Reserve  Factor · Reserve at the Begin of Period t. 

 

At the beginning of the first period, the capital requirement is calculated by the mul-
tiplication of the entity factor with the premium factor for each segment and the 
premium (as volume measure). In the following periods, the multiplication takes 
place with the reserve factor and the residual reserve at the beginning of the new 
period (as volume measure) instead of the premium factor and the premium.12 

2.2 Internal Models – Basic Approach  

Within the Solvency II framework insurers can also establish their own internal 
models instead of using external models to determine their capital requirements in 
order to reflect their business risks which have been described in the previous 

                                            
11Heep-Altiner a.o. (2010), p. 56. 
12Heep-Altiner a.o. (2010), p. 55-57. 
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chapter. They are allowed to use these internal models insofar as the respective 
internal models have been previously checked and certified by the supervisory au-
thorities. 

In contrast to solvency and rating models which start with the capital requirements 
due to the individual risks and aggregate those requirements to a total capital re-
quirement (bottom-up approach) internal models establish the total capital require-
ment due to the company’s risks and reallocate the required capital to the individual 
risk categories afterwards (top-down approach). The following relation should hold: 

 

Available Capital – Required Capital ≥ 0. 

 

In contrast to external models, internal models are normally not factor models, but 
stochastic models, in which economic target functions such as capital, capital return 
or profit and loss account should be optimized. Subsequently, the profit and loss 
account should serve as an economic target function and thus the stochastic eco-
nomic capital at the end of the period should be optimized. A stochastic profit and 
loss account will be obtained by the simulation of numerous possible profit and loss 
accounts for the end of the current period. From a solvency point of view there is a 
risk that a considerable loss occurs at the end of the period and that capital is 
needed to balance this.13 

The starting point of the stochastic profit and loss account is the deterministic 
capital  at the beginning of the period. This capital is not simulated. Usually the 
economic capital (EC) which is based on a fair value valuation of all assets and li-
abilities will be chosen in this context. Following this, deterministic capital is 
changed by the result of the stochastic profit and loss account and the stochastic 
capital  at the end of the period is obtained in the following way: 

 

Stochastic EC at t = 1 =  Deterministic EC at t = 0                    
    + Technical Result 

     + Non-technical Result 

 

The stochastic profit and loss account contains the ordinary profit and loss effects in 
relation to the technical and non-technical result, which have already been consid-
ered in the business’ budget account, as well as the extraordinary profit and loss 
effects due to risks. Thus the non-technical result can be subdivided further into 

 

                                            
13Heep-Altiner a.o. (2010), p. 15-16; Heep-Altiner a.o. (2011), p. 11-12. 
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• result due to assets, 

• result due to extraordinary risks and 

• result due to tax such as ordinary tax application and extraordinary tax 
depreciation. 

 
In order to construct an internal model, we need the following “relevant compo-
nents”: 
 

• Fair value approach for the economic capital, 

• ESG scenarios as external input parameters and 

• Monte Carlo simulations as a technique for the stochastic model,14 

 

where ESG denotes “Economic Scenario Generation”. In the next section, the fair 
value approach to evaluate the available capital is outlined. 

 

Fair Value Approach  

Internal models usually intend to evaluate assets and liabilities by their fair value. 
The fair value approach implies the measurement of a stochastic cash flow to es-
tablish a (sometimes virtual) market price. Relative to a fair value valuation, there 
are the following different approaches: 
 

• Mark-to-Market Approach with 

o market values or 

o values of a replicating portfolio. 

 

• Mark-to-Model Approach with 

o real world valuation, 

o risk neutral valuation or 

o cost of capital valuation. 

 

According to the mark-to-market approach,  the fair value results from a market 
value or – if there is no direct market value available – the value of a replicating 

                                            
14Heep-Altiner a.o. (2010), p. 16-18; Heep-Altiner a.o. (2011), p. 12-15. 
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portfolio. A replicating portfolio is a market portfolio which has the same cash flows 
as the original portfolio and which is traded in “deep and liquid” markets. 

Claims reserves in non-life insurance are neither traded on an active market nor 
reproduced by market values of traded securities, thus a mark-to-model approach  
must be established in order to produce a virtual transaction value. 

Different techniques to establish a fair value according to a mark-to-model ap-
proach are explained below in a very simplified manner, whereby all three ap-
proaches should lead to the same result in theory. In practice differences result due 
to the parameters of the models, which are chosen differently. 

 

Real World Valuation (Risk Adequate Discount)  

In a real world valuation, the expected value of the cash flow is calculated due to 
the real probability measure P. The cash flows are discounted with a risk adequate 
discount rate (rdr), which is made up of the risk-free interest rate (rf) and an interest 
spread (s). For the valuation of a risky cash flow X concentrated at the duration D 
the following relationship is given: 
 

FVRW (X) = EP[X] / (1+ rdr)D = EP[X] / (1 + rf ± s)D. 
 
If we evaluate a risky asset cash flow the spread s is positive; if we evaluate a risky 
liability cash flow the spread s is negative. 
In the following example, the fair value of an asset with two possible results (i.e. a 
higher and a lower value) is established with reference to a real world probability 
measure. 
 
Higher value: 1,200 with (real) probability 60.0 %  

Lower value: 700 with (real) probability 40.0 % 

Risk free interest rate (rf): 4.0 %      

Risk spread (s): 4.1 %     

Risk discount rate (rdr): 8.1 %    

Duration (D): 1.0    

              

EP [X]  = 1,200 · 60.0% + 700 · 40.0%  = 1,000 

 

FVRW (X)  = 1,000 / 1.081 =    925 
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The example calculation is typical for the valuation of assets. By valuing liabilities, 
the risk spread should be subtracted from the risk-free interest rate, so that the risk 
discount rate can even be negative. 

 

Risk Neutral Valuation (Equivalent Martingale Measu re) 

In the risk neutral valuation the real probability measure P is replaced by an equiva-
lent martingale measure Q, such that the expected value due to the measure Q of 
the risky cash flow can be discounted with the risk-free rate instead of the risk ade-
quate discount rate. Thus the application of a risk spread can be avoided, because 
the probability measure is changed in such a way that all cash flows deliver risk-
free returns. For our simplified assumption the following relation holds: 

 

FVRN (X) = EQ[X] / (1 + rf)D. 

 

Given risky asset cash flows the measure Q “puts” higher probabilities on low val-
ues; given risky liability cash flows the measure Q “puts” higher probabilities on high 
values. 

Concerning the example of the asset with two possible results which was consid-
ered above, the following valuation approach (analogous to the previously estab-
lished fair value on the basis of a real world valuation) is obtained: 

 

Higher value: 1,200 with (risk neutral) probability 52.4 %  

Lower value: 700 with (risk neutral) probability 47.6 % 

Risk free interest rates (rf): 4.0 %      

Duration (D): 1.0    

              

EQ [X] = 1,200 · 52.4% + 700 · 47.6% = 962 

 

FVRN (X)  = 962 / 1.04  = 925 

 

 

In the case of a liability, the equivalent martingale measure has the effect that the 
probability of the higher value is raised such that more weight is given to the higher 
value. 
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Cost of Capital Valuation (Transaction Value)  

Analogous to the real world valuation, the determination of the transaction value is 
based on the real (simulated) probability measure. However, it is discounted with 
the risk-free interest rate. To take account of the risk, costs of capital (as a risk 
margin) are applied. Thus the following relationship is given: 

 

FVCoC (X) = EP [X] / (1 + rf)D  –/+ CoC. 

 

The costs of capital have a reducing effect given risky asset cash flows and an in-
creasing effect given risky liability cash flows. Because this approach reproduces a 
transaction mechanism, it is appropriate to commitments, whereby the problem lies 
in choosing the correct parameters. 

If we consider again the example of the asset with both events, we obtain the fol-
lowing cost of capital approach: 
 
Higher value: 1,200 with (real) probability 60.0 %  

Lower value: 700 with (real) probability 40.0 % 

Risk free interest rates (rf): 4.0 %      

Duration (D): 1.0    

              

EP [X] = 1,200 · 60.0% + 700 · 40.0%  = 1,000 

 

FVCoC 
(X)  = 1,000 / 1.04 – 36 =    925 

 

 
Concerning the fair value valuation of liabilities by the aid of this cost of capital ap-
proach, the cost of capital margin is added to reflect the risk and not subtracted. It 
has to be noted that the real world approach and the risk neutral approach are nor-
mally used for establishing the fair value of risky asset cash flows. The cost of capi-
tal approach has gained acceptance for establishing the fair value of risky liability 
cash flows such as claims reserves.15 

 

 

                                            
15Heep-Altiner a.o. (2011), p. 46-53. 



  

 

- 25 - 

Economic Scenarios  

A further important field of application for simulations is the modelling of common 
external market parameters. These are required for the simulation of the fair value 
of assets and liabilities. 

Assets (in contrast to liabilities) are influenced in particular by many external market 
parameters, as they depend heavily upon overall economic and financial develop-
ment. It is therefore also necessary to integrate the stochastic development of the 
capital market into an internal model. In this case we speak of “economic scenario 
generation”. The following external market parameters should be included in such 
scenarios: 

 

• Interest rate curves, 

• share price indices, 

• spreads for bond risks, 

• currency exchange rates, 

• developments in inflation and 

• real estate indices. 

 

These external market parameters can either be generated by simulations within 
the company’s own internal models or bought from external providers. In the latter 
case the data must only be included into the internal stochastic model. 

The following example calculation gives an illustration. It evaluates the stochastic 
fair value of a risky zero bond on the basis of a market scenario given the following 
parameter: 

 

Deterministic FV at t = 0 Nominal Value of the Zero Bond:  1,000.00 

 Duration of the Zero Bond:  5 

 risk-free Rate (deterministic) 4.0% 

 Risk Spread (deterministic) 3.0% 

   

 FV0  = 1,000 / (1 + 0.040 + 0.030)5 = 712.99 
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Stochastic FV at t = 1 Nominal Value of the Zero Bond:  1,000.00 

 Duration of the Zero Bond:  4 

 risk-free Rate (stochastic � ESG) 6.0% 

 Risk Spread     (stochastic � ESG) 3.0% 

   

 FV1  = 1,000 / (1 + 0.060 + 0.030)4 = 708.43 

   

Change in FV at t = 1 ∆FV1 = FV1 – FV0 = 708.33 – 712.99  =   - 4.56 

 

In the example outlined, the stochastic fair value of the zero bond after the expira-
tion of the period clearly results from the simulated risk-free interest rate and the 
simulated interest rate spread.16 

 

Monte-Carlo Simulations  

By the means of Monte-Carlo simulations, an empirical capital distribution at the 
end of the period can be generated by the simulated stochastic profit and loss ac-
count and the deterministic capital at the beginning. It is necessary that as many 
simulations as possible will be carried out in order to show extremely rare events. 
Exceptional circumstances, such as operational risks, which occur very rarely and 
whose consideration is extremely important due to solvency reasons, can only be 
shown accurately by a multitude of simulations. 

The following figure illustrates possible developments towards the stochastic capital 
after one period (based on a deterministic capital of 500 at beginning) for five simu-
lated paths. 
 

                                            
16Heep-Altiner a.o. (2010), p. 66-68. 
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Figure 9: Capital after one Year for given Monte Ca rlo Simulations 17 

 

For approximating the distribution of the capital after one year as many Monte Carlo 
simulations of the stochastic profit and loss account have to be carried out as pos-
sible. Only then, can very rare events with a highly negative influence on the profit 
and loss account be considered. 

After a sufficient large number of simulations, the majority of the simulations is dis-
tributed around the mean value. It can be observed that the distribution of the capi-
tal after one year is limited at the positive tail, because the maximal profit after one 
year is limited. On the other hand, relatively high claims payments may occur so 
that the distribution is relatively unlimited at the negative tail. As a consequence the 
distribution is normally left skewed. 

From a solvency perspective, the focus lies on the negative tail of the distribution, 
where the cases are illustrated in which the capital approaches nil and the insur-
ance company is threatened with insolvency. The scenarios in which the capital 
after one year is above the mean value are less diversified than the scenarios in 
which the capital is below the mean value.18 

The structure of a capital distribution at the end of the period is illustrated in the fol-
lowing figure. This distribution of capital is typically left skewed. This means that the 
distribution is limited at the positive tail but runs out at a negative tail. 

                                            
17 Heep-Altiner a.o. (2010), p. 63. 
18Heep-Altiner a.o. (2010), p. 62-64. 
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Figure 10: Distribution of the Capital after one Ye ar19 
 

The costs of modelling a capital distribution by an internal model are hardly justifi-
able on the basis of the solvency requirements. It is therefore recommendable to 
use the results for steering purposes, as the simulated distribution provides the fol-
lowing controlling information: 

 

• Technical Ruin   � defines the SCR   at t = 0, 

• Minimum Capital Required � defines the MCR  at t = 1, 

• Solvency Capital  � defines the SCR  at t = 1, 

• Rating Capital   � defines the RCR  at t = 1. 

 

Technical ruin  occurs, if the capital at the end of the period falls below zero. Due 
to the Solvency II requirements the capital at the beginning of the period  must be 
high enough such that technical ruin occurs only once in 200 years. 

The minimum capital required  at the end of the period  defines the next steering 
level. If the capital at the end of the period fells below this level, this would imply 
ruin for the shareholder. Even if business activities were not prohibited, the supervi-
sory authorities would take over the management of the business in this case. This 
would be the equivalent to an “expropriation” of the owner. 

The next level is the solvency capital at the end of the period . If this level is not 
reached at the end of the period the supervisory authorities would contact the in-

                                            
19 Heep-Altiner a.o. (2010), p. 64. 
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surance company and demand adequate actions to solve the problem by the end of 
the following period. 

Another important focus is on securing the rating capital at the end of the period . 
The downgrading of a company’s rating due to a decrease in capital at the end of 
the year can have the result that in the following year less business can be written 
and that the investment returns demanded by the shareholders cannot be not pro-
duced. 

If (on the base of a simulation model) the probability of falling below an intended 
level is too high, the company should undertake appropriate management meas-
ures.20 

Because the minimum capital required, the solvency level, and the rating level have 
to be evaluated at t = 1 it is necessary to simulate the distribution also at t = 2 (or to 
proceed some type of approximation) in order to establish whether the level can be 
reached in the next period. 

By checking the distribution above, it is obvious that the company does not comply 
with the solvency requirements at t = 0. This example will be discussed more inten-
sively in the following sections.  

2.3 Internal Models – Stochastic Profit & Loss Acco unt 21  

In this section, we will focus in more detail on modeling different risks within a sto-
chastic profit & loss (P&L) account. A short overview of the risk categories has al-
ready been given in the previous section. Concerning stochastic P&L account, there 
is a split between 

 

• Technical Result (Underwriting Risk) and 

• Non-technical Result with underlying 

o Asset Risk, 

o Reinsurance Default Risk, 

o Operational Risk and 

o Other Risks such as Extraordinary Tax Depreciation. 

 

The stochastic P&L is necessary for the determination of the required capital by 
stochastic simulations. The most important component of the stochastic P & L is the 

                                            
20Heep-Altiner a.o. (2010), p. 64-66. 
21 This chapter is a short summary of the chapters 3 to 5 from “Interne Modelle nach Solvency II”, 
Heep-Altiner, Kaya, Krenzlin, Welter.  



  

 

- 30 - 

ordinary P&L due to the yearly business budget. An overview of how to model the 
underwriting and asset risks is shown in the figure below. 

 

 

Figure 11: Underwriting and Asset Risk 22 

 

Concerning underwriting and asset risks, we can differentiate between existing and 
new business. The existing business  is reflected in the existing reserves and the 
assets covering those reserves. The reserve risk reflects the possible volatility of 
the existing business, which occurs due to the change of the reserves. The real 
claims amount may differ significantly from the estimated value. 

The new business  is reflected in the incoming premium and outgoing claims. It is 
important to calculate the premium risk-appropriately in order to cover the claims. 
The premium risk reflects the risk that the premium – even if calculated appropri-
ately – is insufficient to pay an extraordinary claims experience. Within the context 
of the stochastic modeling, management rules play an important role in any case. 
Those rules cover aspects like the Strategic Asset-Allocation or the coverage of the 
solvability23. 

Apart from the underwriting and asset risks there are also other stochastic influ-
ences, which affect the P&L result from the non-technical side. The most important 
of them are reinsurance default and operational risk together with extraordinary tax 
depreciation. Those aspects should be considered in an internal model. 

                                            
22 Heep-Altiner, Maria 2011, Internes Holdingmodell nach Solvency II, p. 109  
23 Nikolic, Hrabovszki 2012, Interpretation von Modellergebnissen, p. 3 
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2.3.1 Technical Result – Underwriting Risk  

As already could be seen in the figure above and will be illustrated afterwards, the 
underwriting risk can be split into 
 

• reserve risk for the existing business and 
• premium risk for the new business. 

 
Among the variety of models for reserve evaluation, we can choose for instance a 
chain ladder model. With the help of a stochastic model, we can see possible de-
velopments of our reserves. As a consequence, the chain ladder model is stochas-
tic; thus we obtain stochastic best estimates together with a distribution of these 
values. In a one-period-model, only the stochastic of the next diagonal is relevant 
so that the full volatility is not realized. 

With a stochastic reserve model, we can measure the reserve risk as well as the 
run-off risk. The reserve risk reflects the possible deviations from a given best esti-
mate and the run-off risk reflects the possible volatility of the payment pattern. 

A claims model is necessary to determine the premium risk and the run-off risk of 
the new business. The premium risk reflects the possible insufficiency of the pre-
mium to pay the claims. The run-off risk reflects the volatility of the payment pat-
terns of the new business. 
 

Premium and Reserve Risk  

Due to solvency requirements, underwriting risk must be split into premium risk and 
reserve risk. The premium risk reflects the risk of the premium in the current year 
being insufficient to cover the losses. The reserve risk reflects the risk of the re-
serve for the existing business at the beginning of the year being insufficient at the 
end of the year. Consequently the non-technical result net can be structured as fol-
lows: 
 
 

 

 

 

 

 

 

 

 

Net Premiums

– Net Costs

– Net Claims Payments        – New Business

– Allocation to Net Reserves – New Business

– Net Claims Payments     – Existing Business

+ Change in Net Reserves – Existing Business

_____________________________________

= Net Non-technical Result

Premium Risk

Reserve Risk
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Concerning the reserve risk, the expected value of the non-technical result net 
should be zero. This means that on average the payments should be equal to the 
changes of reserve for the existing business. Thus, the reserve risk reflects the 
variability of the existing business result due to payments and change of reserves in 
the existing business. 

Moreover, the premium and reserve risk could be decreased significantly by rein-
surance. For solvency requirements, it is very important to measure how the rein-
surance decreases the risk and thus the required capital. 

The decrease of risk by reinsurance depends on the type of the reinsurance be-
cause the risks can be ceded proportionally or non-proportionally. In many cases, it 
may not be sufficient to buy only proportional reinsurance due to possible big claims 
amounts in the tail of a claims distribution. 

 

New Business Model  

As already mentioned we need a claims model for the new business to analyze the 
structure of the claims distribution. Moreover, the claims model is necessary in or-
der to see how reinsurance affects the required capital. It may be quite important to 
model more than the total claims amount in order to analyze the real impact of a 
reinsurance solution. There should therefore be at least a split into 
 

• Base Claims, 

• Nat Cat Claims and 

• Major Claims. 

 

This split enables us to check the efficiency of the reinsurance solution. Moreover, 
different reinsurance treaties should be used to secure those different claims types. 

 

Base claims  have a high frequency with low claims amount. Therefore, they need 
not be reinsured at all or only on a proportional basis. This type of claims can be 
estimated by a global distribution of aggregate losses using, for example, the panjer 
recursion. 

 

Nat Cat claims  arise from one event and relate to many policy holders. Those 
events are caused by natural hazards, which are modeled using an event model 
with event tables from external providers or individually depending on the com-
pany’s own portfolio structure. The Nat Cat claims are usually reinsured on an XL 
per occurrence basis. 
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Major claims  have a low frequency, but a high claims amount. They are so very 
volatile that a stochastic simulation is quite important. 

Because of the low frequency and the high amounts, major claims are reinsured on 
an XL per risk basis24. In order model this type of claims adequately, they must be 
split into a claims number and a claims size model. Therefore one needs 

 

• a frequency model for the claims number and 

• a severity model for the claims size. 

 

For a better understanding of the impact of the reinsurance on the major claims we 
will outline those two model types in more detail with an example. 

 

Frequency Model  

To model the frequency  we apply a Poisson model. The Poisson distribution is one 
of the simplest discrete distributions suitable for a frequency model. This distribution 
depends only on the Poisson parameter λ. If N is the number of claims, than 
 

P[X = N]  = (λN / N!) · e-λ 

E[X]   = λ 

Var[X]  = λ 

The Poisson parameter λ defines the expected value as well as the variance of this 
distribution. Being an average, λ does not need to be integral. Usually the expected 
value is not equal to the variance. Therefore, it has to be checked whether the ob-
served parameter fits in the hypotheses “expected value = variance” or not. 

The probabilities as well as the accumulated probabilities of a Poisson distribution 
with parameter λ = 4.32 are shown in the figure below. 

  

                                            
24Heep-Altiner, Maria 2010, Internes Modell nach Solvency II, p. 19. 
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Figure 12: Poisson Distribution 

 

Given this Poisson distribution, a randomly drawn quantile of 62.80% results in an 
expected claims number of five. 

 

Severity Model  

To model the claims amount  we apply a Pareto model. It is a continuous distribu-
tion, which depends on the parameters K (threshold) and α (Pareto parameter). The 
Pareto parameter α must be positive; it determines how fast the distribution function 
trends to 100%. 

The variance and the expected value depend on the parameters α and K. More-
over, this distribution is very special because if α is less than 1 we do not have an 
expected value; if α is less than 2 we do not have a variance etc. Especially the 
following relations hold: 

 

P[X < x]  = 1 – (x / K) - α 

E[X]   = (α · K) / (α – 1) 

Var[X]   = (α · K2) / [(α – 1)2 · (α – 2)] 

 

The Pareto distribution is suitable for modelling the major claims amount, because it 
starts at a threshold K (corresponding to an excess point of an XL treaty). More-
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over, the Pareto distribution has a relatively heavy tail, which can be seen in the 
figure below:  
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0 5 10 15 20 25 30

Claims Size

Density Function

Distribution Function

 

Figure 13: Pareto Distribution 

 

The density function and the distribution function of the Pareto distribution shown in 
the figure above are based on the following parameter: 

 

Pareto Parameter α  3.57 

Threshold K   5.00 

E[X]     = (3.57 · 5.00) / (3.57 – 1) 

= 6.94. 

 Var[X]    = (3.57 · 5.002) / [(3.57 – 1.00)2 · (3.57 – 2.00)] 

     = 8.57. 

So far, we have modelled the expected claims number and the expected claims 
size. Assuming independency between claims number and claims size we obtain 

 

 E[S] = E[N] · E[X] 

 E[S] = 4.32 · 6.94 = 29.98 
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where S denotes the total claims amount. Given a realized claims number of 5 (cor-
responding to a drawn quantile of 62.80%) the following table illustrates a realiza-
tion of the total claims amount S. 

 

N

1 1 5.36% 5.08
2 1 68.44% 6.90
3 1 60.52% 6.48
4 1 8.80% 5.13
5 1 53.27% 6.19

Sum 5 29.78

Claims 
Number

Claims 
Size 

Drawn 
Quantile 

 

Figure 14: Simulated Gross Claims Amount 

 

For every realized claim, a quantile for the claims size is drawn, e.g. 5.36% for the 
first claim. Assuming a Pareto distribution with the parameter specified above we 
obtain: 

 

F[x]  = 1 – (x / K) - α 

x  = K · (1 - F[x]) -1 / α     

 x  = 5.00 · (1 – 0.6052) -1 / 3.57     

x  = 6.48. 

 

Summarizing all realized claims amounts we obtain a realized total claims amount 
of 29.78 in this scenario. 

 

Reinsurance Efficiency  

In many cases, reinsurance is needed in order to protect against high major claims. 
Furthermore, having reinsurance coverage requires less capital. Therefore, it is im-
portant to measure the impact of reinsurance. In order to check the efficiency of a 
reinsurance solution we regard the Fair Value of ceded reserves defined in the fol-
lowing way: 
 

 FV of Ceded Reserves = Present Value of Expected Ceded Payments 

     + Discharge in Cost of Capital 

     - Risk Margin for Reinsurance Default 



  

 

- 37 - 

Normally reinsurance “costs money” at a nominal valuation base, but there should 
be a positive profit & loss effect at a fair value valuation base.  This is the case if a 
reinsurance solution 

 

• decreases the required capital need and / or 

• improves the net result at a fair value base. 

 

Those aspects are illustrated in the table below giving a simplified example how an 
efficient reinsurance solution may appear.  

 

Position Gross Ceded Net

Return 10.0 3.0 7.0
Risk adjusted Capital 100.0 18.0 60.0
RoRAC 10.0% 16.7% 11.7%  

 

Figure 15: Efficiency of a Reinsurance Solution (1)  

 

As we can see in the table, the insurer is able to decrease its required capital by an 
amount of 40.0, where the reinsurer needs only a required capital of 18.0 (due to 
synergy, which is described in the first section). Consequently both insurer and re-
insurer have a better return on risk adjusted capital after reinsurance. The amount 
of gross and net capital required can be estimated by Monte Carlo Simulations. 

In order to illustrate this in more detail we will have a further look at the example 
given before, where we considered a major claims model that enables a check of 
different reinsurance solutions by stochastic simulations. 

 

Calculation  Example – Reinsurance Efficiency  

For a given realization, five claims have been drawn with a simulated total claims 
amount of 29.78. We can check now the impact of a reinsurance treaty with the fol-
lowing characteristics: 
 

Excess Point      5.0 

Excess    10.0 

Limitation of Claims Number      2 
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So the reinsurer will pay for the part of a claim exceeding 5.0 million, but only up to 
10.0 million where solely the first two claims will be released. In the table below the 
impact of this reinsurance solution on the given realization is illustrated. 

 

Gross Layer Ceded Net
1 5.08 0.08 0.08 5.00
2 6.90 1.90 1.90 5.00
3 6.48 1.48 0.00 6.48
4 5.13 0.13 0.00 5.13
5 6.19 1.19 0.00 6.19

Sum 29.78 4.78 1.98 27.80

Claims S ize
N

 

Figure 16: Simulated Net Claims Amount 

 

If we look at the third claim an amount of 1.48 exceeds the excess point of 5.0 mil-
lion.  This amount will not be ceded, because the reinsurer only covers 2 claims so 
that the net claims amount equals the gross claims amount. This example for a 
given realization indicates that the chosen reinsurance solution does not seem to 
be effective. 

A lot of realizations are simulated by Monte Carlo simulations. In the following chart 
the expected values and important quantiles describing the empirical distributions 
are illustrated. 

 

Claims
Number Gross Ceded Net

Expected 4.4 30.7 3.5 27.2
Quantiles

75.0% 6.0 40.5 4.8 36.5
90.0% 7.0 51.3 7.5 48.2
95.0% 8.0 60.5 10.0 55.6
97.5% 9.0 65.9 10.9 61.2
99.0% 10.0 75.9 12.3 71.7
99.5% 11.0 79.6 13.0 76.6
99.9% 15.0 115.5 15.9 111.9

Claims Size 

 

Figure 17: Empirical Distributions 

 

It should be noted that you need a sufficient number of simulations in order to ob-
tain a stable parameter. In our example the expected claim size gross is 30.7 mil-
lion and the expected ceded part is 3.5 million, so that the primary insurer retains in 
average 27.2 million net. 
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In the table below we have illustrated the decrease in required capital between the 
gross and the net values as well as the change between the gross and the net CoC 
rates.  

 

Position Gross Ceded Net

Expected Value 30.7 3.5 27.2
Duration 2.00 2.50 1.94

Present Value 28.4 3.2 25.2
Quantile Value 90.0% 75.0% 90.0%

Quantile 51.3 4.8 48.2
Required Capital for 1 Period 20.6 1.4 21.0

CoC Rate 10.0% 15.0% 8.9%
CoC per Period 2.1 0.2 1.9
CoC in Total 3.9 0.5 3.4  

Figure 18: Efficiency of a Reinsurance Solution (2)  

In this example the fair value of the ceded reserves (due to the CoC requirements 
of the reinsurer) is subtracted from the fair value of the gross reserves (due to the 
CoC requirements of the first insurer) determining a net CoC ratio where the fair 
values gross and ceded are defined as 

 

 Fair Value = Present Value + CoC in Total. 

 

A risk margin for reinsurance default has not been considered in this example. For 
the calculation of the present value PV the expected value EV is discounted with 
the risk-free interest rate r with respect to the duration D as follows: 

 

PV = EV · (1 + r) – D 

 

We obtain the required capital for one period RC1 by subtracting the EV from the 
quantile values QV according to the following formula: 

 

RC1 = QV – EV 

Assuming (approximately) a constant capital allocation over the run-off period D we 
obtain the following relations for the cost of capital for one period CoC1 and the total 
cost of capital CoC: 
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CoC1  = CoC in % · RC1 

CoC  = CoC1 · (1 – (1 + r) - D) / r 

 

Subtracting the ceded fair value from the gross fair value we obtain a net CoC ratio 
of 8.9% being smaller than the gross CoC ratio of 10.0%. Furthermore, we need 
more required capital on a net base. This implies that the analyzed reinsurance 
treaty is quite inefficient. 

This simplified example indicates two important criteria for analyzing the efficiency 
of a reinsurance solution. 

 

• First, if the net CoC rate is higher than the gross CoC rate than the 
reinsurance structure is considered to be efficient. 

• Second, if the RC net is much smaller than the RC gross, then the 
reinsurance structure is considered to be efficient, especially if the first insurer 
does not have sufficient capital without that type of reinsurance.25 

 

An efficient reinsurance treaty must produce a big capital relief by taking a lot of risk 
at the tail of a claims distribution. In the previously analyzed example the structure 
should be changed to a much bigger excess without any limitation of claims num-
ber.  

2.3.2 Non-technical Result – Asset Risk  

Insurance covers underwriting as well as asset management. Thus the stochastic 
P&L is influenced not only by technical risks, but also by non-technical risks. 

The technical (underwriting) result may be positive or negative, whereas the asset 
result as the biggest part of the non-technical result is very often positive. There-
fore, there is a good chance to balance a negative technical result or the result ac-
cording to operational and other risks. 

The asset risk comprises different types of risks. In the following part we will focus 
on the four most important risk influences, which are shown in the figure below: 

 

                                            
25Heep-Altiner, Maria 2010, Internes Modell nach Solvency II, p.148-152. 
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Asset & Liability Risks 

Mainly ESG Modelling Techniques 

Interest 
Rate Risk 

Currency 
Risk 

Asset Risks 

Default 
Risk 

Market 
Risk 

 

Figure 19: Asset Risks 

 

The market risk  is the risk that the asset values, stock values in particular, de-
crease. However, we have to distinguish between the stock risk and the property 
risk. 

The default risk  implies the risk of a default of a bond. If the issuer is not able to 
pay, the insurance company may receive nothing or only a part of the nominal 
amount of the bonds. 

The interest rate risk  is the risk influenced by price fluctuations of bonds, which 
are based on rising market interest rates. Interest rate risk also occurs on the liabil-
ity side; it is an asset & liability risk. 

The currency risk  describes the currency fluctuations at the currency market. It 
includes the risks for assets and liabilities. 

Interest and currency changes influence assets and liabilities, in such a way that 
the risks can be decreased by diversification or hedging. However, a minimization 
of such risks reduces the chance of extra profits. Another risk influence is given by 
correlations between assets and liabilities influencing the stochastic P&L.26 

Economic Scenario Generation (ESG) is used for modeling the asset risks. ESG 
generates different market scenarios, e.g. with different market volatility, different 
market interest rates or with different performances of derivatives. It is important to 
generate a sufficient number of market scenarios to produce stable conclusions on 
the distributions.27 28 

                                            
26Heep-Altiner, Maria 2011, Internes Holdingmodell nach Solvency II, p. 156-160. 
27 Heep-Altiner, Maria 2010, Internes Modell nach Solvency II, p. 66-67. 
28 Heep-Altiner, Maria 2011, Internes Holdingmodell nach Solvency II, p. 161-162. 
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In the following, we would like to demonstrate how the asset risk can influence the 
FV. We therefore focus on the interest rate risk and the spread risk. 

 

Calculation Example – Interest Rate Risk  

In order to demonstrate an example for the interest rate risk we consider a risk-free 
zero bond given the following parameter: 
 

Deterministic FV at t = 0 Nominal Value of the Zero Bond:  1,000.00 

 Duration of the Zero Bond:  5 

 Risk-free Rate (deterministic) 4.0% 

   

 FV0  = 1,000 / (1 + 0.040)5 = 821.93 

   

Stochastic FV at t = 1 Nominal Value of the Zero Bond:  1,000.00 

 Duration of the Zero Bond:  4 

 Risk-free Rate (stochastic � ESG) 6.0% 

   

 FV1  = 1,000 / (1 + 0.060)4 = 792.09 

   

Change in FV at t = 1 ∆FV1 = FV1 – FV0 = 792.09 – 821.93  = - 29.83 

  

The increase of the risk-free interest rate from 4.0% to 6.0% produces a loss of 
29.83. 
 

Calculation Example – Spread Risk  

In the second example we would like to show the impact of a change of the risk 
spread given the following situation: 
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Deterministic FV at t = 0 Nominal Value of the Zero Bond:  1,000.00 

 Duration of the Zero Bond:  5 

 Risk-free Rate (deterministic) 4.0% 

 Risk Spread (deterministic) 3.0% 

   

 FV0  = 1,000 / (1 + 0.040 + 0.030)5 = 712.99 

   

Stochastic FV at t = 1 Nominal Value of the Zero Bond:  1,000.00 

 Duration of the Zero Bond:  4 

 Risk-free Rate (stochastic � ESG) 4.0% 

 Risk Spread (stochastic � ESG) 5.0% 

   

 FV1  = 1,000 / (1 + 0.040 + 0.050)4 = 708.43 

   

Change in FV at t = 1 ∆FV1 = FV1 – FV0 = 708.33 – 712.99  =   - 4.56 

  

The increase of the risk spread from 3.0% to 5.0% produces a loss of 4.56. 

2.3.3 Non-technical Result – Reinsurance Default 

Any loss arising from reinsurance default basically depends on the probability and 
the size of such default as well as the volume of reinsurance written. The probability 
of RI default can be determined by the credit worthiness of reinsurers involved in 
business relationship with primary insurer. 

In its turn, the credit worthiness of a particular reinsurer can be classified according 
to his credit rating. It is possible that the discharge of CoC given an efficient rein-
surance solution can decrease significantly, if the selected reinsurer has a poor 
credit worthiness. 

The ceded part of capital costs represents a discharge in capital costs. The risk 
margin, on the contrary, is a burden on capital costs; it depends on the reinsurer’s 
credit worthiness or rating. In other words, the risk margin is a price for the potential 
RI default. 

The following table illustrates an example of a possible insurer's RI structure  ac-
cording to the ratings of the reinsurers according to the default probabilities (e.g. 
provided by rating agencies): 
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Figure 20: Structure of a Reinsurance Portfolio 

As it can be seen, most reinsurance contracts in this example are concluded with 
reinsurers having ratings from AAA to BBB. The average default probability is 
1.02%, which reflects an average BB reinsurance structure. This, however, may be 
crucial for an industrial insurer. 

The overall default probability as well as the RI exposure change after a period of 
one year and should be modeled stochastically, e.g. in the following way: 

 

Determin. RI default at t = 0 RI Exposure:  1,000.0 

 Average Default Probability:  1.02% 

 Expected Default: 10.2 

   

Stoch. RI Default at t = 1 RI Exposure:  1,050.0 

 Average Default Probability:  5.00% 

 Expected Default: 57.5% 

 

The expected default has changed significantly due to a very high stochastic reali-
zation of the average RI default probability.  

2.3.4 Non-technical Result – Operational Risk 

Operational risks additionally affect the P&L result. They arise from business risks 
and are not insurance specific (e.g. IT-defaults, management mistakes and wrong 
process organization). Any operational risk affects the balance sheet negatively 
either as cash flow in the current period or in form of a bad debt reserve at the end 
of the period. 

By law, German insurers for example have to provide information about their opera-
tional risks in the appendices to the annual reports – usually in form of a so called 
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“risk map”. In order to create such a map the insurers have to identify, evaluate, 
and control their own risks. 

However, due to the lack of statistical data this can be done based solely on the 
systematic self-assessment. An example of a quantitative risk map is shown in the 
figure below: 

 

Risk 
No.

Amount Probab. Exp. Value STD with 
Corr. of 0%

1 10 0.1% 0.01 0.32
2 50 0.1% 0.05 1.58
3 100 0.1% 0.10 3.16
4 500 0.1% 0.50 15.80
5 10 1.0% 0.10 0.99
6 50 1.0% 0.50 4.97
7 100 1.0% 1.00 9.95
8 500 1.0% 5.00 49.75
9 10 10.0% 1.00 3.00
10 50 10.0% 5.00 15.00

13.26 55.64Total  

Figure 21: Quantitative Risk Map 

 

The insurer estimates, according to a self-assessment, the amount A and probabil-
ity P of a risk occurrence. The expected value EV and the standard deviation STD 
of a single risk can be calculated as follows: 

 

 EV  = A · P 

 STD  = A · (P · (1 - P))1/2 
 

The expected value is linear; therefore the total value can be calculated by just add-
ing the individual values. The standard deviation does not behave in a linear fash-
ion. However, taking into account an assumed average correlation of 0% the total 
value can be calculated as follows: 

 

 STD(X1 + … + Xn) = (VAR(X1) + … + VAR(Xn))
1/2 

 

In the given example the total expected value of operational risk equals 13.26 and 
the total standard deviation equals to 55.64. It is very much evident that operational 
risks have a very high coefficient of variation (defined as CV = STD / EV), which 
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equals 419.9% in this case. For normal P&L risks, the CV is typically below 100%. 
Because of this, the density function is highly right skewed.  In the figure below an 
approximation of the distribution by a lognormal distribution is illustrated. 
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Figure 22: Distribution Function of Operational Ris ks 

 

The distribution function converges slowly against 100% because of the high coeffi-
cient of variation. This distribution reflects the fact that the expected losses due to 
operational risks are quite low. On the other hand, there are very high realizations 
having a big impact on the risk situation of an entity. In the following chart the risk 
map according to the given example is illustrated. 
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Figure 23: Qualitative Risk Map 
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The amount of possible operational risks is shown on the vertical axis and the 
probability of their occurrence on the horizontal axis. Both values are divided into 
three classes: low, medium and high. In total there is a classification in three differ-
ent risk areas: 

 

• high risks  � red area, 

• medium risks � yellow area, 

• low risks  � green area. 

 

The red area  represents the highest risks. Any risk located in this area occurs with 
a medium or high probability and causes a middle or high loss. Insurers should take 
appropriate measures in order to reduce or eliminate the number of such risks or to 
reduce the amount of loss. 

The yellow area  describes medium risks. These risks have either high probability 
of occurrence combined with small amount of loss or low probability of occurrence 
with high level of damage. The insurers should constantly monitor these risks and 
prevent any movement from the medium risk area into the high risk area. 

The green area  represents a low danger area, where only risks with low probability 
of occurrence and small amount of expected losses are located. The risks within 
this area do not really imply a high danger, but they should not move into other ar-
eas. 

In order to show the impact of operational risks more accurately we will model the 
equity of an insurer with and without inclusion of operational risks.  

1,000.00 350.00 Equity
650.00 Liabilities

Total 1,000.00 1,000.00 Total

Assets

Assets                              1,000.00 336.74 Equity
650.00 Liabilities
13.26 Bad Debt Reserve

Total                                  1,000.00 1,000.00 Total

Assets                                

Assets Liabilities

Liabilities

 

Figure 24: Balance Sheet Excluding & Including Oper ational Risks 
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At first glance it can be recognized that inclusion of operational risks as a bad debt 
reserve immediately leads to a lower actual capital of 336.74 compared to 350. 

All balance sheet positions will be simulated on the assumption of lognormal distri-
bution with the following parameter: 

 

  Expected 
Value 

Coeff. of 
Variation 

Standard 
Deviation 

 

 Assets 1,000.00 10.0% 100.00  

 Liabilities 650.00 12.5% 81.25  

 Operational Risks 13.26 419.9% 55.64  

 

The capital excluding operational risks results as difference between assets and 
liabilities, while the capital including operational risks is additionally reduced by the 
simulated risks. The results on the basis of 5,000 simulations are shown in the fol-
lowing table: 
 

excl. OR incl. OR in %
Expected Values 351.97 339.24 96.38%
Ruin Probabiity 0.67% 1.29% 192.54%
Required Capital 369.22 423.22 114.63%

Capital Distribution

 

Figure 25: Simulated Capital & Ruin Probability 

 

The required capital under a VaR approach corresponds to the expected value mi-
nus the 0.5%-quantile. The inclusion of operational risks in our example is reflected 
in the increase of capital required - by 14.6% from 369.22 to 423.22 while the avail-
able capital decreases only by 3.6%. Thus, the inclusion of operational risks in-
creases the ruin probability and the capital required disproportionally; operational 
risks have a considerable impact. 

2.3.5 Non-technical Result – Extraordinary Tax Depr eciation 

The extraordinary tax depreciation occurs only in extreme situations and has a very 
negative impact on the P&L result. 

If a company observes a loss, there is usually a "negative" tax burden in form of a 
“loss carried forward”. This loss can be balanced against future profits. In a market 
value model this can be treated as a deferred tax asset on the economic balance 
sheet. If there is no further future profit expected, then this deferred tax asset has to 
be written off extraordinarily. 
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Any internal model should include suitable management rules to treat such extraor-
dinary tax depreciation. There is a “minimal rule” to write off if the capital is only 
covered by deferred tax assets. Compare the figure below. 

 

300.00 Equity
50.00 Liabilities

Deferred Tax 350.00
Total 350.00 350.00 Total

Assets Liabilities

 
Figure 26: Extraordinary Tax Depreciation 

 

In this scenario, the company owns “tax assets” of 350 covering an equity of 300. 
Given such a situation, the company is more or less insolvent so that deferred taxes 
of 350 have to be written off. The equity after depreciation equals -50; the company 
is insolvent. 

This example reflects the fact that tax effects do not prevent a ruin. In this case, the 
company won’t be saved from insolvency by the tax authority. Tax effects can only 
smooth the P & L results, but nothing more. 

The extraordinary tax depreciation may produce extreme non-linear effects. Thus, it 
is by no means clear how much capital a company has to inject (in case of a defi-
ciency) or can extract (in case of a redundancy) according to solvency require-
ments. 

2.4 Internal Models – Required Capital 

In the previous chapters, the most relevant mathematical and economic basic prin-
ciples for an internal risk model have been developed. It has been explained how to 
model the individual components of a stochastic profit and loss account by Monte 
Carlo simulations. In this section, all information will be combined to an overall 
model. To obtain the required capital we have to perform the following steps: 

 

• Merging the individual model components to an overall model by using 
management rules. 

• Performing a simulation run to determine the empirical overall distribution. 

• Evaluation of the empirical overall distribution to determine the required 
capital by the Value at Risk (VaR) or the Tail Value at Risk (TVaR) Principle. 

• Allocation of the required capital to the risk influences (top-down approach). 
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As previously explained, the deterministic capital at the beginning of the period and 
the stochastic profit and loss account simulated by Monte Carlo simulations are 
used to calculate the capital at the end of the period where the choice of input pa-
rameter is fundamental in this context.  

2.4.1 Complete Model & Capital Distribution  

The stochastic profit and loss (P&L) due to the basic equation discussed before 
consists mainly of stochastic profit & loss contributions and the respective input pa-
rameter but it is also determined by management rules. 

 

Management Rules  

Management rules are non-stochastic elements of an overall model that affect the 
income statement. They serve as a further basis for business decisions. In the 
modeling process the corporate strategy should be designed without unnecessary 
complexity. The following management rules were applied in all our calculations: 

 
• All assets like stocks are considered as accumulated without any liquid 

dividend outgo. 

• All liquid accruals are invested in short term risk-free papers until the end of 
the year. 

• Short loans to cover negative liquidity can also be performed on a risk-free 
base. 

• Dividends from subsidiaries or to parent companies are not taken into 
account.29 

 

It should be pointed out that the impact of management rules is not very strong in a 
short term calculation. But in consideration of several periods, management rules 
can represent significant factors which influence the results. 

 

Input Parameter  

With regard to the overall model, the following types of parameter have to be con-
sidered: 

 

• Market parameter (e.g. market interest rate). 

• Corporate parameter (e.g. tax rate). 
                                            
29 Heep-Altiner, Erfolgsorientierte Unternehmenssteuerung, Vorlesungssskript, 2012. 
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• Profit & Loss specific parameter (e.g. assets, premium-income, claims 
reserve, reinsurance structure). 

• Correlation parameter (e.g. between risk-free rate and spread of fixed-income 
bonds) 

 

After all input parameter and management rules have been established, Monte 
Carlo simulations can be performed based on the calculation scheme. 

2.4.2 Complete Model & Capital Distribution – Calcu lation Example  

In this section a simplified stochastic profit & loss account model will be established 
and used so that a capital allocation at the end of the period can be determined. 
Monte Carlo simulations are based on random experiments, which are carried out 
by using suitable random numbers. It should be noted that a sufficient number of 
simulations have to be generated, in order to produce stable results. Monte Carlo 
simulations establish an empirical distribution which serves as an approximation of 
the theoretical distribution. The quality of the approximation depends on the number 
of simulations. 

Based on the distribution, the capital needs of the company are determined. Finally 
the capital is allocated by using a top-down approach to individual model compo-
nents. 

The following figure shows the input parameters for the example, which will be ana-
lyzed further in more detail. 

 

Parameter Average Coeff. of 
Variation 

Market Interest Rate 4% 10% 

Capital at Begin 500  

Tax Rate 35%  

Op. Risk (in % of Premium) 5% 250% 

Premium 1,000 2% 

Cost Ratio 20% 10% 

Loss Ratio 70% 35% 

Figure 27: Input Parameter for the Calculation Exam ple 

In the example described in this section the following components of a P&L account 
are modelled in a simplified way: 
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• Technical Income. 

• Non-technical Income (Assets). 

• Non-technical Income (Operational Risk). 

• Non-technical Income (Extraordinary Tax Depreciation). 

 

For this example 10,000 simulations have been performed using lognormal distribu-
tions in order to represent the risks adequately. An extract from the simulation re-
sults is shown in the following figure. 

 

Scenario Capital Premium Costs Claims Techn. Market Non-
Number at Begin Result Interest Techn.

Rate Result
1 500.0 980.1 207.1 910.1 -137.1 4.4% 19.1
2 500.0 1,031.8 207.6 743.8 80.4 4.0% 21.3
3 500.0 1,008.0 154.9 697.5 155.6 4.3% 24.6
4 500.0 989.3 220.9 542.0 226.4 3.7% 22.6
5 500.0 990.9 174.8 765.4 50.8 3.7% 19.3
6 500.0 993.5 217.2 1,210.5 -434.2 4.3% 12.0  

Figure 28: Stochastic P&L-Calculation Example (1) 

 

The technical result is derived from the differences between premium income and 
the sum of costs and claim payments for the current period, e.g. for scenario no. 6: 

 

  Premiums   993.5 

 – Costs – 271.2 

 – Claims Payments – 1,210.5 

 = Technical Result = - 434.2 

 

The non-technical result is obtained as full return on the capital at the beginning of 
the period together with the return for half a period on the underwriting cash bal-
ance (on the base of the market interest rate), e.g. for scenario no. 6: 

 

  Capital at Begin  · Market Interest Rate  500.0 · 4.3% 

 + Technical Result · Market Interest Rate (½ 
year) 

+ ½ · (- 434.2) · 4.3% 

 = Non-technical Result = 12,0 
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In each scenario, the capital at the end after tax is obtained as sum of the capital at 
the beginning, the technical result, the non-technical result (according to asset in-
come), the operational risk result and the tax result. 

 

Scenario operat. Capital Tax on Tax Tax Capital 
Number Risk at End Overall Sign Off Result at End

Result before Tax Result after Tax
1 -62.4 319.6 63.1 0.0 63.1 382.8
2 -205.0 396.7 36.2 0.0 36.2 432.8
3 0.0 680.2 -63.1 0.0 -63.1 617.1
4 0.0 749.1 -87.2 0.0 -87.2 661.9
5 0.0 570.0 -24.5 0.0 -24.5 545.5
6 -171.6 -93.8 207.8 -207.8 0.0 -93.8  

Figure 29: Stochastic P&L-Calculation Example (2) 

 

The operational risk is modeled as a bad debt reserve by a lognormal distribution 
with the parameter specified above. For scenario number 6 a bad debt reserve with 
an amount of 171.6 has been simulated in such a way that we obtain: 

 

  Capital at Begin   500,0  

 + Technical Result + - 432.2 

 + Non-Technical Result + 12.0 

 + Operational Risk Result + - 171.6 

 = Capital at End before Tax =  - 93.8 

 

Without tax, the company would be ruined in this scenario so that the capital at the 
end after tax would only be covered by deferred assets. Due to the minimal man-
agement rule an extraordinary tax depreciation will be proceeded with the following 
result for scenario number 6: 

 

  Tax on Overall Result  207.8 

 – Tax Depreciation – 207.8 

 = Tax Result = 0.0 

 + Capital at End before Tax +  -93.8 

 = Capital at End after Tax =  - 93.8 
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After tax depreciation the capital at end before tax equals the capital at end after 
tax. Deferred tax assets do not prevent the ruin of a company. 

2.4.3 Determination of Required Capital  

Having carried out a complete simulation run, the determination of the capital re-
quirements at the end of the period is possible. This can be done by using the VaR 
principle as well as the TVaR principle. 

 

Value at Risk (VaR) Principle  

The VaR is a risk measure, which was developed to estimate the risk of loss. The 
Value at Risk is the loss amount that should not be exceeded within a certain period 
of time with a certain probability (confidence level). Applied to the stochastic capital 
at the end of the year, the VaR denotes the level where the capital should not fall 
below with a given probability. 

Solvency II requires a capital (SCR = Solvency Capital Required) with respect to 
the risk measure VaR. The capital at the end of the period should not fall below 
zero (technical ruin) with a (ruin) probability of more than 0.5%. Thus a security 
level 1 - α = 99.5% (99.5%-quantile) is reached. 

According to this, an insurance company should only suffer a loss which cannot be 
covered by capital once in 200 years. Due to the VaR principle the required capital 
(RC) at the end of the period is calculated as follows: 

 

  RCα  = E [C1] – VaRα [C1] 

  RCα          Capital after one year given a risk level α 

  E [C1]         Expected value of the capital after one year 

  VaRα [C1] Value at Risk of the capital after one year given a risk level α 

 

The capital requirement is calculated according to the differences between the ex-
pected value of capital after one year and the corresponding VaR. It may happen 
that the expected value for extremely skewed distributions is smaller than the VaR 
producing a negative capital requirement. 

Given the example discussed earlier, Monte Carlo simulations produce a VaR0.5% of   
-149.7 and an expected value E[C1]  of 522.1 for the capital at the end of the period. 
This results in a capital requirement of 671.8, so that this company does not provide 
sufficient capital. 
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The required capital specified above is defined according to the distribution after 
one period. According to Solvency II the required capital has to be specified at the 
beginning at the period. 

 

Tail Value at Risk (VaR) Principle  

As an alternative to the VaR Principle, the capital requirement can be determined 
by the TVaR principle. The TVaR is defined as the average of all losses exceeding 
the VaR. 

The TVaR corresponds to the conditional expected value and is calculated by the 
following formula: 

 

TVaRα [C1] = E[C1 | C1 ≤ VaRα[C1]], 

 

with E[C1 | C1 ≤ VaRα[C1]] being the expected value of the capital after one year 
under the condition that this capital is less than the Value at Risk at level α. 

The problem of skewed distributions concerning the VaR does not exist with re-
spect to the TVaR. The capital requirement after one year on the base of to the Tail 
Value at Risk principle is higher than the capital requirement on the base of the 
Value at Risk principle. Summarized the following formula holds: 

RCα   = E[C1] - TVaRα[C1] 

RCα   Capital requirement after one year at level α 

E [C1]    Expected value of capital after one year 

TVaRα [C1] Tail Value at Risk of the capital after one year at level α 

 

The following table illustrates the difference between the two principles given a risk 
level of 0.5% according to the Solvency II requirements: 

 

VaR TVAR

Expected 522.1 522.1
VaR0.50% -149.7

TVaR0.50% -243.3
Required Capital 671.8 765.4

Principle

 

Figure 30: VaR Principle versus TVaR Principle (1) 
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Due to the fact that the TVaR provides more consistent mathematical results, it is 
sometimes used in internal models.  

 

Figure 31: VaR Principle versus TVaR Principle (2) 

 

Excursus: Withdrawal of Excess Capital  

In this excursus, it will be explained in detail that the treatment of excess capital 
(defined as the difference between available and required capital) depends on the 
(non-linear) effect of extraordinary tax depreciation. 

Given a value-based management approach, any holding tries to keep a company’s 
capital as low as possible to reduce costs and to have enough excess capital for 
further investments. 

The executive board of a holding has to keep in mind two aspects, if they want to 
remove excess capital from a company: 

 

• Complete fulfillment of solvency requirements and 

• correct treatment of non-linear tax – effects.   

 

In very special cases it may happen that after the withdrawal of a high amount of 
excess capital, significant non-linear effects occur due to extraordinary tax depre-
ciation. As a consequence, the required capital “jumps up” as can be seen in the 
following figure.  
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Figure 32: Non-linearity of Excess Capital 

 

Consequently, the amount of excess capital that can be withdrawn in case of re-
dundancy is smaller than estimated. On the other hand, less capital has to be in-
jected in a case of deficiency than estimated. Both effects have to be tested by 
simulations.  

2.4.4 Capital Allocation  

After the determination of the required capital, we would like to analyze the contri-
butions of different income positions to the required capital in more detail. The fol-
lowing methods of capital allocation are discussed in particular: 

 

• Proportional Allocation   VaR, TVaR Principle 

• Adjustment of Risk Level   VaR Principle 

• Covariance Algorithm   VaR, TVaR Principle 

• Co-Measure Algorithm  TVaR Principle 

• Shapley Algorithm 

 
Capital allocation is defined as an assignment of capital to single P&L contributions. 
An allocation algorithm specifies how to distribute the synergy effects to a single 
risk influence. It is important to note that high-risk segments require a higher share 
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of capital than low-risk segments. In consequence, due to their higher capital vol-
ume, high-risk segments have to generate more profit (in absolute values). 

In the following sections, we would like to outline different mathematical methods to 
allocate the capital in an insurance company. However, before any method can be 
applied, we have to determine the required capital where two different approaches 
can be used according to the Value at Risk or Tail Value at Risk principle. The 
Value at Risk at a 99.5% security level is used in Solvency II. The Tail Value at Risk 
is used very often in internal models. 

 
Proportional Allocation  

The Proportional Allocation is the simplest approach to allocate the capital in a non-
life insurance company without large calculation effort, because the synergy effect 
is allocated proportionally. Stochastic properties are not considered in this ap-
proach. The capital is calculated by using the following mathematical formula:   

 
RCi,mod  =   RCi · RCges / ∑ RCi    where 

RCi,mod          Capital Allocation per Single Risk 

RCi  Required Capital per Single Risk (without synergy effects) 

RCges  Required Capital at Company Level 

∑ RCi  Sum of all Single Required Capital (without synergy effects) 

 

The disadvantage of this approach is that no risk structure and no dependence be-
tween single risks is considered. 

 

Adjustment of Risk-Level   

The basic assumption of this approach is the reduction of the security-level for sin-
gle contributions so that the sum adds to the total capital requirement. With this  
approach in mind, the following formula applies:   

 

RCi,mod  = RCi,β      with      ∑ RCi,β = RCges,α 

RCi,mod Capital Allocation per Single Risk 

RCi,β        Required Capital at a Security Level β per Single Risk 

∑RCi,β       Sum of Requ. Capital at a Security Level β for all Single Risks 

RCges,α    Capital Requirement of the company at a Security Level α   
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This approach of Risk-Level Adjustment takes stochastic properties into account. In  
comparison to a proportional allocation, the risk situation in the tail area is modeled 
more adequately.  A disadvantage of this approach is that it is not linear. 
 
Covariance Algorithm  

For the Covariance Algorithm, the covariance contributions of the individual compo-
nents to the overall variance are calculated with the aid of a correlation matrix. The 
capital is allocated according to the covariance contributions, see the following fig-
ure with an allocation algorithm on the base of the RC according to TVaR principle. 

 

Techn. Non- operat. Capital 
Result Techn. Risk at End

Result after Tax
Required Capital 664.4 13.4 87.7 765.4

in % 86.8% 1.8% 11.5% 100.0%  

Figure 33: Covariance Algorithm  

 
All in all, the Covariance Algorithm represents a relatively simple and easily appli-
cable method for the allocation of capital, which considers the risk in an adequate 
manner. A disadvantage is that this algorithm puts a disproportionate amount of 
weight on high risks.30 
 
Co-Measure Algorithm  

The Co-Measure Algorithm is based on the linearity of the conditional expected 
value so that the Algorithm is suitable when the capital requirement is determined 
by the Tail Value at Risk principle. The Co-Measure Algorithm is defined by the fol-
lowing formula: 
 

C1   = C0 + ∑ PLi    

E [C1]            = C0 + ∑ E[PLi] 

TVaRα[C1]   = C0 + ∑ E[PLi | PL ≤ VaRα[PL]] 

RCα   = ∑ (E[PLi] - E[PLi | PL ≤ VaRα[PL]])= ∑ RCi,α 

C1  Capital after one year 

E [C1]   Expected value of capital after one year 

TVaRα[PL]  Tail Value at Risk with risk level α 

RCα   Capital requirement with risk level α after one year 

                                            
30Nguyen 2008, Handbuch der wert- und risikoorientierten Steuerung von Versicherungsunterneh-
men, p. 218. 
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The Co-Measure Algorithm is a modern statistical approach with good mathemati-
cal properties. A disadvantage is that it may allocate extremely high capital re-
quirements to higher risks. Therefore alternative approaches should be considered 
if necessary, for example the Shapley Algorithm.31 

 

Shapley Algorithm  

The Shapley Algorithm is a game theoretical method which determines the capital 
need of a risk throughout the accession to an already existing collective. This 
method is a combinational procedure where all possible N! combinations of N risks 
are taken into account. In a portfolio with a wide number of risks this method 
causes enormous calculation effort.   

For clarification, the Shapley Algorithm will be explained with the following example 
given three risks X, Y and Z.  In case of normally distributed risks the required capi-
tal is proportional to the standard deviation (STD) in such a way that we focus on 
this risk measure in the following. We have the following marginal contributions: 

 

1. If X is considered as the first risk:    

Mx = STD (X) 

2. If X is considered as the second risk after the risk Y: 

MX|Y = STD (X+Y) – STD (Y)   

3. If X is the last risk: 

MX|Y+Z = STD (X+Y+Z) – STD (Y+Z) 

4. Combination of all risk contributions 

RX = ⅓ · MX + ⅓ · (½ · MX|Y + ½ · MX|Z) + ⅓ · MX|Y+Z   

5. The overall risk is described as followed: 

RX + RY + RZ = RX+Y+Z = STD(X+Y+Z)   

 

Overall, the Shapley Algorithm receives a wide range of acceptance. Because of 
the enormous calculating effort due to the large number of risks, the practical appli-
cation of this method is questioned.  If we use the variance instead of the standard 

                                            
31Heep-Altiner; Haker; Lazic; Westermann et al. 2011, Internes Holdingmodell nach Solvency II-
Schritt für Schritt zu einem internen Holdingmodell, p.26-27. 
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deviation as a risk measure, then the Shapley Algorithm delivers the Covariance 
Algorithm. 

 

Comparison of Allocation Methods 32 

The following table presents an overview of the main attributes of different alloca-
tion methods as well as their advantages and disadvantages. 

 

Allocation 
Method 

Advantages Disadvantages 

 

Proportional Al-
location 

• Simple handling • No consideration of 

   stochastic properties 

Adjustment of 

Risk Level 

• Consideration of    

  stochastic properties 

• Relatively complex 
• No Linearity 
• Big risks demand high capital 

Covariance 

Algorithm 

• Consideration of 

  stochastic properties 
• Genuine acceptance   

• Application in many 

   standard models 
• Linear approach 

 

• Big risks demand high capital 
• Does not fit to the VaR or 

   TVaR principle 

Co-Measure Al-
gorithm 

• Consideration of   

  stochastic properties 

• Linearity 

• Coherence 

• Big risks demand high capital 

• Low acceptance of results 
• Elimination of small risks 
• Fits only to the TVaR principle 

Shapley 

Algorithm 

• Intuitive allocation   

  algorithm 
• Widely accepted 
• Equality principle 

• Highly complex calculation 

• Calculation time 

 

The Covariance Algorithm is a very manageable approach, because it presents a 
relatively simple and easily executable method of capital allocation that also con-

                                            
32Heep-Altiner; Kaya; Krenzlin; Welter et al. 2010, Interne Modelle nach Solvency II - Schritt für 
Schritt zum internen Modell in der Schadenversicherung,  2010, p. 222. 
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siders the risk in an adequate way. However, the method only represents a linear 
dependency between the risks that is not adequate in every case. 

The use of the Proportional Allocation is very easy, but the dependencies between 
the risks and the risk situation in the tail area are not considered. 

With respect to the Adjustment of Risk-Level, stochastic properties are also consid-
ered and the risk situation in the tail area is indicated more accurately. However, 
this method is not linear. 

Other methods like the Co-Measure Algorithm or the Shapley Algorithm seem to be 
attractive approaches, but they are not always applicable, because business seg-
ments carrying big risks demand high capital (Co-Measure Algorithm) or because 
the method demands a great computing time in case of a high number of risks 
(Shapley Algorithm).  

 

Cost of Capital  

The required capital is the central input factor for the business model of insurance. 
In this section the determination of the required capital has been explained in more  
detail. Costs of Capital define the price for providing this input factor. In the follow-
ing figure the mechanism to calculate the Cost of Capital is illustrated: 

 

Period

Required Capital

Extra Dividend

Cost of Capital

t = 0 t = 1 t = 2

ED(1) ED(2)

RC(1) RC(2) RC(3) RC(n)

ED(n)

…

…

…

t = n-1 t = n

…

…

…

ED(n-1)

 

Figure 34: Cost of Capital (CoC) 

 

As the figure illustrates Cost of Capital can be defined as the present value of extra 
dividends (in the sense of a risk spread) on the Required Capital that is needed to 
secure the risk coverage. In the following sections the CoC will be described in 
more detail. 
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3 Risk-Based Performance Measurement 
 

In the previous section we saw how an insurance company can determine its re-
quired capital and how this capital can be allocated to several risk influences. This 
chapter presents firstly the management of underwriting. Subsequently, it  illus-
trates how insurance companies can control their total portfolio including the capital 
investment. The last section describes the performance optimization. To sum up, 
the following topics are treated: 
 

• Underwriting Performance, 

• Asset Performance. 
 

Furthermore, the section dealing with underwriting performance is separated into 
the following two different approaches: 
 

• Traditional Performance Measurement, 
• Risk-based Performance Measurement. 

 
In order to understand the difference between those two approaches, detailed ex-
amples are discussed. 

3.1 Underwriting Performance Measurement 
One part of underwriting performance measurement consists in the definition of 
guidelines to subscribe the risk. Profitability analyses are used to verify the those 
guidelines. These analyses take place before the underwriting (new business) or 
afterwards during the execution (existing business). There are two perspectives: “A 
priori” in order to tariff a new business or “a posteriori” to control an existing busi-
ness. The figure below illustrates the time horizon of a profitability analysis. 

 

 
 

Figure 35: New Business versus Existing Business 

 

t=0 t=1 t=n 

New Busi-
ness 

A priori 

Existing Bu-
siness 

A  posteriori 

… 
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The following section focuses on the "a priori" underwriting analysis with respect to 
new business. There is a consideration of the target values at the beginning of the 
underwriting period. The following values have to be estimated: 

 

• The claims amount, 

• administration and other costs, 

• costs of capital, 

• risk-free interest rate and 

• required capital. 

 

With this input data we can determine the premium and check whether the segment 
is profitable or not. 

3.1.1 Traditional Performance Measurement 

This section starts with the traditional approach of premium calculation. It is only 
based on the results of the underwriting process and does not include the expected 
investment income. This will be evaluated separately and does not influence di-
rectly the premium calculation. In practice, the premium calculation is influenced by 
more factors e.g. the impacts of competition policy. 

 

New Business  

According to the traditional approach the premium has to cover the administration 
costs, the ultimate claims amount and an additional profit margin. In non-life insur-
ance it is assumed that there is usually a profit margin between two and three per-
cent.33 The following relation holds: 

 

 Administration Costs 

+ Ultimate Claims Amount 

+ Profit Margin 

= Premium 

 
This premium is the basis for assessing profitability. In this assessment, usually the 
technical result or the combined ratio is calculated. These terms are explained later. 

 
                                            
33 Heep-Altiner (2010), p. 45 
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Existing Business:  

In order to assess profitability the underwriting result is determined. Additionally it 
might be considered that the expected profit margin could be fulfilled as calculated 
in the premium. The “a posteriori” underwriting result is defined as follows: 

 

 Premium 

- Administration Costs 

- Claims Amount 

 = Underwriting Result 

 

Another method of profitability assessment is the consideration of the combined 
ratio as a combination of loss ratio and cost ratio. Both, the cost ratio and the loss 
ratio are already used as an indicator for a portfolio assessment. The loss ratio is 
the relationship of claims payments to received premiums. The cost ratio represents 
the relation of administrative costs versus received premiums. The combined ratio  
is calculated as follows: 

 

Combined Ratio = (Administration Costs + Claims Amount) / Premium. 

 

In an underwriting perspective, the combined ratio should be less than 100% for 
delivering a return. In practice, the combined ratio varies widely between different 
branches.  

Both key indicators of the traditional approach are easy to determine and easy to 
understand. But just the underwriting is considered and not the capital investment. 
A consideration of the cash flows  is usually not performed. But for the insurance 
business, it is characteristic that the payments have to be paid with a time delay to 
the premium income. Because of that the financial resources are not needed in total 
and can be invested in the capital market bearing interest. This can compensate a 
negative underwriting result. But the traditional approach does not consider this as-
pect adequately. 

Therefore the traditional performance measurement may not assess whether an 
achieved profitability is sufficient. 

The examples described in the following assume average claims and cost pay-
ments. These are only statistical parameters which may not realize in practice. If 
these variations cannot be compensated by the collective, the insurance company 
has to compensate an unfavourable claim experience by the provision of capital. 
The traditional approach does not show which level of risk should be secured by 
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capital and how much excess return the insurance company has to generate in or-
der to use this capital. Thus, the traditional performance measurement does not 
consider all important aspects. 

3.1.2 Traditional Performance Measurement – Calcula tion Example 

In this section an example of a liability segment is discussed with respect to the tra-
ditional performance measurement with the following input parameter: 

 

Premium 1,000.0 

Cost Ratio 25.0% 

Loss Ratio 80.0% 

Duration 3 

 

The premium income of 1,000 is received at the beginning of the first period. Addi-
tional premium payments do not occur. It is assumed that there are costs of 25% of 
the premium and a loss ratio of 80%. Due to a security principle the claim reserve  
is initially constituted with 900 (over reservation). The duration (e.g. the average 
payment duration) is 3 years. When the cost ratio and the loss ratio are summed 
up, it results a combined ratio of 105%. It will be checked if this business can be at 
all profitable or if the insurance company suffers a loss. 

After an example with respect to a single accident year , we consider a regular 
premium income resulting from an increasing or a decreasing portfolio over several 
accident years . Finally, we consider the impact of interests . 

 

Profit & Loss Effect – Single Accident Year  

This example assumes a constant portfolio on the base of a single accident year. 
The following table shows the development of the liability segment for the financial 
years 1 to 4 where the premiums are recorded as an income in the first year.  An 
amount of 25% of the premium is subtracted immediately as costs. Also, a claims 
reserve of 900 is established. 
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1 2 3 4

Inc. Exp. Inc. Exp. Inc. Exp. Inc.  Exp. Inc. Exp.
Premiums 1,000 0 0 0 1,000 0
Costs 250 0 0 0 0 250
Claim Payments 0 0 0 800 0 800
Claim Reserves 900 0 0 -900 0 0
Sum 1,000 1,150 0 0 0 0 0 -100 1,000 1,050
Combined Ratio

Financial Year

115.0% 105.0%

Total

 

Figure 36: Income & Expenses – Single Accident Year  

 
The result in the first year covers an income of 1,000 and expenses of 1,150 and 
results a combined ratio of 115% for this financial year. In the next two years there 
are no cash flows, so that the claims reserves remain unchanged until the fourth 
year. Because of the dissolution of the over reserved claim reserve in this year, the 
insurance company gets an income of 100. The example ends in the fourth year, 
because there are no additional incomes / expenses. In total, the insurance com-
pany receives an income of 1,000 and expenses of 1,050.  There is a combined 
ratio of 105% in year 4. 

Without the consideration of investment income, a segment with a combined ratio 
above 100% can never produce a positive result. 

The example should be modified, because a constant portfolio for only one accident 
year is not typical for the insurance business. 

 

Profit & Loss Effect – Several Accident Years  

We consider now a regular premium income over several accident years which re-
sults in an increasing or a decreasing portfolio. Assuming an annual growth of 10%, 
we obtain the following table: 

 

Growth 10% Inc. Exp. Inc. Exp . Inc. Exp. Inc.  Exp. Inc. Exp .
Accid. Year 1 1,000 1,150 0 0 0 0 0 -100 1,000 1,050
Accid. Year 2 1,100 1,265 0 0 0 0 1,100 1,155
Accid. Year 3 1,210 1,392 0 0 1,210 1,271
Accid. Year 4 1,331 1,531 1,331 1,398
Accid. Year 5 1,464 1,537
Sum 1,000 1,150 1,100 1,265 1,210 1,392 1,331 1,431 6,105 6,4 10

41 2 3

Combined  Ratio 115.0% 115.0%

Financial Year

115.0% 107.5% 105.0%

Total

 
 

Figure 37: Income & Expenses – Several Accident Yea rs, 10% Increase 

 
The combined ratio in the first financial year is again 115%. Because of the con-
stant increasing costs and premium income, the combined ratio does not change in 
the next two financial years. From the fourth year, when the first claims are settled, 
the combined ratio of the financial years decreases to 107.5% where the combined 
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ratio of the accident years is 105% the whole time. The reason for the increase to 
107% is the fact that the resolved claim reserve dates back to a previous period 
with lower claims expenses. But in the year of the reserve release the costs were 
already adjusted to the growing portfolio. To sum up, an increasing portfolio shows 
a negative impact on profitability. 

In a portfolio with a decrease of 10% the combined ratio of the financial years stabi-
lizes at 101.3%. Now the effects are positive. The income from the resolution of the 
claim reserve is higher than the costs of the decreasing portfolio. 

 

Growth -10% Inc. Exp. Inc. Exp . Inc. Exp. Inc.  Exp. Inc. Exp .
Accid. Year 1 1,000 1,150 0 0 0 0 0 -100 1,000 1,050
Accid. Year 2 900 1,035 0 0 0 0 900 945
Accid. Year 3 810 932 0 0 810 851
Accid. Year 4 729 838 729 765
Accid. Year 5 656 689
Sum 1,000 1,150 900 1,035 810 932 729 738 4,095 4,300

Financial Year

101.3% 105.0%

1 2 3 4 Total

Combined  Ratio 115.0% 115.0% 115.0%  
 

Figure 38: Income & Expenses – Several Accident Yea rs, 10% Decrease 

 

The two examples cover segments with an over reserving of claims reserves. Alter-
natively, the insurance companies can underestimate the reserves. If so, they have 
an additional expense when the claims are finally settled. In total, the over reserva-
tion and the under reservation have the following impacts: 

 

Over Reserving: • Higher 

• Lower 

CR (than on AY base) in increasing portfolios. 

CR (than on AY base) in decreasing portfolios. 

Under  Reserving: • Higher 

• Lower 

CR (than on AY base) in increasing portfolios. 

CR (than on AY base) in decreasing portfolios. 

  

The following section considers the impact of interests on the available financial 
resources in order to check whether a combined ratio of over 100% can be com-
pensated by these. 

 

Profit & Loss Effect – Impact of Interests  

Two scenarios with different interest rates are considered. The first scenario is a 
portfolio with a decrease of 10% where a risk-free interest rate  of 2% is applied. 
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1 2 3 4 5 6 7 8 Total
Growth -10%
Accid. Year 1 750 -800 -50
Accid. Year 2 675 0 0 -720 0 0 0 -45
Accid. Year 3 608 0 0 -648 0 0 -41
Accid. Year 4 547 0 0 -583 0 -36
Accid. Year 5 492 0 0 -525 -33
Sum 750 675 608 -253 -228 -648 -583 -525 -205
Acc. Interest 2% 757 1,454 2,097 1,883 1,691 1,070 502 -18

Financial Year
Cash Flow Result

 
Figure 39: Income & Expenses – Impact of 2% interes t 

 
Similar to the previous examples 25% of the premium incomes are costs. Further-
more, there is an over reserved claims reserve of 900. In the second year the liquid 
balance decrease to 675 due to the decreasing portfolio. As a consequence; there 
is a cumulative cash flow of 1,454 (including interest income) at the end of this year. 
This development continues until the fourth year when we observe the first claims 
payments. These claims payments have to be considered in the cash flow. 

The claim payment of 800 in the fourth year is still based on the original portfolio 
size of 1,000. Because of the decreasing portfolio, this claims payment is con-
fronted with an income of 547. Thus, we have a negative cash flow in this year for 
the first time. This development continues because the claims reserves decrease 
delayed. At the end, the cumulative cash flow decreases becomes negative in year 
8 because there has been no new business since year 6. A risk-free interest rate of 
2% is not sufficient to achieve a positive result in this example. 

The second example treats a 10 % increasing portfolio with a risk-free interest rate 
of 3%, compare the figure below.   

 

1 2 3 4 5 6 7 8 Total
Growth 10%
Accid. Year 1 750 0 0 -800 0 0 0 0 -50
Accid. Year 2 825 0 0 -880 0 0 0 -55
Accid. Year 3 908 0 0 -968 0 0 -61
Accid. Year 4 998 0 0 -1,065 0 -67
Accid. Year 5 1,098 0 0 -1,171 -73
Sum 750 825 908 198 218 -968 -1,065 -1,171 -305
Acc. Interest 3% 761 1,621 2,591 2,870 3,177 2,290 1,278 128

Cash Flow Result
Financial Year

 
Figure 40: Income & Expenses – Impact of 3% Interes t 

 
The cash flow grows because of the growing portfolio in each financial year until the 
third year; afterwards, the first claims are settled. All in all there is a positive result 
at the end. 

The example generates a positive cash flow with an interest rate of 3%. Thus, this 
interest rate can compensate the negative technical result. The segment is profit-
able, but in the traditional performance measurement it is not possible to indicate to 
what extent. 
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3.1.3 Risk-based Performance Measurement 

The traditional view does not consider the earned investment income or capital 
costs. Due to this fact, there should be a modification. In this modified approach the 
capital costs  as well as the investment income are included in the premium calcu-
lation and in the profitability-analysis. 

  

New Business  

Due to the equivalence principle for premium calculation we obtain the following 
relation covering expected (risk-free) investment income as well as capital costs: 

 

 Present Value of Administration Costs 

+ Present Value of Claims Amount 

+ Present Value of Extra Dividend 

= Present Value of Premiums 

 

The present value of extra dividend is denoted as Cost of Capital (CoC). This modi-
fied approach also results in a different treatment of existing business. 

 

Existing Business  

In order to have a profitable business there should be a (sufficient) positive present 
value  of amount of coverage . This present value is calculated as follows: 

 

 Present Value of Premiums 

- Present Value of Administration Costs 

- Present Value of Claims Amount 

= Present Value of Amount of Coverage 

 

It is now possible to check if the profitability is sufficient by comparing it with the 
Cost of Capital required by the company as follows: 

 

 Present Value of Amount of Coverage ≥ CoC � Sufficient Profitability, 

 Present Value of Amount of Coverage < CoC � Insufficient Profitability. 
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An insufficiently unprofitable business does not lead directly to a withdrawal of capi-
tal. The level of target achievement has to be considered, too. 

3.1.4 Risk-based Performance Measurement – Calculat ion Example 

The following section deals with a profitability analysis for general liability insurance 
and partially comprehensive insurance. The analysis for both segments is calcu-
lated with the traditional and the modified perception in the same way. Due to the 
fact that the general liability and the partially comprehensive insurance are different 
in their cash flow, the impact of the claims payment duration will be clear. Both ex-
amples are based on the following input data: 

 

Premium 1,000.0  

Expense Rate 25.0%  

Combined Ratio 105.0%  

Market Interest Rate 4.0%  

 

The first segment which is going to be calculated is the general liability. The results 
are compared afterwards with partially comprehensive insurance. 

 

General Liability  

The general liability insurance segment is characterized by a long claims payment 
duration caused by two different facts: 

 

• The probability of late claims is very high and 

• the claim settlement often takes a lot of time.   

 

The table below illustrates the traditional view on the segment based on nominal 
values. There is a premium income of 1,000 and costs of 250 in the first period. 
Further on, there is an expenditure of 800 in the fourth period because of the claims 
payments. There is an overall negative technical result of -50. 
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Period CF in % Average
Duration Premium Costs Result

Incurred Future
1 0.0% 0.5 1,000.0 250.0 0.0 750.0
2 0.0% 1.5 0.0 0.0 0.0 0.0
3 0.0% 2.5 0.0 0.0 0.0 0.0
4 100.0% 3.5 0.0 0.0 800.0 -800.0
5 0.0% 4.5 0.0 0.0 0.0 0.0

Total 100.0% 3.5 1,000.0 250.0 0.0 800.0 -50.0

Nominal Values
Claims 

 
Figure 41: Nominal Cash Flow for General Liability with CR = 105.0% 

 
If one just looks at the underwriting result, the business does not seem to be profit-
able. The question is whether it will be profitable under a modified view. Such a 
view considers the different payment dates by using different discount factors, see 
the next figure. 

 

 

Figure 42: Nominal Claims Cash Flow – Illustration 

 

Assuming that the claims payment occurs in average in the middle of a period, then 
– given a risk-free rate r – the payment in the period t is discounted with a discount   
D(r, t) defined as follows: 

 
D(r, t) = 1/ (1 + r)t-0.5 

 
The table below shows the calculation of the discounted premium, claim settle-
ments and capital costs in order to find the present value of the amount of cover-
age.  
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Period Accumul. Discount
Premium Costs Result

4.00% Incurred Future
1 98.06% 980.6 245.1 0.0 735.4
2 94.29% 0.0 0.0 0.0 0.0
3 90.66% 0.0 0.0 0.0 0.0
4 87.17% 0.0 0.0 697.4 -697.4
5 83.82% 0.0 0.0 0.0 0.0

Total 980.6 245.1 0.0 697.4 38.0

Discounted Values 
Middle of the Period Claims 

 
Figure 43: Discounted Cash Flow for General Liabili ty with CR = 105.0% 

 
By using the modified perception a positive liquid result is obtained at the end of the 
fifth period, because the discounted cash flow is taken into account. That means 
that the liquid result at the end of period one is: 

 

 750 / (1+ 0.04)0.5  = 735.4.   

 

This results from the assumption that the insurer earns a risk-free income on as-
sets. Therefore the liquid result of 750 is discounted with the discount-factor as can 
be seen below. The same is applied to the claims payments in period 3.5: 

 

 800 / (1+ 0.04)3.5  = 694.4.   

 

Consequently, after discount a positive liquid result of 38.0 is obtained. Therefore 
the segment is profitable even if the underwriting result is negative.   

That leads to the question of whether the business is profitable enough. In order to 
find an answer, it is necessary to work with a required capital model, e.g. the S&P-
Model where the premium at begin and the reserve at the beginning of a period are 
the base for the allocation of capital .   

 

Period Accumul. Discount
Premium Reserve

4.00% Single Accum.
1 98.06% 1,000.0 0.0 0.0 0.0
2 94.29% 0.0 0.0 0.0 800.0
3 90.66% 0.0 0.0 0.0 800.0
4 87.17% 0.0 800.0 800.0 800.0
5 83.82% 0.0 0.0 800.0 0.0

Total  800.0   

Base for Capital Allocation
Middle of the Period Claims 

 
Figure 44: Base for Capital Allocation for General Liability with CR = 105.0% 
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In this example, a S&P-capital-allocation-model with the following input data is 
used: 

 
S&P Company Level 125.0%  

S&P Premium Rate 27.0%  

S&P Reserving Rate 10.0%  

Extra Dividend  Rate 6.0%  

 
The allocation of capital demonstrates the risk-related capital demand for different 
lines of business. The amount of allocated capital depends on the considered seg-
ment and on the company’s target rating. The chosen multiplier of 125% is used for 
companies with a strong BBB-rating as target rating. Cost of Capital of 6% is re-
quired to compensate the risk bearing, analog to the Swiss solvency model.  

 
Period

Premium Claims Reserve Prem. Fact. Res. Fact. Total Ent. Fact.
27.0% 10.0% 125.0%

1 1,000.0 0.0 270.0 0.0 270.0 337.5
2 0.0 0.0 800.0 0.0 80.0 80.0 100.0
3 0.0 0.0 800.0 0.0 80.0 80.0 100.0
4 0.0 800.0 800.0 0.0 80.0 80.0 100.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 800.0

Base for Capital Allocation Capital Allocation due t o S&P

 
Figure 45: S&P Allocation of Capital for General Li ability with CR = 105.0% 

 

The next step is to calculate the cost of capital. Costs of capital on the required 
capital provided are required at the end of a period. The CoC is obtained by multi-
plying the required capital at the beginning of a period with 6%. The discounted ex-
tra dividends add up to the Capital Costs in total. 

 

Period Accumul. Discount Required Amount
Capital CoC Rate 6.0% of Cover.

4.00% Nominal Discounted
1 100.00% 337.5 735.4
2 96.15% 100.0 20.3 19.5 0.0
3 92.46% 100.0 6.0 5.5 0.0
4 88.90% 100.0 6.0 5.3 -697.4
5 85.48% 0.0 6.0 5.1 0.0
6 82.19% 0.0 0.0

Total 35.5 38.0

Cost of Capital with
Begin of the Period

 
Figure 46: Required Cost of Capital for General Lia bility with CR = 105.0% 
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The present value of amount of coverage and the sum of the discounted cost of 
capital are now known. They need to be compared in order to discover whether the 
analysed segment is profitable enough. Obviously, the present value of amount of 
coverage is higher than the required cost of capital. Thus, the segment is suffi-
ciently profitable. 

In the next example the segment motor insurance – fire and theft is considered to 
illustrate the impact of a different cash flow structure. 

 

Partially Comprehensive  

In contrast to the liability segment, the main characteristic of the partially compre-
hensive segment is the low probability of late claims and the quick claim settlement. 
Therefore, there is just a short duration in the considered segment. To analyse this 
segment, the same input data as before is considered: 

 

Premium 1,000.0  

Expense Rate 25.0%  

Combined Ratio 105.0%  

Market Interest Rate 4.0%  

 

The nominal view on this segment results in the same negative technical result of -
50 as before. The different cash flow structure does not play any role at this stage. 

 

Period CF in % Average
Duration Premium Costs Result

Incurred Future
1 80.0% 0.5 1,000.0 250.0 640.0 110.0
2 20.0% 1.5 0.0 0.0 160.0 -160.0
3 0.0% 2.5 0.0 0.0 0.0 0.0
4 3.5 0.0 0.0 0.0 0.0
5 0.0% 4.5 0.0 0.0 0.0 0.0

Total 100.0% 0.7 1,000.0 250.0 0.0 800.0 -50.0

Nominal Values
Claims 

 
Figure 47: Nominal Cash Flow for Partially Comprehe nsive with CR = 105.0% 

 
In contrast to the liability segment, 80% of the claims payments are paid in the first 
year and 20% in the second year.  The next table shows the impact on the amount 
of coverage by considering the present values. 
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Period Accumul. Discount
Premium Costs Result

4.00% Incurred Future
1 98.06% 980.6 245.1 627.6 107.9
2 94.29% 0.0 0.0 150.9 -150.9
3 90.66% 0.0 0.0 0.0 0.0
4 87.17% 0.0 0.0 0.0 0.0
5 83.82% 0.0 0.0 0.0 0.0

Total 980.6 245.1 0.0 778.4 -43.0

Discounted Values 
Middle of the Period Claims 

 
Figure 48: Discounted Cash Flow for Partially Compr ehensive with CR = 105.0% 

 
The consideration of the present values has a positive effect on the liquid result. 
However, in contrast to the general liability segment, the effect is not positive 
enough so the result is still negative. Consequently this segment is not profitable 
even under the modified perception. 

The calculation of the present values clarifies that the modified perception only has 
a low impact on segments with a short duration. The cash flow structure determines 
the profitability of a business. 

The next question is how the combined ratio should be changed to ensure sufficient 
profitability. The target combined ratio depends on the capital allocation policy of an 
entity and therefore it is different for different types of insurers. The following pa-
rameters in particular determine the target combined ratio: 

    

• Segment characteristics (like volatility or duration), 

• company’s security level (determining the S&P multiplier), 

• required extra dividend and 

• market interest rate. 

 

The table below indicates that a positive liquid result derives from a combined ratio 
of 99.6% in the partially comprehensive segment.   

 
Period CF in % Average

Duration Premium Costs Result
Incurred Future

1 80.0% 0.5 1,000.0 250.0 596.5 153.5
2 20.0% 1.5 0.0 0.0 149.1 -149.1
3 0.0% 2.5 0.0 0.0 0.0 0.0
4 3.5 0.0 0.0 0.0 0.0
5 0.0% 4.5 0.0 0.0 0.0 0.0

Total 100.0% 0.7 1,000.0 250.0 0.0 745.6 4.4

Nominal Values
Claims 

 
Figure 49: Nominal Cash Flow for Partially Comprehe nsive with CR = 99.6% 
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The smaller combined ratio arises from a reduction of the expected claims pay-
ments (due to a relative increase in premium rates). Because of the lower combined 
ratio the technical result is now positive. The next table illustrates the effect of dis-
counting. 

 
Period Accumul. Discount

Premium Costs Result
4.00% Incurred Future

1 98.06% 980.6 245.1 584.9 150.5
2 94.29% 0.0 0.0 140.6 -140.6
3 90.66% 0.0 0.0 0.0 0.0
4 87.17% 0.0 0.0 0.0 0.0
5 83.82% 0.0 0.0 0.0 0.0

Total 980.6 245.1 0.0 725.5 9.9

Discounted Values 
Middle of the Period Claims 

 
Figure 50: Discounted Cash Flow for Partially Compr ehensive with CR = 99.6% 

 
There is now an amount of coverage of 9.9. It should be checked whether this is 
enough to cover the required costs of capital. As before, this can be controlled by 
using the S&P- capital allocation model. Therefore, in the first instance, the remain-
ing reserve at the beginning of the second period needs to be calculated.  

 
Period Accumul. Discount

Premium Reserve
4.00% Single Accum.

1 98.06% 1,000.0 596.5 596.5 0.0
2 94.29% 0.0 149.1 745.6 149.1
3 90.66% 0.0 0.0 745.6 0.0
4 87.17% 0.0 0.0 745.6 0.0
5 83.82% 0.0 0.0 745.6 0.0

Total  745.6   

Base for Capital Allocation
Middle of the Period Claims 

 
Figure 51: Base for Capital Allocation for Partiall y Comprehensive with CR = 99.6% 

 

The S&P and the CoC model can be used with the same data as before with the 
exception that there are other S&P factors for partially comprehensive. 

 

S&P Company Level 125.0%  

S&P Premium Rate 12.0%  

S&P Reserving Rate 12.0%  

Extra Dividend Rate 6.0%  

 

The next table illustrates the calculation of the allocated capital based on the pre-
mium and reserve factor and the entity factor defining the company’s security level. 
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Period
Premium Claims Reserve Prem. Fact. Res. Fact. Total Ent. Fact.

12.0% 12.0% 125.0%
1 1,000.0 596.5 120.0 0.0 120.0 150.0
2 0.0 149.1 149.1 0.0 17.9 17.9 22.4
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 745.6

Base for Capital Allocation Capital Allocation due t o S&P

 
Figure 52: S&P Allocation of Capital for Partially Comprehensive with CR = 99.6% 

 
Referring to the calculation of the present value of amount of coverage it has to be 
checked whether the required cost of capital is higher or lower than the amount of 
coverage, see the following table. 

 

Period Accumul. Discount Required Amount
Capital CoC Rate 6.0% of Cover.

4.00% Nominal Discounted
1 100.00% 150.0 150.5
2 96.15% 22.4 9.0 8.7 -140.6
3 92.46% 0.0 1.3 1.2 0.0
4 88.90% 0.0 0.0 0.0 0.0
5 85.48% 0.0 0.0 0.0 0.0
6 82.19% 0.0 0.0 0.0

Total 9.9 9.9

Cost of Capital with
Begin of the Period

 
Figure 53: Required Cost of Capital for Partially C omprehensive with CR = 99.6% 

 
It can be seen that the present values of amount of coverage and of costs of capital 
are equal with respect to the chosen combined ratio. Consequently the business is 
profitable and 99.6% is the target combined ratio. 

3.1.5 New Business versus Existing Business – Calcu lation Example 

In order to find out possible miscalculations in a segment and to start suitable coun-
termeasures afterwards, it is important to compare the actual values with the target 
values. 

 

General Liability – New Business  

“A posteriori” it should be checked, if the parameter estimated “a priori” fit with the 
realized values up to the point in time t. The input values – such as average claims 
history or risk-free interest rates – may have evolved differently than predicted be-
fore. If there are negative deviations from the expected result, the insurance com-
pany should perform a detailed analysis, in order to prevent forecast errors in fu-
ture. 
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In case of negative deviations it should distinguished whether underwriting risk or 
capital investment risk is attributable. Misjudgements of the underwriter regarding 
damage and loss experience is part of the underwriting risk and fall to the responsi-
bility of the underwriter, but forecast errors in terms of investment should not be 
attributed to the underwriter. 

The figure below illustrates the “a priori” consideration where all future liabilities are 
only estimated and discounted to the starting point t = 0. 

 

Figure 54: New Business at t = 0 34 

 

The following calculation example illustrates an “a priori“ consideration where only 
estimated values are used. At time t=0, the following data input are given: 

 

Market Interest Rate 4.0% 

Premium 1,000.0 

Cost Ratio 25.0% 

Combined Ratio 97.5% 

S&P Company Level 150.0% 

S&P Premium Rate 27.0% 

S&P Reserve Ratio 10.0% 

Extra Dividend 12.0% 

                                            
34 Heep-Altiner, Maria: Ausgewählte Aspekte der wertorientierten Unternehmenssteuerung in der 
Schadenversicherung; p. 63. 

 

0 
t t+1 

T 

Assessment of Future Liabilities 

Discounting of Future Cash Flow 
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The required extra dividend of 12% and the capital allocation of 150% refer to the 
target values of an industrial insurer, because there are increased requirements 
with respect to the return in contrast to a mutual insurance company. The following 
table illustrates the estimated cash flow situation at the beginning of the considera-
tion time period. 

 
Period CF in % Average

Duration Premium Costs Result
Incurred Future

1 30.0% 0.5 1,000.0 250.0 217.5 532.5
2 25.0% 1.5 181.3 -181.3
3 20.0% 2.5 145.0 -145.0
4 15.0% 3.5 108.8 -108.8
5 10.0% 4.5 72.5 -72.5

Total 100.0% 2.0 1,000.0 250.0 0.0 725.0 25.0

Nominal Values
Claims 

 

Figure 55: Nominal Cash Flow at t=0 
 

In the first step the nominal cash flow is calculated. Independent on the duration of 
the liabilities the total cash balance is 25.0. 

 

Period Accumul. Discount
Premium Costs Result

4.00% Incurred Future
1 98.06% 980.6 245.1 213.3 522.2
2 94.29% 170.9 -170.9
3 90.66% 131.5 -131.5
4 87.17% 94.8 -94.8
5 83.82% 60.8 -60.8

Total 980.6 245.1 0.0 671.2 64.2

Discountend Values 
Middle of the Period Claims 

 

Figure 56: Discounted Cash Flow at t=0 

 
In the second step the discounted cash flow is calculated. In this case (depending 
on the duration of the liabilities) the cash balance will increase up to 64.2. It must be 
checked whether the calculated cash balance is sufficient enough with respect to 
the extra dividend requirements. In the next table the capital allocation according to 
Standard & Poors model is calculated at time t=0.  
 
Period

Premium Claims Reserve Prem. Fact. Res. Fact. Total Ent. Fact.
27.0% 10.0% 150.0%

1 1,000.0 217.5 270.0 270.0 405.0
2 181.3 507.5 50.8 50.8 76.1
3 145.0 326.3 32.6 32.6 48.9
4 108.8 181.3 18.1 18.1 27.2
5 72.5 72.5 7.3 7.3 10.9

Total 725.0

Base for Capital Allocation Capital Allocation due t o S&P

 

Figure 57: Capital Allocation at t=0 
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The required costs of capital are calculated in the following table according to the 
required cost of capital ratio of 12% in order to check the target fulfillment. 

 

Period Accumul. Discount Required Amount Target 
Capital CoC Rate 12.0% of Cover. Fulfillment

4.00% Nominal Discounted in %
1 100.00% 405.0 522.2
2 96.15% 76.1 48.6 46.7 -170.9
3 92.46% 48.9 9.1 8.4 -131.5
4 88.90% 27.2 5.9 5.2 -94.8
5 85.48% 10.9 3.3 2.8 -60.8
6 82.19% 1.3 1.1

Total 64.3 64.2 100.0%

Cost of Capital with
Begin of the Period

 

Figure 58: Target Fulfillment at t=0 

 

The table shows the target fulfillment in the “a priori” consideration at about 100.0%. 

 

General Liability – Existing Business  

“A posteriori” the cash flows CF1, CF2,…, CFt for past liabilities have realized and the 
cash flows CFt+1, CFt+2,…, CFT  for future liabilities have to be estimated according to 
a modified forecast. The past cash flows must be accumulated up to t where the 
future cash flows have to be discounted back to t, see the figure below. 

 

Figure 59: Existing Business at t 35 

 
In the case that the realized and future cash flows are unknown or difficult to esti-
mate, the following approximation scheme can be used: 
 

                                            
35 Heep-Altiner, Maria: Ausgewählte Aspekte der orientierten Unternehmenssteuerung in der Scha-
denversicherung; p. 63. 
 

 
t-1 

 
t+1 

t 0 

Assessment of Future Liabilities Valuation of Past Liabilities 

Accumulation of Past Cash Flow Discounting of Future Cash Flow 
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• The “a priori” estimated cash flow pattern until time t can be calibrated to 
100% and used as cash flow pattern for the incurred liabilities. 

• The “a priori” estimated cash flow pattern starting from time t + 1 can be 
calibrated to 100% and used as cash flow pattern for the future liabilities. 

 
The realized cash flows until time t must be accumulated with the realized risk-free 
interest rates r1, r2,…, rt, and the estimated future cash flows from time t must be dis-
counted with the estimated risk-free interest rates rt+1, rt+2,…, rT. 

In this context, it can be worked approximately with a fixed average interest rate for 
the past and a fixed average interest rate for the future. As an approximation, it is 
also possible to “fix” the capital allocation to the “a priori” allocation. 

In the example considered before, the claims and interest rate experience and es-
timation have developed at time t = 2 in the following way: 

 

Realized Market Interest Rate 3.75% 

Estimated Future Interest Rate 3.50% 

Realized Incurred Claims Payment 400.0 

Estimated Future Claims Payment 350.0 

 

At t=2 the realized market interest rate of 3.75% is different to the initially estimated 
risk-free market interest rate of 4%. The prospective market interest rate is esti-
mated with 3.5%.The expected loss ratio over the total run-off period is estimated 
as 75%. Those developments will have a negative impact on profitability. 

In this example, the cash flow pattern will be approximated in the way previously 
described. The change in claims experience leads to nominal liquid balance of zero. 

 

Period
Premium Costs Result

Incurred Future Incurred Future
1 30.0% 1,000.0 250.0 218.2 531.8
2 25.0% 181.8 -181.8
3 20.0% 155.6 -155.6
4 15.0% 116.7 -116.7
5 10.0% 77.8 -77.8

Total 55.0% 45.0% 1,000.0 250.0 400.0 350.0 0.0

Cash Flow in % Nominal Values
Claims 

 

Figure 60: Nominal Cash Flow at t=2 
 

In a second step the incurred values will be accumulated until t=2 with the realized 
market interest rate of 3.75% as following: 
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• For period 1: (1+0.0375)1.5   = 1.0568, 

• For period 2: (1+0.0375)0.5   = 1.0186. 

 

The estimated future cash flows will be discounted to t = 2 with the estimated future 
risk-free interest rate of 3.50% as follows: 

 

• For period 3: (1 + 0.035)-1/2   = 0.9892, 

• For period 4: (1 + 0.035)-3/2   = 0.9497, 

• For period 5: (1 + 0.035)-5/2   = 0.9176. 

 

Accumulation of incurred past cash flows and discount of estimated future cash 
flows results to an overall discounted cash balance of 41.7. 

 

Period Accumul. Discount
Premium Costs Result

3.75% 3.50% Incurred Future
1 105.68% 1,056.8 264.2 230.6 562.0
2 101.86% 185.2 -185.2
3 98.29% 152.9 -152.9
4 94.97% 110.8 -110.8
5 91.76% 71.4 -71.4

Total 1,056.8 264.2 415.8 335.1 41.7

Discountend Values 
Middle of the Period Claims 

 

Figure 61: Accumulated / Discounted Cash Flow at t= 2 

 

Although the liquid balance after accumulation and discounting is positive, it must 
be checked however, whether the liquid balance is sufficient with regards to the 
required capital costs. The following table illustrates the reserve at the beginning of 
the period, which is needed as a base for the capital allocation.  

 

Period
Premium Claims Reserve Prem. Fact. Res. Fact. Total Ent. Fact.

27.0% 10.0% 150.0%
1 1,000.0 218.2 270.0 270.0 405.0
2 181.8 531.8 53.2 53.2 79.8
3 155.6 350.0 35.0 35.0 52.5
4 116.7 194.4 19.4 19.4 29.2
5 77.8 77.8 7.8 7.8 11.7

Total 750.0

Capital Allocation due to S&PBase for Capital Allocation

 

Figure 62: Capital Allocation at t=2 
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To make a re-examination of the profitability at t=2, the considerations of the previ-
ous steps have to be combined. The target fulfillment is calculated as the accumu-
lated / discounted required extra dividends in relation to the accumulated / dis-
counted cash flow. In the example considered, the target fulfillment at t = 2 equals 
59.1%. 

 

Period Accumul. Discount Required Amount Target 
Capital CoC Rate 12.0% of Cover. Fulfillment

3.75% 3.50% Nominal Discounted in %
1 107.64% 405.0 562.0
2 103.75% 79.8 48.6 50.4 -185.2
3 100.00% 52.5 9.6 9.6 -152.9
4 96.62% 29.2 6.3 6.1 -110.8
5 93.35% 11.7 3.5 3.3 -71.4
6 90.19%  1.4 1.3

Total 70.6 41.7 59.1%

Cost of Capital with
Begin of the Period

 

Figure 63: Target Fulfilment at t=2 

 

The realized market interest rate of 3.75% and the prospective market interest rate 
of 3.5% do not match the predicted value of 4% at the beginning. Furthermore, 
there is an adverse claims development. All those aspects have a negative impact 
on the profitability of the segment. 

 

General Liability – Conclusion  

To manage a segment profitably, it must be checked at different points of time dur-
ing the whole run-off period whether there is sufficient profitability according to the 
requirements which were applied at the beginning. 

A profitability analysis with respect to the traditional view does not provide any 
meaningful result and no efficient segment control. This type of analysis is quite 
simple, but does not match the risk. 

A modified view with the consideration of investment income together with costs of 
capital shows a more realistic and accurate result. 

An “a priori” consideration at t=0 is based on estimated liabilities. An “a posteriori” 
check at t > 0 serves as a control of the incurred values until t and the estimated 
values starting from t. 

The comparison of the incurred values with the initial values helps to find miscalcu-
lations in a segment and enables the start of countermeasures early enough to 
avoid negative developments on the balance sheet. 



  

 

- 85 - 

3.1.6 CoC Requirements and Target Combined Ratios 

There is no unique system to specify CoC requirements or an adequate CoC ratio. 
In the following section, some characteristics for the specification of those require-
ments are discussed: 

 

• CoC ratios are dependent on the risk-free interest rate, the security level and 
other individual factors of the insurance company. 

• CoC ratios are always positive, because they represent the risk premium paid 
to investors. 

• CoC ratios normally decrease in the case of capital increase (due to the usual 
risk / return relations). If there is no risk at all, the CoC ratio must be zero. Low 
risk investors can only expect a low risk premium. 

• There may be different risk / return levels due to different markets. In a market 
with a restricted number of participants (e.g. industrial lines insurer or 
reinsurer) there may be higher risk / return profiles than in a competitive 
market (e.g. private lines insurer). 

• The CoC ratios will increase if the risk-free interest rate increases, because 
higher market rates are responsible for higher CoC requirements. It could be 
the case that the CoC requirements increase disproportionately to the market 
interest rate because a lower market interest rate is faster exceeded than a 
higher rate. 

 

Typical models to specify the CoC requirements can be expressed by the following 
formulae: 

 

ED   = a · e-b · SL, 

ED  = c + d · r 

ED   extra dividend ratio, 
SL   security level, 
a, b, c, d  model parameter and 
r   risk-free interest rate. 

 

In the table below “typical” CoC requirements for different types of insurers are illus-
trated where those insurers represent different markets. Therefore one observes 
that the highest capital requirements (representing the lowest risk) are combined 
with the highest return requirements. At a first sight this seems to be a contradiction 
to the normal risk / return relations.  
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Branch     Private Commercial Reinsurer
Insurer Insurer

Target rating BBB A AA
Entity factor 125.0% 150.0% 175.0%
Security level 99.5% 99.8% 99.9%
CoC Rate 7.50% 11.25% 15.00%  

Figure 64: CoC Requirements at 4% Market Interest 

Having specified CoC models as in the table above, target combined ratios can be 
calculated depending on the chosen parameter. The influence of the CoC require-
ments and the security levels on the target combined ratios will be shown in the 
following tables. 

In all these examples we keep the CoC ratios fixed and do not link them to the risk-
free interest rates. In this case the target combined ratios are highly dependent on 
the risk-free interest rate level. In a later section, it will be analyzed that the target 
combined ratios can be stabilized if the CoC ratios are linked to the risk-free interest 
rates, e.g. in form of a linear equation. 

1 2 3 4
Private insurer 97.9% 98.6% 99.4% 100.0%
Commercial insurer 95.6% 95.8% 96.1% 96.3%
Reinsurer 92.8% 92.4% 92.0% 91.6%

Duration

 

Figure 65: Target Combined Ratios at 2% Market Inte rest 

 

The target combined ratios of the private line and commercial insurer increase 
when the average payment duration increases due to the discounting effect. There-
fore, the insurer can afford a higher claims experience than an insurer with lower 
average claims payment duration. 

However, this effect is not observed for the target combined ratio of the reinsurer 
given an interest rate of 2%. The target combined ratio decreases when the dura-
tion of the claims payment increases. This is due to the high capital provision over a 
long period of time and the consequentially high Cost of Capital requirements. At a 
market rate of 2% this effect cannot be compensated by discounting.  

 

1 2 3 4
Private insurer 98.6% 100.8% 103.1% 105.5%
Commercial insurer 96.3% 98.0% 99.6% 101.3%
Reinsurer 93.5% 94.5% 95.4% 96.3%

Duration

 

Figure 66: Target Combined Ratios at 4% Market Inte rest 
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The table above illustrates the discounting effect at a market interest of 4%. Due to 
the results the following conclusions can be pointed out: 

 

• All companies can afford a higher target combined ratio than in the scenario 
with a market rate of 2% in every case. 

• All insurance companies still need a target combined ratio below 100% at the 
duration of one year. 

• The discounting effect compensates the high capital requirements for the 
reinsurer so that the target combined ratio also increases in the case of a 
higher duration. 

 
It is evident that the CoC requirements and the target combined ratios are mainly 
dependent on the businesses model and the market interest rates (due to the dis-
counting effect). 

3.2 Asset & Underwriting Performance Measurement 
The main focus in the previous section has been on the success of underwriting. 
However insurance products are a combination between underwriting and asset 
management. Therefore the asset management should also be taken into account. 

3.2.1 Asset Performance 

Private investment companies are free to allocate their assets. They optimize their 
assets due to their own risk-taking. In comparison to private investment companies, 
insurance companies are subject to special governmental restrictions, because they 
have technical liabilities from the insured on the liability side of the balance sheet. 
Therefore the insurance company has to ensure that the liabilities can be paid at 
any time. This affords an appropriate asset liability management. 

In order to have a better understanding of the aspects of an asset liability manage-
ment one first starts with the optimization of an asset portfolio according to the 
Markowitz theory. 
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Calculation Example – Risk return Analysis  

An investment company with two assets or asset classes will firstly be examined 
where the following input data are given: 

 

Correl. Volume Value after one year
10% at Begin expected STD

Asset 1 1,000 1,100 100
Asset 2 1,000 1,200 300  

Figure 67: Input Data given two Assets  

 

The optimal allocation of both assets will be evaluated. Therefore, the standard de-
viation and expected return given different allocations will be examined. In order to 
simplify this example, the asset allocation can only be changed within 10% levels. 

First of all, the expected returns of Asset 1 and 2 are examined. The return with a% 
asset 1 and (1 – a)% asset 2 of a portfolio is calculated by the weighted average of 
both returns: 

 

 Ra = a · R1 + (1 – a) · R2 

Ra  return of the mixed portfolio, 

R1  return of 100% asset 1, 

R2  return of 100% asset 2. 

The following calculation shows the expected return of a portfolio consisting of 90% 
of Asset 1 and 10% of Asset 2: 

 

 R90%  = 90% · 10% + 10% · 20% = 11%. 

 

The standard deviation is calculated as the square root of the variance 

 

 VAR (Ra) = (a · σ1)
2 + ((1 – a) · σ2)

2 + 2 · ρ · a · σ1 · (1 – a) · σ2 

 

with σ1, σ2 the standard deviation of the returns of Asset 1 and Asset 2 as well as ρ 
the correlation between both assets. For the chosen example, we obtain the follow-
ing result: 

 

VAR (R90%) = (90% · 100)2 + (10% · 300)2 + 2 ·10% · 90% · 100 · 10% · 300 

  = 9,540. 
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Therefore the standard deviation is calculated as σ90% = 9,5400.5 = 98. The following 
table illustrates the complete risk / return analysis. 

 

Share Expected STD Expected 
Asset 1 Return

100% 1,100 100 100
90% 1,110 98 110
80% 1,120 105 120
70% 1,130 119 130
60% 1,140 139 140
50% 1,150 163 150
40% 1,160 188 160
30% 1,170 215 170
20% 1,180 243 180
10% 1,190 271 190

0% 1,200 300 200  

Figure 68: Risk / Return Analysis given two Assets (1) 

 

The allocation with 100% of Asset 1 is inefficient because the allocation with 90% of 
Asset 1 creates a higher return in combination with a lower standard deviation. 
Therefore, the first allocation is dominated by the second one. This is due to the 
diversification effect.  

Return

0
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100

150

200

250

0 50 100 150 200 250 300
Risk

 

Figure 69: Risk / Return Profile given two Assets 
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Obviously the combination with 90% of Asset 1 generates a minimal risk (ex-
pressed in terms of the standard deviation). The figure above shows a typical 
Markowitz allocation with the efficient boarder and one inefficient combination. Only 
the allocations on the border are efficient. 

 

Calculation Example  - Preference-Systems  

There are a lot of different efficient portfolios. However, which allocation should a 
company choose? The chosen portfolio should fit with the individual company pref-
erences. A proper allocation can be determined by using preference functions. Two 
classic preference functions (in the context of value based management), which 
were introduced in the first chapter, will be determined after one year and will be 
used to find out the best solution: 

 

RORAC  = Expected Value / Required Capital  
 ≈ E / (tα· STD),    

EVA  = Expected Value – Capital Costs  
 ≈ E – k ·tα·STD 

 

with α the risk level and E the expected value. In the following, a private lines in-
surer will be examined by using these two preference systems. This insurer invests 
in the two asset classes as before and concentrates only on risk life insurance. In 
this case, there is a (relatively) safe outflow of liabilities with the amount of 1,100 
and a standard deviation near to zero. We also assume a cost of capital ratio of 
7.5% and a BBB- rating (conforming to the Solvency II – Security Level of 99.5%).  

 

Share STD
Asset 1 Assets Liabilities Result

100% 1,100 1,100 0 100
90% 1,110 1,100 10 98
80% 1,120 1,100 20 105
70% 1,130 1,100 30 119
60% 1,140 1,100 40 139
50% 1,150 1,100 50 163
40% 1,160 1,100 60 188
30% 1,170 1,100 70 215
20% 1,180 1,100 80 243
10% 1,190 1,100 90 271
0% 1,200 1,100 100 300

Expected Value 

 

Figure 70: Risk / Return Analysis given two Assets (2) 
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In this case, the risk return profile is quite similar to the risk return profile of the in-
vestment company only investing in two assets with the difference that all expected 
cumulated values are reduced by 1,100, where, with respect to the combination of 
0%  Asset 1 and 100% Asset 2, we obtain the following results: 

 

 RC  = 2.58 · 300    =     773 

 RORAC  = 100 / 773    = 12.9%, 

 EVA  = 100 – 7.5% · 773   =      42 

 

In the following table, all RORAC and EVA combinations are listed in such a way 
that an optimal value can be derived. 

 

Share STD RC RORAC EVA 
Asset 1 99.50% 7.50%

100% 100 258 0.0% -19
90% 98 252 4.0% -9
80% 105 270 7.4% 0
70% 119 308 9.8% 7
60% 139 359 11.1% 13
50% 163 419 11.9% 19
40% 188 485 12.4% 24
30% 215 554 12.6% 28
20% 243 625 12.8% 33
10% 271 699 12.9% 38
0% 300 773 12.9% 42  

Figure 71: Capital Allocations – Private Line Insur er 

 

Although different methods were used, the same optimal results can be observed in 
this calculation example. According to RORAC, the allocation with 0% of Asset 1 
and 100% of Asset 2 is the most profitable with 12.9% extra dividend. The maxi-
mum EVA is also observed given 100% Asset 2. 

RORAC as well as EVA provide preference systems in order to find an optimal de-
cision among all efficient portfolios. 

3.2.2 Asset & Underwriting Performance 

Looking at a private line insurer with two Assets and two lines of business (LoB) in 
this section, the following input situation can be assumed:  
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Correl.
10% expected STD

Asset 1 1,100 100
Asset 2 1,200 300

after one year

   

Correl.
10% expected STD

LoB 1 1,075 100
LoB 2 975 300

after one year

 

Figure 72: Input Data given two Assets and two LoB 

 

A correlation of 10% is given between the assets as well as between the liabilities, 
excluding a correlation between assets and liabilities. 

Because of four variables, there are many different possible combinations. Due to 
this fact, we will only take into account allocations with 50% steps. In the following 
table the expected values and standard deviations are listed but only for 0% 50% 
and 100% combinations: 

 

Exp.
Asset 1 LoB 1 Assets Liab. Total Result

100% 100% 100 100 141 25
50% 100% 163 100 191 75

0% 100% 300 100 316 125
100% 50% 100 163 191 75

50% 50% 163 163 230 125
0% 50% 300 163 341 175

100% 0% 100 300 316 125
50% 0% 163 300 341 175

0% 0% 300 300 424 225

Share STD

 

Figure 73: Risk / Return Analysis given two Assets and two LoB 

 

Given a y% share of asset 1 and a x% share of liability 1 we obtain the following 
formulas: 

 

 E  = (y · 1,100 + (1 – y) · 1,200) – (x · 1,075 + (1 – x) · 975), 

 VAR(A) = (y · 100)2 + ((1 – y) · 300)2 + 2 · 10% · y · 100 · (1 – y) · 300 

VAR(L) = (x · 100)2 + ((1 – x) · 300)2 + 2 · 10% · x · 100 · (1 – x) · 300 

VAR  = VAR(A) + VAR(L) 

 

Given a combination with 50% of Asset 1 and 50% of LoB 1 we obtain the following 
results: 
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E  = (50% · 1,100 + 50% · 1,200) – (50% · 1,075 + 50% · 975)  
   =125 

STD  = (1632 + 1632)0.5 = 230 

 

Please notice that the standard deviation of 163 given a combination of 50% Asset 
1 has been calculated before. (The same calculation applies to the standard devia-
tion given a combination of 50% LoB 1.) 

 

Calculation Example – Private Line Insurer  

In the following section, different business models will be checked with respect to 
the given input data – a private line insurer and a reinsurer. The results for the pri-
vate line insurer are listed below with respect to all combinations of 0%, 50 % and 
100 % of Asset 1 or LoB 1. 

 

Exp. RC RORAC EVA
Asset 1 LoB 1 Result 99.50% 7.50%

100% 100% 25 364 6.9% -2
50% 100% 75 492 15.2% 38

0% 100% 125 815 15.3% 64
100% 50% 75 492 15.2% 38

50% 50% 125 593 21.1% 81
0% 50% 175 879 19.9% 109

100% 0% 125 815 15.3% 64
50% 0% 175 879 19.9% 109

0% 0% 225 1,093 20.6% 143

Share

 

Figure 74: RoRAC and EVA Optimum – Private Line Ins urer  

 
The RoRAC optimum is achieved in “the middle” given a combination of 50% Asset 
1 and 50% LoB 1 where the EVA optimum is achieved at “the boundary” given 0% 
Asset 1 and 0% LoB 1. This is a quite extreme combination with a high capital re-
quirement and it is not clear, if such a high capital amount is available. 

In total, the situation is much more complex and less transparent than in the case of 
two assets. One the one hand it is still possible to exclude inefficient allocations but 
on the other hand an efficiency curve cannot be easily identified. 

Looking at the risk return profiles of the combinations previously analyzed,   “visu-
ally” efficient combinations can be identified, but there are still a lot of inefficient 
combinations. In the figure below all combinations of 0%, 25%, 50%, 75% and 
100% Asset 1 or LoB 1 are listed. 
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Exp. RC RORAC EVA
Asset 1 LoB 1 Result 99.90% 15.00%

100% 100% 25 437 5.7% -41
50% 100% 75 590 12.7% -14

0% 100% 125 977 12.8% -22
100% 50% 75 590 12.7% -14

50% 50% 125 711 17.6% 18
0% 50% 175 1,055 16.6% 17

100% 0% 125 977 12.8% -22
50% 0% 175 1,055 16.6% 17

0% 0% 225 1,311 17.2% 28

Share
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200
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0 100 200 300 400 500

Risk

Return

 

Figure 75: Risk / Return Profile given two Assets a nd two LoB 

In the next calculation example the RoRAC and EVA optima for a reinsurer with 
different CoC parameter is analyzed. 

 

Calculation Example - Reinsurer  

The results for the reinsurer are listed in the table below. As previously stated, only 
combinations with 0%, 50% and 100% of Asset 1 or LoB 1are shown in the figure. 
The RORAC optimum is achieved for a combination with 50% Asset 1 and a 50% 
LoB 1. The EVA optimum is achieved for the “extreme” combination with 0% Asset 
1 and 0% LoB 1. The optimal combinations are the same as before whereas the 
optimal values are different. 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 76: RoRAC and EVA Optimum – Reinsurer 
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A portfolio with two risky branches and two risky asset classes creates a different 
return structure than a portfolio with two risky assets and one more or less risk-free 
liability. The situation in the second case reflects the classical Markowitz approach 
whereas the (more complex) situation in the first case is more realistic. 

 

Calculation Example - Conclusion  

The capital cost rate is predefined by the management. But there is an uncertainty 
about the achievability of this goal. The decisive factor is the market, which can be 
hardly influenced by the insurer. In order to achieve a specified target, the insurer 
would have to increase the premium or the capital market returns. But the insurer 
has to focus on the market prices and the competitors in order to be competitive. 
Nevertheless, a relatively low capital cost rate would be unattractive for potential 
investors. As a consequence, companies are forced to set almost unachievable 
goals. 

Let’s have a look at the previously examined reinsurer with a security level of 99.9% 
and a capital cost rate of 15%. It is questionable whether this capital cost rate is 
appropriate. At this security level the insurer expects one default within 1,000 years. 
If you compare that fact with the relativity high capital cost rate the proportionality 
between risk and return is doubtful. 

The rate of return defined by the management is often outside the efficiency curve. 
There are two possible measures to “produce” achievable combinations: Firstly, the 
insurer can reduce the aimed extra dividend. However, the insurer is in a competi-
tive situation and investors could be dissatisfied with the return on investment. 
Therefore, it is not so easy to reduce the rate of return. Secondly, they could take 
more risks, but then the targeted security level would not be reached. 

By using the EVA method some questions occur. Is it reasonable to define a nega-
tive EVA value as a destruction of capital? In order to specify this issue one could 
look at the figure above. An extra dividend of 12.8% (additionally to the risk-free 
return) with negative EVA is observed. The RORAC produced is quite high, so the 
interpretation as capital destruction seems to be doubtful. 

3.2.3 Asset & Underwriting Performance – Separate T reatment 

In the previous section it was demonstrated how the simultaneous optimization of 
underwriting and capital investment can be managed in an insurance company. 
Due to the fact that insurance is a co-product, you can virtually split an insurance 
company into two parts: Underwriting and asset management. Regarding the asset 
management, the following assets are assumed in the following: 
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Return Accum. CV Absolute
Asset 1 4.0% 1,040 0.0% 0
Asset 2 10.0% 1,100 30.0% 330

Expected Std. Deviation

 

Figure 77: Input Data – Available Asset Portfolio 

 
It is obvious that Asset 1 represents a risk-free asset. Therefore no capital is 
needed to secure this asset. In contrast to this, Asset 2 is a risky asset which de-
mands capital to secure the asset. With this in mind, two strategies will be checked: 

In the first case, the insurer only invests in the risk-free asset (Strategy 1 ). Alterna-
tively, the insurance company invests also in the risky asset (Strategy 2 ). Compar-
ing those two strategies enables a proper steering of the portfolio according to un-
derwriting and investment impact on the risk. These strategies will be discussed on 
the basis of the following questions: 

 
• What is the required capital of both strategies at a default level of 0.2 %? 
• Which strategy provides a higher return on Risk Adjusted Capital? 
• Which strategy is the best? 

Taking into account a risk-free investment of the required capital at the beginning of 
the period as well as the expected result due to investment and underwriting, we 
obtain the following relationships for both strategies: 

  

RC   = (t · STD – (E(A) – E(L)) / (1 + r)   

STD   the overall standard deviation, 
E(A)   the expected value of the assets at the end of year, 
E(L)   the expected value of the liabilities at the end of the year and 
r   the risk-free interest rate. 
 

These relationships are derived from the distribution of the capital at the end of the 
period under an assumption of normally distributed assets and liabilities. 
 
Calculation Example – Strategy 1 with risk-free Ass ets  

As previously stated, the insurance company invests solely in a risk-free asset, for 
example a government bond with a default risk of almost zero. We assume that the 
total premium income is at the beginning of the year. Furthermore all cost expendi-
ture is at the end of the year. As a result of this assumption, the premium income 
can be fully invested over a period of one year. (This assumption can be achieved 
in any case by consideration of suitable present values.) 
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CV Absolute
Asset 1 100.0% 4.0% 1,040 0.0% 0
Asset 2 0.0% 10.0% 0 30.0% 0
LoB 1 100.0% 98.5% 985 15.0% 148
Total 55 148

Expected Std. Deviation

 

Figure 78: Input Data – Strategy 1 

 

For Asset 2 and the line of business, a normal distribution is assumed. Moreover 
there is no correlation between assets and liabilities. The required capital is calcu-
lated according to the previously specified formula  where for a security level of 
99.8 % the factor t equals to 2.88 so that 

 

RC   = (2.88 · 148 – 55) / 1.04  = 357 

RORAC = (E(A) – E(L)) / RC  = 55 / 357   = 15.4% 

Total Return = r + RORAC  = 4.0% + 15.4%  = 19.4% 

  

The insurance company needs a required capital of 357 based on a default risk of 
0.2 %. An average total RoRAC of 19.4% is achieved. 

 

Calculation Example – Strategy 2 with risky Assets  

In this case the insurance company invests 65% in the risk-free asset and 35% is 
invested in the risky asset class. The data needed for the following calculations are 
listed in the table below. 

 

CV Absolute
Asset 1 65.0% 4.0% 676 0.0% 0
Asset 2 35.0% 10.0% 385 30.0% 116
LoB 1 100.0% 99.0% 990 15.0% 149
Total 71 188

Expected Std. Deviation

 

Figure 79: Input Data – Strategy 2 

 

For completeness it should be noted that in strategy 2 there is also no correlation 
between capital investment and the line of business. Due to the risky asset, the 
company has to provide more capital. Furthermore, the additional costs for the 
complex asset management are reflected in the combined ratio, which is 0.5 per-
centage points higher than for strategy 1. 
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Based on those results it is possible to calculate the required capital and the return 
on investment. Concerning the previously mentioned formula, we can calculate with 
respect to the 99.8% security-level as follows: 

 

 RC  = (2.88 · 188 – 71) / 1.04  =  452 

 RORAC  = 71 / 452    = 15.7 % 

 Total Return  = 15.7 % + 4.0 %   = 19.7 

 

If the results of the different strategies are compared, the following differences can 
be observed. Following strategy 1, the company has to provide capital of 357 and 
achieves a total RoRAC of 19.4%. Under strategy 2, a higher  capital of 452 must 
be provided because of the risky assets. This is rewarded with a marginally better 
return on investment of 19.7%. Does this result imply that strategy 2 is better than 
strategy 1? In the following section it will be verified whether the results stay valid 
when the parameters are changed. 

 

Calculation Example – Impact of Parameter Change  

To analyze the impact of parameter change, the principal scenarios for both strate-
gies are maintained, but the following parameters are changed: 

 

• Reduction of the risk-free interest rate. 

• Increase of the Combined Ratio. 

• Reduction of the expected return of asset 2. 

• Increase of the standard deviation of asset 2 

• Increase of the standard deviation of the LoB. 

 

Due to those changes, both strategies must be analyzed with respect to total Ro-
RAC and the default risk. The following table shows the impact of the parameter 
changes (with unchanged capital at start): 
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Parameter RoRAC Ruin 
Old New Prob.

Risk Free Interest Rate 4.0% 3.0% 15.6% 0.26%
Combinded Ratio 98.5% 99.5% 16.6% 0.26%
Expected Return Asset 2 1,100 1,075 19.4% 0.20%
Std. Deviation of Asset 2 330 550 19.4% 0.20%
Std. Deviation of Branch 15.0% 20.0% 19.4% 1.52%

Value

 
Figure 80: Impact of Parameter Changes (1) 

 
Due to the fact that strategy 1 invests only in risk-free assets, there is no impact on 
the RoRAC and the default risk when  the expected return decreases and the stan-
dard deviation increases with respect to asset 2. Relative to this scenario, only the 
increase of the LoB volatility produces crucial results. 

In the following table the impacts of the parameter changes are illustrated for the 
second strategy: 
 

Parameter RoRac Ruin 
Old New Prob.

Risk Free Interest Rate 4.0% 3.0% 17.3% 0.24%
Combinded Ratio 99.0% 100.0% 17.5% 0.25%
Expected Return Asset 2 1,100 1,075 17.8% 0.30%
Std. Deviation of Asset 2 330 550 19.7% 1.30%
Std. Deviation of Branch 15.0% 20.0% 19.7% 0.91%

Value

 

Figure 81: Impact of Parameter Changes (2) 

 

Strategy 2 is highly affected by the risky asset, in such a way that any increase of 
the standard deviation produces another crucial impact in this case. 

Before the consideration of parameter changes, strategy 2 seemed to provide a 
(slightly) better performance than strategy 1. After the consideration of parameter 
changes strategy 2 seems to be more volatile and to produce more crucial situa-
tions with respect to the solvency requirements. 

 

Asset & Underwriting Performance – Separate Treatme nt of Performance  

Investment exclusively in risk-free assets is not in any case satisfactory for insur-
ance companies and their ambitious return targets. Due to this fact, a company 
must sometimes invest in risky asset to increase the profitability due to synergy ef-
fects. In such a case, it is important to differentiate between the performance of the 
underwriting and of the asset management. In the following it will be discussed how 
underwriting and asset management contribute to an overall performance, see the 
following table. 
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Required Return Income RC Return
Capital

Underwriting 357.0 19.4% 69.3 254.4 27.2%
Asset Management 277.2 7.1% 19.8 197.6 10.0%
Total 452.0 19.4% 89.1 452.0 19.7%

after Synergy

 

Figure 82: Separate Assessment of Performance (1) 

 

The additional income created by asset management is obtained from the differ-
ence of income between strategy 1 and strategy 2. Because there is no correlation 
between assets and liabilities in the example, the required capital for the asset 
management will be allocated due to the covariance principle as follows: 

 

 RC2  = RCA
2 + RCUW

2. 

 RCA
2  = (4522 – 3572)0.5  = 277.2 

 RORAC = 19.8 / 277.2  = 7.14 % 

 

Due to synergy, the total capital requirements are less than the sum of the capital 
requirements of underwriting and asset management. The resulting synergy effect 
can be allocated to the different segments as illustrated in the following table:  

 

Required Return Income RC Return
Capital

Underwriting 357.0 19.4% 69.3 254.4 27.2%
Asset Management 277.2 7.1% 19.8 197.6 10.0%
Total 452.0 19.4% 89.1 452.0 19.7%

after Synergy

 
 

Figure 83: Separate Assessment of Performance (2) 

 

If a company allocates the synergy effects, then this results in reduced targets for 
the underwriting and the asset management. This may enforce the competitive 
strength of the company. On the other hand, it must be pointed out that even with a 
restricted performance of the asset management, investing in risky assets may en-
able the production of a higher overall return. This happens because of the synergy 
effect. 

3.3 Asset & Underwriting Performance Optimization 
The traditional assessment of performances in non-life insurance is effected by the 
combined loss and expense ratio. Via internal models, it is possible to achieve suit-



  

 

- 101 - 

able aims, so that one generates an adequate return on risk adjusted capital includ-
ing the returns of free liquidity. 

The statements in the following section represent an extract from the paper “Per-
formance Optimization in Non-Life Insurance” from February 2011 published by the 
Institute for Insurance Studies, Cologne University of Applied Sciences.36 

3.3.1 Preliminary Remarks 

Sometimes, it is not possible to achieve a required target without restrictions. In 
some cases, the insurance market does not provide the needed premium level with 
regards to a specified target. Therefore, one has to check the possibilities of finding 
a convenient business strategy with respect to the risk return profile. 

With the help of internal models, different business strategies can be checked and 
compared with each other with respect to the risk return profile, see the figure be-
low. 

 

 

Figure 84: Risk / Return Profile given Different Bu siness Strategies 

 

This design of the risk-return-profile in the figure above is based upon the classic 
approach of Markowitz, which has been a standard approach describing the com-
position of asset-portfolios for a long time. Applying this approach, the risk is nor-
mally defined by the standard deviation. It is obvious that this simple illustration 

                                            
36Heep-Altiner,2011, Performanceoptimierung des (Brutto) Neugeschäfts in der Schadenversiche-
rung. 
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shows that strategy 1 is inefficient in comparison to strategy 2, because strategy 2 
takes less risk and gets more return. Between the strategies 2, 3 and 4, it cannot be 
decided which one is the best. For this purpose a risk preference structure is re-
quired. An investor who is adverse to risk would choose strategy 2, whereas an in-
vestor willing to take risk would decide on strategy 3 or 4. 

The correct quantification of a risk-preference-structure is normally not as simple as 
it may seem. But in the context of value-based management there are some “natu-
ral” preference systems, as follows: 

 

• There are (legal) minimum conditions for the exposure of risks, e.g. according 
to solvency or rating. 

• A value-based management is based on determined risk-return key 
performance indicators (KPI), e.g. RORAC (=”Return on Risk Adjusted 
Capital”) or EVA (=”Economic Value Added”). 

 

An internal model establishes a KPI based on risk and return for every strategy, 
which has to fulfil the legal minimum conditions. 

An internal model for non-life insurance generally calculates the economic capital 
after a 1-year-period with the aid of Monte Carlo Simulations in order to model the 
diversity of stochastically interactions. Without a closed formula, it is not possible to 
apply classic techniques of optimization. In the context of internal models, optimiza-
tion implies that predefined combinations are simulated and compared with each 
other. That identifies better business strategies but it may not be the best solution. 
Thus, one should try to find better “initial values” for the testing of alternative busi-
ness strategies with the aid of simpler algorithms. 

The following describes an optimization algorithm with respect to a strategy for 
(gross) new business by a simplified closed formula approach where: 

 

• the underwriting is divided in different lines of business and 

• the assets are divided in different asset classes. 

 

Generally, due to the simplicity of this approach it is not always suitable for the op-
timization of net new business strategies. In this case an application may be useful, 
if there is a quota reinsurance or if only net numbers are taken into account. The 
simplified approach consists of the following assumptions: 
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1. With respect to the new business premium, the shares y0 + y1 + … + ym = 1 
correspond to the lines of business L0, L1, …, Lm with expected combined 
ratios E[Lj] = cj. Concerning the business line L0 the index may be dropped to 
keep the formulas simple. 
 

2. The new business premium is invested in the asset-classes A0, A1, …, An 
with the shares x0 + x1 + … + xn = 1 and expected cumulated returns E[Ai] = 
ri. Concerning the asset class A0 the index may be dropped to keep the 
formulas simple. 

 

3. The new business will be secured by the capital EKα according to the 
security level α (e.g. the level appropriate to solvency requirements) which is 
invested risk-free with an riskless interest rate rf, so that for the stochastic 
capital at the end of the period the following relation holds: 

 
EK1,α(ω) = EKα · (1 + rf) + P&L(ω). 

 

4. At least the whole P&L is assumed to be approximately normally distributed, 
such that 
 
EKα = (tα · S - E) / (1 + rf) 
 
with E = E[P&L] the expected value and S = STD[P&L] the standard devia-
tion.     

 

It is assumed that all premium income is contained at the beginning of the year and 
all claims and costs are expended at the end of the year. Also, the premium is fully 
invested over a period of one year. This assumption can be achieved by a suitable 
consideration of present values. 

The assumptions in (1) and (2) do not take into account legal or intra-company re-
strictions of the amount of several lines of business or asset-allocations. The 
model-approach can be modified - but that is not the focus at this stage. 

The assumptions in (3) and (4) simplify the model approach and enable closed for-
mulas. Because of legal regulations in non-life insurance about the amount of risky 
asset categories the constraint (3) constitutes no restriction. With a good diversified 
portfolio assumption (4) should be achievable. 

During the following model approach, tax treatment is not taken into account as-
suming a proportional taxation. If there are significant differences in the fiscal treat-
ment, the fiscal approaches should be implemented in the parameter. Furthermore, 
it is possible to have a pure net consideration (unless an optimization of the rein-
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surance structure should be achieved) or reinsurance may be treated as a highly 
correlated asset (unless it can be treated approximately as a quota reinsurance). 

If σi is the volatility of the asset category i and τj is supposed to be the volatility of 
the combined ratio from the line of business j, the following correlations hold: 

 

E =  ∑ xi · ri  – ∑ yj · cj 

S = (∑ xi
2 ·σi

2 + ∑ yj
2 ·τj

2 + 2 · ∑ correlations)1/2 

 

Both formulas describe a generalization of the classic Markowitz approach. After 
defining rj* = (-cj), the first equation changes to: 
 

E = ∑ xi · ri  + ∑ yj · rj*. 
 
This is equivalent to a Markowitz approach where a given business volume is in-
vested in one group of asset classes and another business volume is invested in a 
second group of asset classes. 

In the following section, a simplified model approach with uncorrelated assets and 
liabilities is studied. In this case, the general solution can be described explicitly, so 
that the most important facts of the solution can be discussed. The general ap-
proach will be sketched out afterwards. 

3.3.2 Model Approach – Uncorrelated Risks 

As already explained, it is possible to eliminate inefficient portfolios immediately 
according to the criteria of efficiency. To decide between two efficient portfolios (to 
choose one optimal portfolio) a risk-preference-structure is needed. In the context 
of value-based management two preference-functions exis. On the one hand, the 
RORAC (=”Return on Risk Adjusted Capital”) and on the other hand, the EVA 
(=”Economic Value Added”). In the simplified model approach, those are defined as 
follows: 

 
RORAC = rf + E / EKα = rf + (1 + rf) · E / (tα · S – E) 

=: rf + a · E / (tα · S – E) 

 

EVA = E –  (p – rf) · EKα 

= E –  (p – rf) · (tα · S - E) / (1 + r f) 

= ((1 + p) / (1 + rf)) · (E –  ((p – rf) / (1 + p)) · tα · S) 

=: b · (E – c · S) 
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The parameter p declares the individual target return ratio of the company. With 
respect to these two preference-functions, the following criteria for an optimal solu-
tion is obtained: 

 

∂/∂(*) RORAC =  a · (∂/∂(*) E · S - E · ∂/∂(*) S) / (tα · S – E)2    = 0 

∂/∂(*) EVA =  b · (∂/∂(*) E – c · ∂/∂(*) S)                              = 0 

 

This implies the following necessary conditions for an optimum: 

 

∂/∂(*)E / ∂/∂(*) S = E / S       for the RORAC if (tα · S – E)2  ≠ 0, 

∂/∂(*)E = c · ∂/∂(*)S        for the EVA. 

 

A RORAC optimum is solely dependent on the risk return profile of the asset and 
liability classes. In addition to that, an EVA optimum is also dependent on a cost of 
capital parameter c, which is determined by the individual company policy. If the 
condition (tα · S – E)2  ≠ 0 holds, then the second derivatives will be as follows: 

 

∂2/∂(*)∂(**) RORAC = -a · E · ∂2/∂(*)∂(**) S / (tα · S – E)2, 

∂2/∂(*)∂(**) EVA = -b · c · ∂2/∂(*)∂(**) S, 

 
with a and b positive constants depending on the security level and the cost of capi-
tal parameter. Considering the Hessian matrix H = (… ∂2/∂(*)∂(**) S …), any exist-
ing solution is 
 

• always a maximum with respect to EVA and 
• a maximum (minimum) with respect to RORAC, if the expected return E is 

higher (less) than zero. 
 
In a subsequent section, some examples for those solutions will be discussed. In 
the next section, the treatment of the general case will be outlined. 

3.3.3 Model Approach – General Case 

So far, we have assumed that all assets and all liabilities were uncorrelated to each 
other. In the general model approach, we consider assets and liabilities, which are 
correlated to each other due to a (symmetric) correlation matrix C and check the 
solutions in such cases. 
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ρ00 … ρ0n φ00 … φ0m

… ρik … … φil …

ρn0 … ρnn φn0 … φnm

φ00 … φ0n ψ00 … ψ0m

… φjk … … ψjl …

φm0 … φmn ψm0 … ψmm  

Figure 85: Correlation Matrix 37 

We can trace the general case to the already considered cases by decomposing 
the symmetric correlation matrix C to C = MT · D · M (Cholesky decomposition) with 
M an upper triangular matrix and D a diagonal matrix.  

 

0 0 0 0 0

0 0 0 0 0

= x 0 0 0 0 0 x

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0  

Figure 86: Cholesky Decomposition of the Correlatio n Matrix 38 

All variables will be uncorrelated when we transform all assets and liabilities accord-
ing to the Cholesky decomposition. The transformed combined ratios can be inter-
preted as combined ratios for a linear combination of the liabilities, but the trans-
formed returns are mixed terms now. 
 
Concerning the general case, we will concentrate on the solutions with respect to 
the RORAC, because the solutions with respect to the EVA are quite complex. In 
many cases such a solution does not exist. 

Regarding the RORAC optimization in the general case, the following formulas are 
obtained concerning the partial derivatives of S by xi or yj: 

 

∂S/∂xi  = (∑(ρik · σi – ρ0k · σ) · xk · σk +  (∑(φil · σi – φ0l · σ) · yl · τl) / S =: Xi*/ S      

∂S/∂yj  = (∑(φjk · τj – φ0k ·  τ) · xk · σk +  (∑(ψjl · τj – ψ0l · τ) · yl · τl) / S =: Yj*/ S 

                                            
37Heep-Altiner, 2011, Performanceoptimierung des (Brutto) Neugeschäfts in der Schadenversiche-
rung, p. 9. 
38Heep-Altiner, 2011, Performanceoptimierung des (Brutto) Neugeschäfts in der Schadenversiche-
rung, p 10. 
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The formulas in the uncorrelated case are simplified versions of the general formu-
las. In the general case, we obtain for all i, j, k, l > 0 

 

Xi*/∆ri   =  Xk*/∆rk  = –Yj*/∆cj  = –Yl*/∆cl         

E · X1* = ∆r1 · S
2 

 

where the first equations are linear ones. Substituting S2 in a suitable way, another 
linear equation is obtained 

 (r – c) · X1*  = ∆r1 · (σ · (∑ ρ0k · xk · σk + ∑ φ0l · yl · τl) +   
     τ · (∑ φ0k · xk · σk + ∑ ψ0l · yl · τl)). 

 

In total, together with the two normalization equations ∑ xi = 1 = ∑ yj we now obtain 
(m + n + 2) linear equations with (m + n + 2) variables x, x1, …, xn and y, y1, …, ym, 
which are solvable for the general case (i.e. with the exception of singular parame-
ter constellations). Only in special cases can the solution be described explicitly. A 
solution is not automatically feasible because some coefficients may not be be-
tween zero and one. 

In some special cases, simplified solutions will be obtained that can be treated in 
EXCEL. In the next section, some results concerning special cases are discussed. 

3.3.4 Calculation Examples 

This section discusses some examples. In this context, the term “feasible” optimum 
implies that a local maximum exists in which all coefficients are between zero and 
one. Maximum values at the boundaries of allowed combinations are not consid-
ered at this point. 

 

Calculation Examples - Uncorrelated Assets and Liab ilities  

For the first example, the assumption is to invest the new business premium into 
two risky asset classes, which are not correlated with each other. The following in-
put data is assumed: 

 

 
Standard 
Deviation  

Cumulated 
Return 

Asset 1 10.0% 107.5% 

Asset 2 20.0% 112.5% 

Figure 87: Cumulated Returns 
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For simplicity, only the underwriting of a single risk-free line of business with a 
combined ratio of 100.0% is considered (underwriting just a relatively low risk cate-
gory in a very large collective.) Under these assumptions, the model provides as 
follows, the classical Markowitz approach for assets: 

 

 Standard 
Deviation  

Return  

Asset 1 10.0% 7.5% 

Asset 2 20.0% 12.5% 

Figure 88: Uncumulated Returns 

 
Concerning the uncumulated returns, the following table provides the RORAC and 
the EVA optimum given a capital cost parameter of c = 30.0% with respect to EVA. 
 

 Standard 
Deviation  

Return  RORAC 
Optimum  

EVA Opt.  
c = 30.0% 

Asset 1 10.0% 7.5% 70.6% 35.3% 
Asset 2 20.0% 12.5% 29.4% 64.7% 

 
Figure 89: RORAC and EVA Optimum given Risk-free Li abilities 

 
With respect to the EVA optimum there is significantly more investment in the riskier 
asset class than with respect to the RORAC optimum. Furthermore, only the abso-
lute value is optimized without consideration of the capital requirements. In the spe-
cific case, the capital requirement given the EVA optimum is significantly higher 
than the capital requirement in case of the the RORAC optimum. Possibly, the 
company is not able to deposit the required capital for the EVA optimum. 

The RORAC optimum can be illustrated as a tangent point on the risk / return curve 
with a line through the origin as follows: 
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Figure 90: RORAC Optimum 

 

The EVA optimum is defined as a tangent point on the risk / return curve with a line 
whose slope equals the cost of capital parameter c. Because the slope of the risk / 
return curve does not fall below an asymptotic value, such a tangent point does not 
exist for small parameter c, see the following figure. 
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    Figure 91: EVA Optimum for c = 30.0%, but no EV A Optimum for c = 10.0% 

 

If the cost of capital parameter c is too small then only a maximum value exists at 
the boundary with 100% investment in the risky asset – regardless of the amount of 
capital required. 
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Now the example will be extended by underwriting two lines of business (uncorre-
lated with each other and with the asset classes) with the following risk / return pro-
file in the optimization approach: 

 

 Combined     
Ratio 

Standard 
Deviation 

LoB 1 97.0% 20.0% 

LoB 2 98.5% 10.0% 

 
Figure 92: Combined Ratios 

 

The following table illustrates the asset and liability shares with respect to the RO-
RAC optimum: 

 

 
 

STD Cum. Re-
turn  

Share   STD Comb. 
Ratio  

Share  

 Asset 1 10.0% 107.5% 64.5%  LoB 1 20.0% 97.0% 24.7% 

 Asset 2 20.0% 112.5% 35.5%  LoB 2 10.0% 98.5% 75.3% 

 
Figure 93: RORAC Optimum given Risky Assets and Lin es of Business 

 

The shares of the asset classes have changed with the inclusion of the lines of 
business in the optimization, because the optimization approach (even with uncor-
related assets and liabilities) is not independent of the asset and liability risk / return 
profiles. In this particular case, there is a maximum because the returns are posi-
tive. With the inclusion of risky lines of business, there is a higher weight with re-
spect to the risky asset due to a higher degree of diversification. 

An even stronger shift with respect to the weight of the risky asset and liability 
classes are observed after EVA optimization – regardless of the amount of capital 
required.  

 

 
 

STD Cum. Re-
turn  

Share   STD Comb. 
Ratio  

Share  

 Asset 1 10.0% 107.5% 12.9%  LoB 1 20.0% 97.0% 40.1% 

 Asset 2 20.0% 112.5% 87.1%  LoB 2 10.0% 98.5% 59.9% 

 
Figure 94: EVA Optimum given Risky Assets and Liabi lities for c = 30.0% 
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The tables show that there are significant differences between the EVA and RO-
RAC optimum. For the EVA optimization approach there are higher weights for the 
riskier positions. 

It has already been mentioned that in the present model approach the consideration 
of risk-free assets is no problem because there is usually risk in the liability posi-
tions. In fact, it is an independent business decision, to invest the cash flows result-
ing from the technical result in risky or riskless investments. In this case a risky in-
vestment is not necessarily “better” than a risk-free investment. 

Thus, the example is extended by including a risk-free asset with an interest rate of 
4.0% in order to check how the weights of asset and liability classes will change: 

 

 
 

STD Cum. Re-
turn  

Share   STD Comb. 
Ratio  

Share  

 Risk Free 0.0% 104.0% 22.4%  LoB 1 20.0% 97.0% 40.1% 

 Asset 1 10.0% 107.5% 12.9%  LoB 2 10.0% 98.5% 59.9% 

 Asset 2 20.0% 112.5% 87.1%      

 
Figure 95: RORAC Optimum given a Risk-free Asset 

 

The risk-free asset only receives a relatively small weight because of the high di-
versification. 

With respect to EVA, the results are quite complex. There is no solution for the 
(quite realistic) capital cost parameter c = 30.0%. To obtain a solution in the classi-
cal sense, the parameter has to be significantly increased, e.g.  c = 60.0%. 

 

 
 

STD Cum. Re-
turn  

Share   STD Comb. 
Ratio  

Share  

 Risk free 0.0% 104.0% -119.8%  LoB 1 20.0% 97.0% 31.7% 

 Asset 1 10.0% 107.5% 136.8%  LoB 2 10.0% 98.5% 68.3% 

 Asset 2 20.0% 112.5% 83.1%      

 
Figure 96: EVA Optimum given a Risk Free Asset for c = 60.0% 

 

As can be seen in the table above, there is a solution for the EVA approach but it is 
not feasible in the sense that each share is positive and less than one. There is 
such a dramatic restructuring of assets that in principle the recommendation is not 
to buy the risk-free assets, but rather to borrow it, in order to take even more of the 
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riskier asset classes to the portfolio. This very simple example shows that the EVA 
optimization may be much more crucial than the RORAC optimization. 

 

Calculation Examples – Correlated Assets and Liabil ities  

In this section, the effects of correlations will be analyzed . Only the RORAC optimi-
zation will be analyzed because of the high complexity of the EVA optimization in 
connection with very crucial solutions. 

For this purpose, the case of the two previously introduced risky assets and lines of 
business is considered, where it is now assumed that the two assets and liabilities 
are correlated with 50% to each other. This example already contains essential fea-
tures of the general case: 

 
 

STD Cum. Re-
turn  

Share   STD Comb.  
Ratio  

Share  

 Asset 1 10.0% 107.5% 63.0%  LoB 1 20.0% 97.0% 11.1% 

 Asset 2 20.0% 112.5% 37.0%  LoB 2 10.0% 98.5% 88.9% 

 
Figure 97: RORAC Optimum given Risky Assets & Liabi lities with 50.0% Corr.  

 

The use of correlations changes the weights, such that the lower-risk positions ob-
tain a higher weight. If the correlations are too high, it is no longer a feasible solu-
tion.   

In a final step, this example is extended even more by including the risk-free asset 
with an interest rate of 4.0%. This example will contain the whole complexity of the 
general case except the correlations between assets and liabilities. 

 

 
 

STD Cum. Re-
turn  

Share   STD Comb. 
Ratio  

Share  

 Risk Free 0.0% 104.0% 36.4%  LoB 1 20.0% 97.0% 9.1% 

 Asset 1 10.0% 107.5% 33.3%  LoB 2 10.0% 98.5% 90.9% 

 Asset 2 20.0% 112.5% 30.3%      

 

Figure 98: RORAC Optimum with a Risk Free Asset wit h 50.0% Correlation.  
 

If a risk-free asset in the RORAC optimization is involved (assumed the asset and 
liabilities are correlated to each other) this asset obtains a high weight. It is also 
remarkable to see that the inclusion of a risk-free asset influences not only the 
weight of the assets, but also the weight of the liabilities. 
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3.3.5 Conclusion 

Under some simplified model assumptions, there is always an optimum for risky 
investments with respect to the RORAC. In the special case of two risky invest-
ments, one can represent this as tangential point on the risk / return curve with a 
line through the zero point. 

If the EVA as a preference function is used, then in the simple case of two risky in-
vestments there will not always be a feasible solution. In such a case a solution is 
obtained as a tangential point on the risk / return curve with a line Yield = constant 
+ c · STD. This tangent point does not exist if c is too small. Thus, the optimum is 
the maximum at the boundary – regardless of the capital requirement. Higher cost 
parameter c produce solutions, but may be unrealistic. 

This result indicates some doubts concerning the convenience of the EVA as a use-
ful KPI, because even in the simplest case a solution depends on the choice of the 
capital cost parameter. The fact that only very high capital cost parameters produce 
an optimum, should be critically evaluated. 

A (simplified) RORAC optimization will generate solutions, which are acceptable but 
not necessarily in the sense that all parameters are between zero and one. If there 
are just correlations between assets and liabilities, we will immediately recognize 
that optimal combinations of assets will be influenced by the characteristics of the 
assets themselves and the characteristics of the liabilities (and vice versa). It is 
possible to summarize groups or segments to have a smaller dimension in the op-
timization approach in order to obtain feasible solutions. 

In general, there is a solution for the RORAC optimization problem. It is, however, 
very difficult to interpret. 

As has already been mentioned, the considerations outlined here are not necessar-
ily suitable for the optimization of complex reinsurance structures. The approach 
presented here can only be used to deliver a simplified model to have better start-
ing values for alternative calculations in internal models. Nevertheless, some impli-
cations for value-based management can be identified. 
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3.4 Treatment of Extra Dividends 

In this chapter, the treatment of extra dividends will be discussed. Therefore, it is 
good to keep in mind the following equivalence equation, which reflects all relevant 
aspects for tariff rating before a contract is written: 

 

Present Value of Premiums       =    Present Value of Claims 

           +    Present Value of Costs    

                                                     + Present Value for Extra Dividends. 

 

This chapter concentrates on the correct distribution of dividends to the shareholder 
after having underwritten the contract. Costs of capital included in the premium 
should only be distributed to the shareholder when they have been earned. This will 
be analyzed by means of some calculation examples in the following sections. 

3.4.1 Cost of Capital and Target Premium 

Extra dividends are defined as the return on required capital above the Risk-free 
interest rate. The Cost of Capital as present value of all extra dividend depends on 
the capital allocation at the beginning of a period as well as on the required extra 
dividend at the end of a period. 

We have analyzed in a previous section how target combined ratios and thus target 
combined premiums depend on different levels of risk-free interest rates with re-
spect to different CoC models reflecting different insurance markets. We did not 
consider any change in the CoC requirements given different levels of risk-free in-
terest rates, compare the table below. 

 

Market Interest Rate 2.0% 4.0% 6.0%
Extra Dividend 13.0% 11.0% 9.0%
Total Yield 15.0% 15.0% 15.0%
Present Value Claims 88.7 79.6 72.0
Present Value Costs 29.1 28.3 27.6
Present Value Extra Dividends 31.7 24.2 18.0
Present Value Premium 149.5 132.1 117.6
Premium 151.0 134.7 121.1  

Figure 99: Target Premiums given a Fixed Total Yiel d 
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If the total yield is fixed than there is strong dependency on the different levels of 
risk-free interest rates with respect to the target premiums.   

 

Market Interest Rate 2.0% 4.0% 6.0%
Extra Dividend 8.0% 11.0% 14.0%
Total Yield 10.0% 15.0% 20.0%
Present Value Claims 88.7 79.6 72.0
Present Value Costs 29.1 28.3 27.6
Present Value Extra Dividends 19.5 24.2 28.0
Present Value Premium 137.3 132.1 127.6
Premium 138.7 134.7 131.4  

Figure 100: Target Premiums given a Variable Total Yield 

 

The model with variable total yields results less-volatile target premiums in the case 
of a change in the risk-free interest rate. This concept could be used to stabilize the 
premium calculation. 

3.4.2 Extra Dividends According to Underwriting Per formance 

The treatment of extra dividends will be explained by a calculation example. Firstly, 
the underwriting performance will be taken into account; afterwards the impact of 
risky investments will be analyzed. Both sides should be considered separately, 
because underwriting and asset management act independently from each other in 
an insurance company. 

For this example an industrial insurer was chosen. Normally, an industrial insurer 
has higher yield expectations than an insurer in a personal lines business – for ex-
ample to get a good “A” rating. The model calculation is based on the following in-
put parameter: 

Market Interest Rate 
Premium 
Cost Ratio 
Claims Ratio 
Entity Factor 
Premium Factor 
Reserve Factor 
CoC Rate 

4.0% 
1,000.0 
25.0% 
73.3% 

150.0% 
22.0% 
12.0% 
10.0% 

 

The next figure illustrates the a-priori underwriting cash flows with a target fulfill-
ment of 100.0%. The capital allocation of 330 at the beginning is obtained by multi-
plying the premium of 1,000 with the entity factor of 150% and the premium factor 
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of 22.0%. After the first period an extra dividend of 10.0% is expected that results in 
an amount of 33 to be distributed to the shareholders: 

 

 

Period CF Capital 
in % Nominal Discounted Allocation Nominal Discounted

1 50.0% 366.4 359.3 330.0
2 25.0% 183.2 172.7 66.0 33.0 31.7
3 12.5% 91.6 83.0 33.0 6.6 6.1
4 6.3% 45.8 39.9 16.5 3.3 2.9
5 3.1% 22.9 19.2 8.2 1.6 1.4
6 1.6% 11.4 9.2 4.1 0.8 0.7
7 0.8% 5.7 4.4 2.1 0.4 0.3
8 0.4% 2.9 2.1 1.0 0.2 0.2
9 0.2% 1.5 1.1 0.5 0.1 0.1

10 0.1% 0.7 0.5 0.3 0.1 0.0
11 0.1% 0.4 0.2 0.1 0.0 0.0
12 0.0% 0.1 0.1 0.1 0.0 0.0
13 0.0% 0.1 0.0 0.0 0.0 0.0
14 0.0% 0.1 0.0 0.0 0.0 0.0
15 0.0% 0.0 0.0 0.0 0.0 0.0
16 0.0% 0.0 0.0

100.0% 732.8 692.0 46.2 43.5

Cost of CapitalClaim Payments

 

Figure 101: “A Priori” Underwriting CF with 100% Ta rget Fulfillment 

 

The following figure illustrates how the values are calculated for the fourth period 
where all calculations are based on a 4.0% risk-free interest rate. 

 

Position Value Comment

CF in % 6.3% Payment Pattern for the Segment
Nominal Payments 45.8 = 1.000,0 · 73.3% · 6.3%
Discount. Payments 39.9 = 39.9 / (1 + 4.0%)3.5

Capital Allocation 16.5 = (45.8 + 22.9 + … + 0.1) · 12.0% · 150.0%
Nominal CoC 3.3 = 33.0 · 10.0%
Discount. CoC 2.9 = 3.3 / (1 + 4.0%)3.0

 

 
Figure 102: Calculation Example given Target Values . 
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During contract run-off, the observed values deviate from the target values. The 
next figure shows an example with a negative deviation from the target values that 
results in a decreased target fulfilment. 

 

Period Result CoC Result
Interests Payments before CoC Payments CoC Payout after C oC

1 4.0% 366.4
2 4.0% 219.8 391.2 346.0 45.2 33.0 358.2
3 4.0% 73.3 148.4 173.0 -24.6 -12.8 161.2
4 4.8% 45.8 92.9 86.5 6.4 3.3 89.6
5 4.8% 22.9 47.0 43.3 3.7 1.9 45.0
6 4.8% 11.5 23.8 21.6 2.2 1.1 22.6
7 4.8% 5.7 11.9 10.8 1.1 0.6 11.4
8 4.8% 2.9 6.1 5.4 0.7 0.3 5.7
9 4.8% 1.4 3.0 2.7 0.3 0.2 2.9

10 4.0% 0.7 1.6 1.3 0.2 0.1 1.4
11 4.0% 0.4 0.8 0.6 0.1 0.1 0.7
12 4.0% 0.2 0.3 0.3 0.0 0.0 0.3
13 4.0% 0.1 0.1 0.1 0.0 0.0 0.1
14 4.0% 0.0 0.0 0.1 0.0 0.0 0.1
15 4.0% 0.0 0.1 0.0 0.1 0.1 0.0
16 0.0 0.0 0.0

751.1 Target Fulfillment CoC 60.4% 27.9

Present Value FutureObserved Values 

 

Figure 103: “A Posteriori” Underwriting CF with 60. 4% Target Fulfilment 

 

The next table shows, again, how the values are calculated for the fourth period 
with respect to the realized values (in contrast to the target values). 

 

Position Value Comment

Observed Interest 4.8% Realized Values
Observed Payments 45.8 Realized Values
Result before CoC 92.9 = 161.2 · (1 + 4,0%) - 73.3 · (1 + 4,0%)0.5

PV Future Payments 86.5 = (39.9 + 19.2 + … + 0.1) · (1 + 4.0%)3.0

PV Future CoC 6.4 = 92.9 - 86.5
CoC Payout 3.3 = 3.3 · 6.4 / ((2.9 + 1.4 + … + 0.1) · (1 + 4.0%)3.0)
Result after CoC 89.6 = 92.9 - 3.3  

 
Figure 104: Calculation Example given Realized Valu es 

 

The present value of extra dividends implies, in a certain sense, a hybrid position. 
On the one hand, it has been included into the premium in order to allow a planned 
extra dividend for the shareholders; on the other hand, it has characteristics of a 
safety cushion for policyholders, because it serves to compensate a negative claim 
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experience in contrast to a target situation. Due to this hybrid status it has to be 
checked after each period to establish whether the development of the parameter 
(losses, costs, interest rates) enables the planned payout of extra dividend or not. 

Thus, all realizations have to be accumulated up to the actual point in time in order 
to check whether all estimated future payments (claims, costs) can be paid. If a 
positive cash balance remains after that, a dividend can be paid in the current pe-
riod, but it may be less than targeted. After dividend payout, the remaining cash 
balance can be accumulated up to the end of the next period when it will be 
checked again. 

If there is no positive cash balance for dividend payout, a refund has to take place, 
normally by refraining from a dividend payout with respect to other (more profitable) 
segments or underwriting years. 

Thus, a negative development has an impact on the dividend payout, which cannot 
be realized as targeted and which must be adjusted according to the actual situa-
tion. 

3.4.3 Extra Dividends According to Asset Performanc e 

Additional to the impact of underwriting performance, the impact of asset perform-
ance has to be taken into account. The model calculation is based on the same in-
put parameter as before including a capital factor with respect to the required capi-
tal for risky assets. 

 

Market Interest Rate 
Premium 
Cost Ratio 
Capital Factor 
Entity Factor 
Combined Factor 
CoC Rate 

4.0% 
1,000.0 
25.0% 
10.0% 

150.0% 
15.0% 
10.0% 

 
With respect to the required capital RCA for risky assets and the combined factor cf 
(as a product of entity factor and capital factor) the following relation holds: 

 

RCA  = cf · (RCUW + TA + RCA) 

 = cf · (RCUW + TA ) / (1 – cf), 

 

where RCUW denotes the required capital for underwriting and TA the technical as-
sets due to the technical liquid balance. Given those relations, the next figure illus-
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trates the non-technical capital allocation where the technical assets at the begin-
ning are defined with respect to the discounted premium income.   

 

Period Technical
Payments Interests Assets Technical Non-Techn. Total

1 366.4 4.0% 980.6 330.0 231.3 561.3
2 219.8 4.0% 358.2 66.0 74.8 140.8
3 73.3 4.0% 161.2 33.0 34.3 67.2
4 45.8 4.8% 89.6 16.5 18.7 35.2
5 22.9 4.8% 45.0 8.2 9.4 17.6
6 11.5 4.8% 22.6 4.1 4.7 8.8
7 5.7 4.8% 11.4 2.1 2.4 4.4
8 2.9 4.8% 5.7 1.0 1.2 2.2
9 1.4 4.8% 2.9 0.5 0.6 1.1

10 0.7 4.0% 1.4 0.3 0.3 0.5
11 0.4 4.0% 0.7 0.1 0.1 0.3
12 0.2 4.0% 0.3 0.1 0.1 0.1
13 0.1 4.0% 0.1 0.0 0.0 0.1
14 0.0 4.0% 0.1 0.0 0.0 0.0
15 0.0 4.0% 0.0 0.0 0.0 0.0
16

751.1

Observed Values Capital Allocation

 

Figure 105: Capital Allocation given Risky Assets. 

 

The next figure illustrates how the values are calculated for the fourth period ac-
cording to the realized values due to realized underwriting and asset performance. 

 

Position Value Comment

Combined Factor 15.0% Payment Pattern for the Segment
Payments 45.8 Realized - needed for Techn. Result
Riskfree Interests 22.9 Realized - needed for Techn. Result
Technical Assets 89.6 Realized - needed for Techn. RC
Technical RC 16.5 Calculated before
Non-techn. RC 18.7 = (89.6 + 16.5) · 15% / (1 - 15%)
Total RC 35.2 = (18.7 + 16.5)  

 
Figure 106: Calculation Example given Risky Assets (1). 

 

The figure below shows the realized dividend payout with respect to the capital al-
location for risky assets if the observed risky interest rate is 6.0%. 
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Period Capital Observed CoC Result 
Allocation Nominal Discounted Interests Total Non-Techn. Payout after CoC

1 231.3 6.0%
2 74.8 23.1 22.2 6.0% 406.2 15.0 9.4 363.7
3 34.3 7.5 6.9 6.0% 162.1 13.7 7.3 167.6
4 18.7 3.4 3.0 6.0% 103.5 10.7 5.3 94.9
5 9.4 1.9 1.6 6.0% 53.9 6.9 3.6 48.4
6 4.7 0.9 0.8 6.0% 27.9 4.2 2.2 24.6
7 2.4 0.5 0.4 6.0% 14.4 2.4 1.3 12.5
8 1.2 0.2 0.2 6.0% 7.5 1.4 0.7 6.4
9 0.6 0.1 0.1 6.0% 3.8 0.8 0.4 3.2

10 0.3 0.1 0.0 6.0% 2.0 0.4 0.2 1.6
11 0.1 0.0 0.0 6.0% 1.0 0.2 0.1 0.8
12 0.1 0.0 0.0 6.0% 0.4 0.1 0.1 0.3
13 0.0 0.0 0.0 6.0% 0.2 0.1 0.0 0.1
14 0.0 0.0 0.0 6.0% 0.1 0.0 0.0 0.1
15 0.0 0.0 0.0 6.0% 0.1 0.0 0.0 0.0
16 0.0 0.0 0.0 0.0

37.8 35.3 Target Fulfillment CoC 81.1% 30.7

Cost of Capital Result before CoC

 
 

Figure 107: Realized Dividend Payout given Risky As sets 

 

Given a risky interest rate of 6.0%, the total discounted dividend payout equals 
30.7, which results in a target fulfillment of 81.7%. The following figure shows how 
the values are calculated for the fourth period. 

 

Position Value Comment

Capital Allocation 18.7 Calculated before
Nominal CoC 3.4 = 34.3 · 10.0%
Discount. CoC 3.0 = 3.4 / (1 + 4.0%)3.0

Observed Interest 6.0% Realized Risky Values 
Total Result b. CoC 103.5 = 167.6 · (1 + 6,0%) - 73.3 · (1 + 6,0%)0.5 + (6.0% - 4.0%) · 67.2
Non-techn. Res. b. CoC 10.7 = (103.5 - 92.9) - 92.9 Technical Result before CoC
CoC Payout 5.3 = 3.4 · 10.7 / ((3.0 + 1.6 + … + 0.1) · (1 + 4.0%)3.0)  

Figure 108: Calculation Example given Risky Assets (2) 

 

In the next section the treatment of dividend payout for several accident years is 
discussed. A lesser dividend payout for one accident year can be compensated for 
by more dividend payout for another year. 

3.4.4 Extra Dividends Given Several Accident Years 

The dividend payout is very important in practice. To ensure that the targeted val-
ues are applicable, the actual condition should be checked regularly and adapted if 
necessary. By such a review, it can be warranted that a dividend payout is possible 
in the long term. This prevents financial burdens for the future. These burdens 
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could only be balanced out by new business that could no longer produce the tar-
geted returns. Furthermore, it must be taken into account that a balance sheet divi-
dend payout can always be broken down into the dividends of several accident 
years, which is illustrated in the figure below. 

 

Accident Target Growth Total
Year Fulfillm. Rate 1 2 3 4 5 6 7 8

1 -100.0% 82.3% -2.1
2 -50.0% 86.4% -2.2 -1.1
3 0.0% 90.7% 0.0 0.0 0.0
4 50.0% 95.2% 11.9 6.0 2.4 1.2
5 100.0% 100.0% 50.0 25.0 12.5 5.0 2.5 95.0
6 50.0% 105.0% 26.3 13.1 6.6 2.6 1.3 49.9
7 0.0% 110.3% 0.0 0.0 0.0 0.0 0.0 0.0
8 -50.0% 115.8% -28.9 -14.5 -7.2 -2.9 -1.4 -55.0

57.7 56.1 28.0 -16.2

Balance Year

 

Figure 109: Dividend Payout over Several Accident Y ears 

 

If there is a target failure for previous accident years, it has to be refunded by divi-
dends of later accident years. Otherwise, the target balance sheet dividend payout 
cannot be achieved. 

A correct treatment of dividend payout on an accident year base (as discussed in 
the examples before) is inevitable in order to prevent future burdens of the balance 
sheet results.   
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4 Embedded Value as Fair Value Approach 
 

The on-going change to a value based management requires appropriate key fig-
ures and steering systems. Internal models in non-life insurance are usually based 
on the economic capital after one year as stochastic target function according to the 
immediate realization of assets and liabilities at market values. That does not al-
ways constitute a realistic hypothesis. The direct liquidation of all assets and liabili-
ties would result in high discounts on the assets respectively in high surcharges on 
the liabilities. Especially the existence of market values for loss reserves seems 
illusionary. In addition, the tensions in the financial markets lead to distortions in 
market prices (e.g. in form as a liquidity premium). These circumstances do not re-
flect adequately the medium to long term value situation of an insurance com-
pany.39 

Given the Embedded Value EV (as an alternative approach for evaluating corporate 
economic capital) the fair values of assets and liabilities will be realized only over 
time according to a virtual run-off. Thus, “modelling” of a virtual external investor of 
the insurance portfolio is not requested. This approach leads to the following advan-
tages and disadvantages: 

 

• As a consequence of frictional and other costs, the EV is lower than the 
directly attributable economic value. 

• The EV is more realistic because there would be discounts in the case of 
selling the portfolio. 

• The EV reacts less sensitively to market price fluctuations. 

 

Therefore, the EV-approach is well established in the typical long term business of 
life insurance. In non-life insurance, however, this concept is actually not well estab-
lished, although there are first applications within the integrated steering of the 
whole business. Thus, it is consequent to consider also the EV within the value 
based management in non-life insurance at a middle-term perspective. This will 
result in a coherent view on risk steering at group level. Especially within the 
framework of Solvency II the insurance groups are interested in a consistent com-
pany steering system. Therefore a harmonization of modelling approaches between 
the life and non-life segments is required.40 

This chapter describes in what way and to what extent the EV concept could apply 
to non-life insurance. First, for a better understanding, the methodology and devel-

                                            
39Heep-Altiner, Krause (2012), p. 2. 
40Heep-Altiner, Berg (2012). 
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opment of the EV in life insurance will be explained. After that, an approach to 
transfer the idea to non-life insurance is presented. The following example of the 
fictional property/casualty insurer named “Feldafinger Brandkasse” will illustrate an 
EV calculation. Finally, based on the results a conclusion and outlook is given. The 
explanations and descriptions in this chapter are mainly based on the research re-
sults of the cooperation between the working group “Embedded Value Non-life” of 
the German Association of Actuaries (Deutsche Aktuarvereinigung) and the master 
students at the Institute of Insurance Studies in Cologne (Institut für Versi-
cherungswesen der FH Köln).41 

4.1 Embedded Value in Life Insurance 

The return profile in life insurance distinguishes from other lines of business be-
cause of its long-term character. Typically the high acquisition costs at the begin-
ning of a contract will be amortized over time by the profits in future years, see the 
figure below. 

  

 

Figure 110: Annual Profit of a Life Insurance Contr act 42 
 

Therefore, life insurers in a period of growth show an operating loss due to its high 
rate of new business. It concludes that the annual reported gain from income 
statements does not reflect the adequate value of the life insurance portfolio. Thus, 
future cash flows have to be taken into account for the valuation of contracts. The 
EV considers the present value of all future profits of the insurance portfolio and 
regards the long-term nature of the business. 

To summarize this, the EV is an indicator of the prospective earnings potential of a 
life insurance company and is the key performance figure for the shareholders and 
potential investors. 

 

                                            
41Heep-Altiner (2012). 
42Gürtler (2012), p. 7.  
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4.2 Historical Development 
James Anderson published the basic conceptual idea in the year 1959.43 Based on 
his isolated projection of future cash flows the EV approach evolves constantly over 
time. Today the EV is a generally accepted indicator in life insurance and this is 
why most companies publish an additional EV report beside the legal reporting re-
quirements.44 The EV estimates the value of the company, based on its current net 
worth plus the present value of future profits minus costs. The estimation of future 
cash flows requires an extensive set of assumptions. For example, the future inter-
est rates, inflation, policyholder behaviour and mortality have to be considered. At-
tempts to harmonize and improve the initial concept of the traditional Embedded 
Value (TEV) led to the concept of the European Embedded Value (EEV) and finally 
to the Market Consistent Embedded Value (MCEV).45 

 

Traditional Embedded Value (TEV)  

The TEV corresponds to the value of the adjusted equity (net asset value) plus the 
Present Value of Future Profits (PVFP) for the covered business minus the Cost of 
Capital (CoC).  
 

 
Figure 111: Traditional Embedded Value 46 

 
The separate components of the traditional Embedded Value are explained in more 
detail below. 

 

Net Asset Value (NAV)  

The NAV is the book value according to generally accepted accounting principles 
(e.g. German GAAP) of the equity adjusted with valuation reserves (difference be-
tween the market values and the accounting values) and the dividends for the 
shareholders which are included in the balance sheet profit. The NAV is divided into 
the Required Capital (RC) and the Free Surplus (FS). The RC is demanded for ex-
ample as a solvency capital by the insurance supervision or by the rating agencies. 

                                            
43Anderson (1959). 
44PWC, p. 1. 
45Heep-Altiner; Krause (2012), p. 7. 
46Gürtler (2012), p. 8-10. 
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Cost of Capital (CoC)  

The CoC corresponds to an adequate interest on the RC. For the purpose of pro-
viding capital for the insurance company the shareholders demand an appropriate 
return on the invested capital (Risk Discount Rate, RDR). The actual investment 
income on the RC is usually lower than the expected risk discount rate (RDR). Fur-
thermore, the participation of the policyholders as well as the taxes on the invest-
ment income on the RC should be considered. 

 

Present Value of Future Profits (PVFP)  

An essential element of the TEV is the deterministic PVFP. For the calculation, the 
following assumptions are used: 

 
• The insurance portfolio is in run-off. 
• The profit and loss account and the balance sheet will be projected over the 

predefined projection period. 
• The future new business will not be considered. 
• The investment income on equity is not taken into account. 
 

As a result, the future profits are determined. The following discounting calculation 
uses the RDR and the PVFP is then identified and quantified. 

 

European Embedded Value (EEV)  

An earlier lack of clear guidelines for the determination of the TEV made compara-
bility between the different companies complicated for investors and shareholders. 
In the year 2004 the so called CFO forum, comprising the 21 chief financial officers 
of the most important European insurance groups, established the European Em-
bedded Value Principles (EEVP). The EEVP set down 12 general binding rules.47 
For instance, beside the three components of the TEV, the EEV considers the Time 
Value of Options and Guarantees (TVOG) as an additional factor, see the figure 
below. 

 

 

Figure 112: European Embedded Value 48 

                                            
47CFO Forum, European Embedded Value Principles. 
48 Heep-Altiner (2012), p. 18. 
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The guarantees mainly refer to fixed promised financial guarantees. An example for 
options is the right of cancellation for policyholders or the lump sum option in annu-
ity insurances. Therefore, the deterministic perspective of capital market scenarios 
is insufficient for assessing the TVOG appropriately. Especially the evaluation of 
financial guarantees needs a stochastic asset / liability projection model to reflect 
the volatility of the financial markets.49 It is necessary to develop management 
rules, e.g. for determining the participation of the policyholders on investment in-
comes and for an assumption of future policyholders’ behaviour. Furthermore, the 
EEVP requires a consistent calculation for the RDR and homogeneous publication 
standards.50 

 

Market Consistent Embedded Value (MCEV)  

The components of the MCEV align with the EEV. Furthermore, costs of non-
hedgeable risks must be taken explicitly into account. Because the EEVP did not 
solve the problem of an appropriate and objective RDR sufficiently, the CFO Forum 
published the Market Consistent Embedded Value Principles (MCEVP) in June 
2008 in order to bring greater consistency and improved disclosure to the EEV. The 
MCEVP include 17 “Key principles”, 145 “Areas of guidance”51 and a “Commentary 
on Principles & Guidance (Basis for Conclusions).”52 The MCEV is currently the 
most sophisticated and harmonized EV concept. It values assets and liabilities on a 
market-consistent basis. Assets are valued at the amount for which they can be 
sold at the time of valuation. The liabilities, which are not traded and illiquid, are 
valued by a replicating portfolio or other adequate mathematical techniques. The 
MCEVP also require a consistent valuation for the TVOG similar to the pricing of 
options and other derivatives on capital markets (Black & Scholes). Furthermore, 
costs of non-hedgeable risks must be taken explicitly into account. 

But the discussion about the right methodology and assumptions still continues. In 
October 2009, the CFO Forum published an amendment to the MCEV Principles to 
allow for the inclusion of an illiquidity premium. Furthermore, in December 2011 a 
press release was issued by the CFO Forum to take account of the current sover-
eign debt market conditions in EV reporting as an initial step towards the expected 
convergence of MCEV with the developing Solvency II regulatory framework.53 
However, the discussion is still on-going as to how and to which products such illiq-

                                            
49CFO Forum, Basis for Conclusions European Embedded Value Principles, p. 15. 
50Gürtler (2012), p. 10-11. 
51CFO Forum, MCEV Principles & Guidance. 
52CFO Forum, MCEV Basis for Conclusions. 
53www.cfoforum.nl /embedded_value.html. 
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uidity premiums should be applied as well as how sovereign debt market conditions 
should be taken into account under Solvency II.54 

4.2.1 Application of Embedded Value 

The Embedded Value applies in the following areas of the insurance business:55 

 

Evaluation of a Company:  

The EV is an alternative approach for the evaluation of a life insurance company 
with a more significant expressiveness than the classical figures. Therefore, it is the 
main component in the negotiation process of mergers and acquisition transactions. 

 

Company steering:  

As the material part of internal life insurance models, the EV determines the re-
quired risk capital and is therefore a main part of the risk management, especially 
considered in the framework of Solvency II. The required capital is calculated based 
on sensitivities, stress scenarios and the required security level. 

 
Movement Analysis:  

With a movement analysis as a tool of a value-added analysis, the separate im-
pacts for a change in the EV could be examined ex post. The Movement Analysis is 
an important tool for the performance measurement and the evaluation of the man-
agement of a life insurance company. Therefore, the MCEV at the end of the year 
(EoY) will be compared a posteriori with the MCEV at the beginning of a year 
(BoY). The reasons for the change of the value will be analysed individually. The 
following figure shows a schematic example for a Movement Analysis. 

 

                                            
54Munich Re, Market Consistent Embedded Value Report 2011, p. 3. 
55DAV, Embedded Value in der Schadenversicherung, p. 6. 
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Figure 113: Movement Analysis 56 

 

Different factors lead to an increasing / decreasing MCEV. For example, the change 
of the non-financial assumptions with regard to the future has reduced the value. 
On the other hand, factors like the deviation between the realized and the estimated 
non-financial assumptions, the overperformance of investment earning and the 
value added by new business, lead  to a higher MCEV at the end of the year. 

4.2.2 Market Consistent Embedded Value 

The MCEV is the present value of shareholders’ interests in the earnings distribut-
able from assets allocated to the covered business after making sufficient allow-
ance for the aggregate risks involved. When calculating the MCEV the following 
principles have to be considered:57 

 

Closed Fund Projection: 

 

In opposite to the Appraisal Value58 (AV) the EV does 
not consider future new business. The EV and the exist-
ing insurance portfolio will be projected in run-off. 

Best Estimate: The calculation is based on realistic assumptions. 

Going Concern: All assumptions base on a continued business opera-
tion. 

Further Consideration Regulatory and legal frameworks and continuous man-
agement rules have to be taken into account. 

 

                                            
56 DAV-Arbeitsgruppe EV Sach: Embedded Value in der Schadenversicherung. Bericht an 
 den Ausschuss Schadenversicherung DAV. Stand 16. September 2010. 
57Gürtler (2012), p. 7. 
58The AV can be interpreted as EV plus Goodwill. 



  

 

- 129 - 

The MCEV components correspond essentially with the EEV but use a closer clas-
sification level for the single components. The MCEVP distinguish between the fol-
lowing components of EV.59 

 

 

 

Figure 114: Market Consistent Embedded Value 60 

 

The different components of the Market Consistent Embedded Value are described 
in more detail in the following: 

 

Net Asset Value  

The Net Asset Value is divided into the components Required Capital (that has to 
be kept within the company) and Free Surplus (that can be paid out). 

 
Required Capital  

RC is the market value of capital allocated to the covered business. It equals at 
least the regulatory solvency capital, but may be higher to meet internal risk capital 
models or rating targets. RC is tangible and may be distributed over time as liabili-
ties run-off. 

 

Free Surplus  

FS is the market value of capital allocated to the covered business but not required 
to support the in-force covered business at the valuation date. FS is tangible and 
may be distributed immediately. The FS is a residual amount. To calculate the FS, 
an analysis of the whole equity is needed. 

                                            
59CFO Forum, MCEV Principles & Guidance and Munich Re (2011), p. 19 ff. 
60 Heep-Altiner, Jutzi (2012), p. 23. 
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Equity of an insurance company is defined as the difference between all assets and 
liabilities. FS equals the subtraction between equity and RC (under consideration of 
tax and shareholder dividends). 

For a German insurance company, the components FS and RC can be concluded 
from the German GAAP balance sheet. But an adjustment of the balance sheet po-
sitions is necessary to get to the required market value view. 

 

Value of In-Force  

The Value of In-Force covered business (VIF) consists of the PVFP, TVOG, FCRC 
and CRNHR. 

 

Present Value of Future Profits  

The PVFP is the present value of future local statutory (e.g. German GAAP) share-
holder after-tax profits emerging from the business covered on the condition that all 
economic and non-economic assumptions are met. Therefore, the following factors 
are essential to determine the future insurance portfolio development: 

 

• Investment Income, 

• development of cost and claims, 

• cancellation behaviour of policyholders, 

• dynamics on financial markets, 

• reimbursement from reinsurance and 

• risk discount rate. 

 

The assumptions based on the Best Estimate principle have to be made for each 
line of business and product individually. Furthermore, the calculation of future prof-
its considers the going concern assumption. The assumptions made are assumed 
to be adequate for the future as well on an inflation-adjusted basis. Based on the 
assumptions, the calculation procedure for the PVFP follows these steps: 

 

1. Determination of the net profit before tax, based on the underwriting and 
investment results. 

2. Determination of the net profit after tax for each period under review. 

3. Discounting with the RDR to the beginning of the projection. 
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Time Value of Financial Options and Guarantees  

Participating life business is generally characterized by options and guarantees, 
which are strongly dependent on the financial markets (e.g. a minimum interest rate 
or a minimum level of bonus is guaranteed to the policyholder). The participating 
features are usually a combination of contractual or legal constraints and manage-
ment discretion that has to take competitive pressure or market practice into ac-
count. The calculation of TVOG should be based on a stochastic variation of future 
economic conditions using methods and assumptions consistent with the underlying 
EV. 

 

Frictional Costs of Required Capital  

FCRC reflect the taxation costs for risk-free investment on the assets backing re-
quired capital as well as the costs for the investment management for those assets. 

 

Cost of Residual Non-Hedgeable Risks  

CRNHR are Cost of Capital for all (residual) risks that have not been considered in 
the market value of a risk component yet. The following figure illustrates the range 
of the MCEV components. 

 

RC FS PVFP CoC FC TVOG MCEV

 

Figure 115: Components of the MCEV  61 

                                            
61 Own figure based on Munich Re (2011), p. 4. 
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In the following section the concept of Embedded Value in life insurance will be 
transferred to non-life insurance. 

4.3 Embedded Value in Non-life Insurance 

The concept of MCEV has been used as an evaluation method in life insurance for 
several years. However, in insurance groups, it is useful to adopt similar steering 
indicators for all subsidiaries. The following chapters will therefore analyse how this 
approach can be transferred to non-life insurance. 

Furthermore, if reasonably applied, this concept may also establish a more realistic 
approach for an internal model in non-life insurance than a model based on eco-
nomic capital. Especially within the framework of Solvency II, insurance groups are 
interested in a consistent company steering system. Therefore a harmonization of 
modelling approaches between the life and non-life segments is required. 

ln conclusion, the EV approach could be an adequate integrated steering concept 
for a whole insurance group.62 Therefore, the possibility of applying the EV concept 
on non-life is analysed hereinafter. 

4.3.1 Differences between Life and Non-life Insuran ce 

Since the MCEV was originally developed for life insurance, problems occur during 
the transmission from life to non-life. For a better understanding, the most signifi-
cant differences between life and non-life insurance  will be outlined in the following. 

 

Maturity period Life insurance is a long-term business with maturities e.g. 
of thirty years and more whereas the maximum duration of 
a non-life insurance contract is restricted by European law 
to three years (previously five years). Moreover, after ex-
piry, an annual renewal option is granted to the insurer 
and the policyholder, resulting in an increasing fluctuation 
in the portfolio of a non-life insurer. This complicates the 
assumptions about its future performance. 

Premium Adjust-
ment 

A premium adjustment in life insurance is limited. In non-
life insurance, however, adjustment clauses are common. 
Additionally, insurers themselves have the right to cancel 
the contract of the policyholder before expiry in the event 
of any changes that result in a different approach to risk. 

                                            
62Heep-Altiner; Jutzi (2012), p. 21. 
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Dominant Elements           
of Uncertainty 

 

In life insurance dominant risks are mainly capital market 
risks such as low interest rates or rapid price movements 
caused by macro-economic environment changes. In con-
trast, the main influence in non-life is the uncertainty of the 
actual total claims expenditure exceeding the expected 
loss amount (underwriting risk). 

Pre-Contractual             
Acquisition Costs  

Payments of acquisition costs occur very early in life in-
surance, particularly if the long-term character is taken 
into account. 

Underwriting Cycles 

 

Empirical phenomenon that describes cyclical fluctuations 
of insurance premiums and underwriting results. Accord-
ing to premium adjustment clauses, these cycles are very 
distinctive in the non-life sector. 

Time Horizon              
for Modelling 

In life insurance the time horizon necessarily covers sev-
eral periods, in non-life insurance usually only one period. 

Differentiation             
of New Business 

 

In the determination of the Embedded Value, future profits 
from the written business at the valuation date are in-
cluded. Contracts concluded over several periods are part 
of the value of in-force business. In non-life insurance, 
however, this is usually defined as the replacement value. 
For implementation it is therefore important to make as-
sumptions about the classification of profits. 

Provisions The evaluation of an insurance company takes place from 
the owner perspective (according to the management 
rules). Therefore, the distribution capability of the earned 
profits is relevant. In life insurance, the provision for pre-
mium incomes is to consider as well as the equalization 
reserve in non-life insurance. 

 

After having discussed the differences, it should be checked how the MCEV princi-
ples apply to non-life insurance business. 

4.3.2 MCEV Principles for Non-life Insurance 

It has already been explained how the MCEV principles have emerged as an evolu-
tion of the EEV principles. To provide a better overview of these current MCEV 
principles they are outlined in the following.  
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I. Definition and Evaluation Approach 

1. Introduction 

2. Coverage 

3. MCEV Definitions 

4. Free Surplus 

5. Required Capital 

6. VIF 

7. Financial Options and Guarantees 

8. Frictional Costs of Required Capital 

9. CRNHR 

In the first part (principles 1 – 9), 
definitions and measurement ap-
proaches are presented, which 
are used for further calculation of 
the MCEV. The focus lies on the 
definition of the underlying com-
ponents of the MCEV63, which 
differ significantly from usual bal-
ance sheet items. For a subse-
quent transfer of the principles 
into the model, essential issues in 
the design of an adequate bal-
ance projection arise. 

 
Figure 116: Overview of MCEV Principles (1) 64 

 

In the first part of the principles definitions and evaluation approaches are specified 
whereas in the second part individual evaluation issues are treated. 

 

II. Individual Evaluation Issues 

10. New Business and Renewals 

11. Non Economic Projection Assumptions 

12. Investment Returns and Discount Rates 

13. Inflation and Smoothing 

14. Reference Rate 

15. Stochastic Models 

16. Participating Business 

In the second part individual 
evaluation issues are explained in 
detail with a focus placed on the 
distinction between in-force busi-
ness and renewals, as well as the 
handling of non-economic and 
economic model parameters. 

Figure 117: Overview of MCEV Principles (2) 65 

 

The last part of the principles deals with disclosure issues because of the fact that 
many insurance companies disclose their Embedded Value calculations. 

 

                                            
63 See chapter 4.1.3 
64 Based on Heep-Altiner (2012), p. 27 f. 
65 Based on Heep-Altiner (2012), p. 27 f. 
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III. Disclosure  

10. Disclosure The last part deals with the disclo-
sure rules of the MCEV, where 
problems arise especially with re-
gard to the balance projection. In 
Germany for instance, German 
GAAP is relevant for the profit de-
termination, while the MCEV prin-
ciples are based on the require-
ments of IFRS. Consequently, 
evaluation differences occur. 

Figure 118: Overview of MCEV Principles (3) 66 

 

The transmission of the Market Consistent Embedded Value approach to non-life 
insurance makes it necessary to carry out some adjustments for the application of 
the MCEV principles. Hereinafter, considerations are made in which form a trans-
mission to the non-life sector is possible, as they have been designed in the first 
place for life insurance only. 

 

Accounting Approach  

The notes to the CFO principles relate primarily to the IFRS accounting. However, 
IFRS is not established as general accounting principles for the MCEV. According 
to the CFO principles, all earnings after-tax, which are available for distribution have 
to be considered, taking all relevant local regulations into account. 

For insurance companies with reporting entity in Germany, the profit and loss ac-
count based on the provisions under German GAAP for the considered time horizon 
are crucial: Hereby explicitly stipulated is the inclusion of costs. 

For various positions within the German GAAP Balance of a non-life insurer, a 
transfer to a market value approach is necessary. Just as in life insurance, hidden 
assets and liabilities must be released and transferred from balance sheet assets at 
book value to the respective market values over time. 

  

Restriction to Classic Non-Life Insurance Business  

In the following, only the classical non-life insurance will be considered. This means 
that non-life insurance business analogue to life insurance business (e.g. accident 
insurance with premium refund = APR) is not considered. The targeted transfer 

                                            
66 Based on Heep-Altiner (2012), p. 27 f. 
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would be even more complex because of the different characteristics of life and 
non-life insurance, for instance regarding the longevity of the business. 

  

Present Value of Future Profits (PVFP)  

In consequence of the long-term consideration, the risk discount rate is of signifi-
cant importance. The mentioned premium adjustments and volatile developments 
caused by cancellation of insurance contracts are more likely to be expected in 
non-life insurance rather than in life insurance. 

  

Claims and Equalization Reserve  

The different accounting approaches between German GAAP and IFRS require 
transfers of Claims and Equalization Reserves as well. While claims reserves are 
listed both in the German GAAP and IFRS accounting, equalization reserves are 
not allowed in IFRS. The German GAAP Equalization Reserve is usually deter-
mined from the volatility of the underwriting result of the last 15 years according to a 
fixed algorithm. Therefore, market consistent assumptions for the Equalization Re-
serve must be made. Further assumptions have to be made how profits or losses 
are realized over time. 

Guarantees and Options  

Resulting from an usual one-year insurance period, guarantees and options only 
play a subordinate role in non-life insurance in comparison to life insurance. Long-
term capital market options except for the APR do not exist. Other options (extraor-
dinary termination rights etc.) can be considered as already included in the annual 
premium. For this reason, a consideration of guarantees and options for the MCEV 
in non-life insurance (according to current experts’ opinion) is largely obsolete. This 
eliminates the mandatory application of a stochastic method of valuation as re-
quested in the CFO principles, and hence, a deterministic approach seems to be 
appropriate for all the necessary transfers of the MCEV to non-life insurance. 
 
Cost of Capital (CoC)  

According to the CFO principles, the Costs of Capital are the costs of miscellane-
ous non-hedgeable risks within the MCEV (Cost of Residual non-hedgeable Risks, 
CRNHR), unless they are not included in market value positions or in the Frictional 
Costs of Required Capital. 

In non-life insurance the CRNHR denote the capital costs of the insurance company 
for reserve, premium and operational risks. While the CFO principles do not de-
mand a unique method to calculate the CRNHR the application of an economic cost 
of capital model seems to be reasonable. 
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The risk measurement is not specified either. For example, in non-life insurance the 
value-at-risk concept, a confidence level of 99.5% and an observation period of one 
year can be used. 

 

New Business, Renewals and In-Force Business  

The MCEV projects the existing portfolio over the period remaining. In current inter-
nal models for non-life insurance one subsequent year is projected where new 
business is also included. 

According to the definition of the MCEV, only renewals of existing business is con-
sidered in the evaluation of the insurance business where future new business is 
not included. In life insurance, this assumption is not crucial because of the long-
term nature of its contracts. But for non-life insurance, assumptions must be made 
on how the annual renewal of the existing business should be treated. Non-life in-
surance distinguishes between new and continued business: 
 

New business NB (meaning every new signing of a contract), is neglected 
in non-life insurance. In motor insurance, this implies that 
any change of vehicle is considered as new business. For 
household insurance a change of residence would be 
thought of as new business. 

Continued business CB is differentiated in an In-Force business at the begin-
ning of the consideration and in renewals. This distinction 
has no influence on the amount of the value but is required 
for the calculation later on in the text. 

 

In non-life insurance, the signing of the insurance contract is crucial for the determi-
nation of the value of the portfolio.  

Based on the portfolio in the initial year of the analysis, automatically renewed con-
tracts caused by a change in premium or other adjustments are attributed to the 
renewals. The following figure shows the differences between the In-force portfolio 
and renewals: 
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Figure 119: In-Force Business and Renewals 67 

 

In the first case, the contract is completed before the balance sheet date and thus 
before the date of the MCEV approach. Therefore, this insurance contract is attrib-
uted to the In-Force portfolio until the end of the reporting year. 

As can be seen in the second timeline, there is a renewal on the balance sheet 
date. The contract from the previous year is continued automatically, which implies 
that this contract is assigned to the renewals and influences the value of the con-
tinuing business. 

Looking at the third example, the signing of the contract took place before the bal-
ance sheet date. The contract is therefore attributed to the In-Force business, be-
ginning at the balance sheet date and ending at the maturity date. After that the 
contract will be allocated to the renewals. 

This distinction of the existing contracts is of enormous importance for the portfolio 
development in non-life insurance. For example, the portfolio value is influenced by 
the appropriate assumptions regarding the lapse rate and claims cost. These as-
sumptions must be made individually for every line of business, which also means a 
high reliance on uncertain planning assumptions and thus a dependency on the 
business policy of a company. 

In motor insurance the loss ratio may increase due to the loss of good risks. Politi-
cal factors could also lead to wrong assumptions, as they are derived from the past 

                                            
67 Heep-Altiner (2012), p. 48. 
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and therefore have no validity for the future. The scrapping premium of 2009 led to 
a significantly higher number of car sales. This would mean a higher portfolio loss 
as it was calculated for the Embedded Value. 

 

Model Shocks  

Model shocks are isolated changes in individual input parameters. They serve for 
the comprehension (sensitivity) and testing (plausibility) of the calculated MCEV. 
Especially sensitivities of the MCEV give a good first impression of its value drivers 
and critical success factors. For parameters that are strongly influenced subjec-
tively, such as the Cost of Capital this is vital. Especially, sensitivities have an 
added significance as they are published in the IFRS consolidated financial state-
ments68. 

In life insurance, predefined model shocks have to be applied, indicating a change 
in single calculation parameters. For non-life insurance, such model shocks are 
also necessary to achieve a better understanding of the dependency of the Embed-
ded Value to the various input parameters. 

Possible model shocks (among others), that could have a significant impact on the 
MCEV, are listed in the following: 

 

• Increase of Costs of Capital, 

• increase of Tax rate, 

• Increase of Cost Ratios, 

• Change in the Risk Discount Rate, 

• Increase of Administrative Costs, 

• Premium reductions as well as 

• Change in Claims Reserves. 

 

The general approach to calculate an Embedded Value in non-life insurance is ex-
plained in the next section. 

4.3.3 General Approach 

In the figure below it is illustrated how the MCEV can be derived as a balance sheet 
projection over the total projection horizon. The illustration is based on German 
GAAP, but it is applicable to other generally accepted accounting principles, too. 

                                            
68See IFRS 4, 39A. 
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Figure 120: German GAAP Balance Projection for the MCEV Calculation 69 

 

In a first modelling step, starting with the balance at t = 0, a Free Surplus or in a 
worst case scenario a Free Deficit, is realized as an immediate extraordinary pay-
out. Thus, the company keeps the Required Capital at Market Value afterwards. 
The extraordinary payout takes place through a realization of hidden reserves or 
liabilities affecting the net income as well as a withdrawal or injection of capital with 
respect to the difference between balance equity and Required Capital without af-
fecting the net income. 

After the extraordinary payout, the remaining Required Capital is invested risk-free 
with the result that no hidden reserves will exist in the following periods. In transition 
to every further period, the balance will be adjusted due to changes in the Profit and 
Loss Account and the withdrawal of free Required Capital. 

At the starting point of the projection no extraordinary payout happens for potential 
hidden reserves on liabilities as these are disclosed over time. Due to the projec-
tions the Required Capital as well as the liabilities are reduced over time. 

                                            
69 Heep-Altiner (2012), p.54. 
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To get to the Embedded Value, the present value of all profits and losses and all 
capital withdrawals will be calculated on the basis of the interest rate curve adjusted 
by the CRNHR. 

4.4 Embedded Value in Non-life Insurance – Calculat ion Example 

The aim of this section will be a presentation of the methodical approach to the de-
termination of the MCEV using a fictitious insurance company - the so-called 
“Feldafinger Brandkasse” (FBK). 

Initially, the fictitious model-company will be introduced including its balance and all 
relevant input parameters, which are needed to determine the MCEV. Followed by 
a few calculation examples, the transition to the MCEV will be outlined using the 
calculated key ratios. A comparison between the MCEV and the economic capital 
will sum up this section. 

4.4.1 Example Company 

Starting point of the fictitious insurance company is the following German GAAP 
balance for the FBK. 

 

                              Assets                                Liabilities

Book Values Assets 236,139 48,236 German GAAP Equity
     Assets back ing SHE 48,236
     Assets back ing Liab. 187,903 187,903 Book Values Reserves

153,952      Claims Reserves
33,951      Equalization Reserve

Tax Receivables 0 0 Tax Reserve

236,139 236,139  

Figure 121: German GAAP Balance at t = 0 70 

 

All investments are split virtually into Assets Backing Liabilities (ABL) and Assets 
Backing Shareholders Equity (ABSE). The book values of ABL with an amount of 
187,903 cover the technical provisions. The ABSE amounts to 48,236 and cover 
the German GAAP equity. Both, ABSE and ABL are assumed to be invested in risk-
free zero bonds with redundancies / deficiencies according to the selected yield 
curve. Moreover, the FBK is subject to a tax rate of 32%. The German GAAP bal-
ance sheet of the FBK serves as the starting balance for the projection of surpluses 
in the projection model. 

The next figure lists all relevant input data, such as reserves and premiums, which 
are crucial for the MCEV determination. It also displays the German GAAP balance 

                                            
70 Heep-Altiner (2012), p.57. 
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with book values at t = 0. Besides this, the fictitious company has only two lines of 
business, third-party motor vehicle insurance and homeowners insurance. 

 

Position Third Home Total
Party Owners

Earned Premiums 92,218 37,485 129,703

Book Value Claims Reserve 142,839 11,113 153,952
Best Estimate Claims Reserve 88,331 7,043 95,374

in % of Booked Claims  Reserves 61.8% 63.4% 62.0%

Book Value Equalization Reserve 26,863 7,088 33,951
in % of Booked Claims  Reserves 18.8% 63.8% 22.1%

Book Value Technical Reserve 169,702 18,201 187,903

Book Value Assets 236,139
Redundancy / Deficiency in % 2.0%

German GAAP Equity 48,236  

Figure 122: Input Data – Example Company 71 

 

Concerning the Best Estimate Reserves of the existing business (evaluated by suit-
able mathematical algorithms) and the claims experience of the new business the 
following cash flow assumptions apply: 

 

1 2 3 4 5 6
Old Reserve 26.76% 20.02% 14.56% 10.59% 7.70% 5.60%
New Business 68.54% 10.62% 7.04% 4.66% 3.09% 2.05%

Cash-Flow in % after  … Years

 

Figure 123: Cash Flow Pattern at t = 0 72 

 
Additionally, there is a further need of input parameter to carry out a MCEV projec-
tion, especially 
 

• global parameters, 

• projection information  and 

• Required Capital information including Costs of Capital information. 

                                            
71 Heep-Altiner (2011), p.124. 
72 Heep-Altiner (2012), p.59. 
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The global parameters comprise a risk-free yield curve where the implicit forward 
rates can be deducted from the spot rates as illustrated in the following table. 

 

0 1 2 3
Spotrates 3.92% 4.70% 4.53% 4.51%
Forw ardrates 4.70% 4.36% 4.48%

Duration

 

Figure 124: Yield Curve at t = 0 73 

 

Concerning the asset structure at t = 0, it is assumed that the FBK has only in-
vested in risk-free zero bonds with the following characteristics: 

 

average duration of fixed income securities    4,57 

average interest rate of fixed income security   5.00% 

hidden reserves in the book values at t=0   2.00% 

investment costs in % of the market values    0.20% 

 

The hidden reserves of 2.00% result with respect to the chosen yield curve. The 
percentage of hidden reserves would change, if it were based on a different yield 
curve with different interest rate structures. 

Further input parameters are needed to determine the Required Capital, which is 
needed to generate the MCEV of the fictitious company. The following assumptions 
are made: 

 

• Parameter with respect to the SCR calculation, 

• 175% coverage due to Rating Requirements, 

• CoC Ratio of 6% with respect to the Solvency Capital. 

 

The determination of the SCR is based on the QIS 5 study74. Premium risk, reserve 
risk and the correlation between both risks depend on the internal model of the 
FBK. 

In the following, the MCEV projections are carried out only for the existing business 
in order to be consistent with the usual definition of economic capital in non-life in-
                                            
73Heep-Altiner (2012), p.61 
74For more information see https://eiopa.europa.eu/consultations/qis/insurance/quantitative-impact-
study-5/index.html 
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surance. Furthermore, we consider a “virtual” run-off (e.g. within other business op-
erations) such that only claims regulation costs (covered in the Best Estimate Re-
serves) and investment costs occur, but no operational costs for new business. Op-
erational costs are not included in the projections. 

The projected development of the Claims Reserves (German GAAP as well as Best 
Estimate) and the Equalization Reserves is illustrated in the following figure. 

 

Position
0 1 2 3

Total Payments 25,518 19,095 13,887
BE-Reserve 95,374 69,855 19,095 36,873
German GAAP Reserve 153,951 112,760 50,761 59,520
Operational Expenses 0 0 0 0
Equalization Reserve 33,951 24,867 18,070 13,126

Value

 

Figure 125: Projection of Reserves without Renewals 75 

 

The projected German GAAP Reserves result from the projected Best Estimate 
Reserve (according to its cash flow pattern) after application of the initial over-
reserving percentage (according to the defined management rules), especially 

 

German GAAP Reserve (t) = BE-Reserve (t) · Over-reserving-Rate (t) 

 

The projected Equalization Reserve results from the projected German GAAP Re-
serve after application of the Equalization Rate, especially: 

 

Equalization Reserve (t) = German GAAP Reserve (t) · Equalization Rate (t) 

 

After those reserve projections the projection of the RC and the CRNHR can be 
performed. 

4.4.2 Net Asset Value 

In this section, the Net Asset Value (as a sum of the Required Capital and the Free 
Surplus) will be calculated on the base of the previously specified input parameter 
of the FBK. 

 

                                            
75 Heep-Altiner (2012), p.73. 
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Required Capital  

According to the management rules of the FBK, the Required Capital is the maxi-
mum of the 

 

• Required Capital to cover the SCR & MCR according to Solvency II and the 

• Required Capital to cover the solvency margin according to Solvency I with a 
required 175% overload. 

 

The figure below shows the projection of the Required Capital for several years: 

 

Position
0 1 2

(1) Market Value ABL 191,666 139,997 101,092
(2) Discounted BE Reserve 83,454 61,263 44,426
(3) Projection of Risk Margin 3,454 2,514 1,815
(4) SCR incl. 175% Overload 32,130 23,586 17,104
(5) Required Capital = MAX[(2)+(3)+(4)-(1);0] 0 0 0

Period

 

Figure 126: Required Capital without Renewals (1) 76 

 

Required Capital to cover the SCR  is only needed if the hidden reserves are insuf-
ficient to cover the Solvency II requirements. As shown above the ABL market val-
ues are sufficient to meet Solvency II requirements such that there is no capital re-
quired due to this aspect. 

Furthermore, Required Capital to cover the MCR  should be calculated. The MCR 
is set as 50% of the SCR based on Solvency II: See the next figure. 

 

Position
0 1 2

(1) SCR 18,360 13,478 9,774
(2) MCR  = (1) · 50% 9,180 6,739 4,887
(3) Required Capital  = (2) 9,180 6,739 4,887

Period

 

Figure 127: Required Capital without Renewals (2) 77 

 

As a next step, the Required Capital according to Solvency I  in combination with a 
required coverage of 175%  is calculated as 

                                            
76 Heep-Altiner (2012), p.77. 
77 Heep-Altiner (2012), p. 78. 
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Required Capital  = 175% · MAX [Premium-Index; Claims-Index; 2,200]. 

 

The projections of the Required Capital due to Solvency I with a coverage of 175% 
are listed in the figure below. 

 

Position
0 1 2

(1) Premium Index 21,814 0 0
(2) Claims Index 24,236 15,327 6,337
(3) Solvency Margin  = MAX [(1);(2);2,200] 24,236 15,327 6,337
(4) Required Capital  = 175% · (3) 42,412 26,823 11,090

Period

 

Figure 128: Required Capital without Renewals (3) 78 

 

Finally, all the three steps have to be combined in order to determine the Required 
Capital in total to fulfil all solvency and rating requirements of the company: See the 
figure below. 

 

Position
0 1 2

(1) Required Capital SCR 0 0 0
(2) Required Capital MCR 9,180 6,739 4,887
(3) Required Capital Silvency I 42,412 26,823 11,090
(4) Required Capital  = MAX[(1);(2);(3)] 42,412 26,823 11,090

Period

 

Figure 129: Required Capital without Renewals (4) 79 

 

The value of the total Required Capital decreases quickly with respect to the given  
run-off Scenario. At t = 3 the value of the Required Capital already amounts to the 
minimum. As a result, the fictitious insurance company needs a Required Capital of 
42,412 for all underwritten risks in t = 0. 

 

Free Surplus  

The Free Surplus is the second component determining the Net Asset Value. In the 
balance at t = 0, an initial German GAAP equity of 48,236 is given. From this start-
ing point, the Free Surplus can be calculated by the following approach: 

 

                                            
78 Heep-Altiner (2012), p. 78. 
79 Heep-Altiner (2012), p. 79. 
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• The initial German GAAP equity includes 2% of hidden asset reserves (= 
996). By realizing those reserves a tax of 32% has to be paid, which results 
in an after-tax value of 657. 

• The difference between the initial German GAAP equity and the Required 
Capital can be treated as a tax-free capital withdrawal. The difference 
between both values is 5,824 = 48,236 – 42,412. 

 

If we combine all calculations carried out in this section we obtain the following Net 
Asset Value of the FBK: 

 

Free Surplus  =   5,824 + 657 

=   6,481 

 Required Capital = 42,412 

 Net Asset Value = 48,893 

 

Next, the Value of In-Force Business of the FBK will be calculated by carrying out 
the German GAAP balance sheet projections over the projection period. 

4.4.3 Value of In-Force Business 

Calculating the Value of In-Force Business depends on different economic parame-
ters. One way to calculate the VIF is to calculate the Present Value of Future Profits 
and subtract the sum of Costs of Residual Non-Hedgeable Risks, the Time Value of 
Options and Guarantees and the Frictional Costs. Another way is shown in the fol-
lowing figure illustrating the projection results at t = 1. 

 

Position Value

(1) Total Result after Capital Removal 40,156
(2) Cost of Capital 1,102
(3) Free Surplus 0
(4) Reproduction of Required Capital 17,581
(5) VIF  = (1) - (2) - (3) - (4) 21,474  

Figure 130: VIF Result at t = 1 without Renewals 80 

 

The projection of all discounted VIF results over the projection period results in a 
total VIF of 67,527. 

                                            
80 Heep-Altiner (2012), p.105. 
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The Total Result after Capital Removal consists of profits in the financial year and 
the capital withdrawal or respectively the capital injection. 

Apart from this, the reproduction of Required Capital (within the Total Result) con-
sists of two components, 

 

• the capital withdrawal of free Required Capital at the end of the period and 

• the risk-free interests on the Required Capital at the beginning of the period. 

 

If is relatively simple to calculate the VIF in this way, because it corresponds per-
fectly to a balance sheet projection. In contrast, the calculation of the PVFP is rela-
tively artificial, because it corresponds to a “virtual” profit & loss treatment only on 
the base of the liabilities. Therefore, for the FBK we have calculated the PVFP of 
the FBK starting from the VIF. 

 

Present Value of Future Profits  

Calculating the PVFP on the base of the VIF we obtain the following equation: 

 

PVFP = VIF + TVOG + CRNHR + FC 

 = 67,527 + 0 + 3,454 + 1,848 

 = 72,828 

The single components of this equation are explained in the following. 

 

Time Value of Options & Guarantees  

Due to the initially outlined model assumptions, the Time Value of Options and 
Guarantees at t = 0 is zero (according to the general properties of non-life busi-
ness). 

 

Cost of Capital  

The CRNHR calculation is based on a 6% CoC rate and a discount by the given 
yield curve, see the following figure: 
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Position Sum
0 1 2

(1) Discounting Factor 100.00% 95.51% 91.53%
(2) Total SCR 18,360 13,478 9,774
(3) Cost of Capital  = (2) · 6% 1,102 809
(4) CRNHR  = (3) · (1) 3,454 1,052 740

Period

 

Figure 131: CRNHR without Renewals 81 

 

For a given projection period we have projected the Total SCR such that we obtain 
for instance for the period t = 1 the following discounted value: 

 

CRNHR1 = 18,360 · 100% · 6% · 95.51% = 1,052. 

 

The sum of the discounted values for all periods ends up with an amount of 3,454 
for the CRNHR. 

 

Frictional Costs  

The Frictional Costs consist of the expenses for the ABSE and the tax of the non-
technical result for ABSE. Each value for a given period will be discounted due to 
the specified yield curve. The Frictional Costs equal the sum of all discounted val-
ues. 

The ABSE expenses are obtained by application of the investment costs ratio of 
0.20% to the Required Capital at the beginning of a period. 

The non-technical result of each period is obtained by application of the forward 
rate to the Required Capital at the start of the period. Consideration of the tax rate 
of 32% results in the second part of the Frictional Costs. To summarize: 

 

FC = Expenses ABSE + Tax on Non-technical Result on ABSE 

 = 226   + 1,622 

 = 1,828 

 

After having explained all components, the calculation of the PVFP is now fully ex-
plained. 

                                            
81 Heep-Altiner (2012), p.76. 
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4.4.4 Market Consistent Embedded Value 

After having explained the different components of the MCEV, the evaluation of the 
MCEV of FBK will be described in more detail. The following figure illustrates the 
German GAAP profit and loss account in the first projection year. 

 

Position Value Comment

(1) Earned Premiums 0  = Run-Off Scenario
(2) Claims Expenses -15,673  = (2a) + (2b)
      a) Claims Payments 25,518  = Portfolio Development
      b) Change of Claims Reserve -41,192  = Portfolio Development

(3) Underwriting Expenses 0  = Run-Off Scenario
(4) Change of Equalization Reserve -9,084  = Portfolio Development
(5) Technical Result 24,757  = (5a) + (5b)
      a) Liquid Balance -25,518  = (1) - (2a) - (3)
      b) Change of Technical Reserve 50,276  = (2b) -  (4)  

Figure 132: Technical Result without Renewals 82 

 

The company generates a positive technical result in the Run-Off Scenario, but the 
value of the liquid balance is negative because of the absent premium income. Fur-
thermore, the fictitious company has an income as a result of change in technical 
reserves due to the release of redundancies. 

To complete the profit and loss projection for the first period it is necessary to illus-
trate the non-technical result for the FBK. The next figure shows the complete non-
technical calculation for the first period. 

 

Position Value Comment

(6) Asset Income 10,795  = (6a) + (6b) + (6c)
      a) Income ABSE 1,992  = RC · FWR
      b) Income ABL 9,395  = Book Values PY * Book Income
      c) Dis- / Investment Liquid Balance -592  = (5a) · ((1 + FWR) 0,5 - 1 )
(7) Asset Expenses 443  = (7a) + (7b)
      a) Expenses ABSE 85  = RC · 0,2%
      b) Other Expenses 358  = Average (ABL) · 0,2%

(8) Extraordinary Income 1,018  = ((8a) + (6b) - (8b)) · (8c)
      a) PV ABL at t=0 187,903  = According to Projection
      b) PV ABL at Expiration 137,627  = According to Projection
      c) Hidden Reserves / Liabilities 1.71%  = According to Projection

(9) Non Technical Result 11,359  = (6) - (7) + (8)  

Figure 133: Non-technical Result without Renewals 83 

 

                                            
82 Heep-Altiner (2012), p. 80. 
83 Heep-Altiner (2012), p. 81. 
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The next figure illustrates the total result of the profit and loss account for the first 
period after capital withdrawal of free Required Capital. 

 

Position Value Comment

(10) Total Result 36,128  = (5) + (9)
      a) Non Technical Result for ABSE 1,907  = (6a) - (7a)
      b) Technical Result 34,221  = (10) - (10a)
(11) Tax Result 11,561  = (11a) + (11b)
      a) Non Technical Tax Result ABSE 610  = (10a) · (11c)
      b) Technical Tax Result 10,951  = (10b) · (11c)
      c) Company Tax Rate 32%  = According to Model

(12) Annual Surplus / Deficit 24,567  = (10) - (11)
(13) Capital Removal 15,589  = RC(t) - RC(t+1)
(14) Total Result after Capital Removal 40,156  = (13 ) + (14)  

Figure 134: Total Result without Renewals 84 

 

The previous calculations are MCEV components of the fictitious company. This 
leads to the following MCEV result of 39,055 for the first period. 

 

Position Value Comment

(15) Immediate Free Surplus 0  = First Period
(16) Reproduction of Required Cpital 17,581  = (16a) + (16b)
      a) Capital Removal 15,589  = (13)
      b) Risk Free Interest Rate 1,992  = (6a)

(17) Value of in Force Business 21,474  = (17a) - (17b) - (17c)
      a) = PVFP 23,270  = (14a) + (17c) - (16)
      b) Target Additonal Div idend 1,102  = According to Projection
      c) Fr ictional Costs 695  = (7a) + (11a)
(18) MCEV Result 39,055  = (3) + (4) + (5)  

Figure 135: MCEV Result without Renewals 85 

 

At this point the Free Surplus should be considered.86 The FBK total MCEV reflects 
the present value of the whole projection time. By using the discounting factors of 
the yield curve the MCEV in the Run-Off Scenario is determined as followed: 

 

MCEV   = Free Surplus  

+ Required Capital + Value of In-Force Business 

   = 6,481 + 42,412 + 67,527 = 116,240.  

                                            
84 Heep-Altiner (2012), p. 82. 
85 Heep-Altiner (2012), p. 82. 
86See chapter 4.3.2. 
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In the next section, the MCEV will be compared with the traditional concept of eco-
nomic capital in non-life insurance.  

4.4.5 MCEV versus Economic Capital 

The previous sections focused on the calculation of the different MCEV compo-
nents. Based on the evaluated results, a comparison between the deterministic 
MCEV without renewals at t = 0 and the deterministic economic capital is described 
below. These explanations should inspire a discussion about the advantages and 
disadvantages of the different evaluation approaches for an insurance company’s 
economic capital. 

The IFRS accounting guidelines focus on investors interests in contrast to the Ger-
man GAAP guidelines. The German GAAP equity of 48.236 was already discussed 
above.87 The use of IFRS principles results in a higher equity which is illustrated in 
the following figure.  

 

Fair Value Assets 240,868 114,371 IFRS Equity
Assets back ing SHE 114,371 42,412 Required Capital
Assets back ing Liabilities 126,496 71,959 Excess Capital

95,374 Best Estimate Reserve
95,374 Claims Reserve

31,123 Tax Reserve

Total 240,868 240,868 Total

Assets Liabilities

 

Figure 136: IFRS Balance at t = 0 88 

 

The Fair Value approach for assets generates a higher value because of a direct 
realization of hidden reserves. The recognition of reserves according to German 
GAAP is significantly more restrictive than in IFRS. An adjustment of the liabilities is 
based on the best estimate approach for reserves and the prohibition of an Equali-
zation Reserve. Because of the 32% individual companies tax rate reserves have to 
been set up. 

The economic balance sheet is characterized by market values. In contrast to IFRS, 
the Fair Value approach for reserves is based on a discounted best estimate calcu-
lation including a safety margin. 

  

                                            
87See chapter 4.3.1. 
88 Heep-Altiner (2012), p.158. 
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Market Value Assets 240,868 120,342 Market Value Equity
Assets back ing SHE 120,342 42,412 Required Capital
Assets back ing Liabilities 120,526 77,929 Excess Capital

86,594 Fair Value Reserve
83,454 Claims Reserve
3,140 Reserve Margin

 33,932 Tax Reserve

Total 240,868 240,868 Total

Assets Liabilities

 

Figure 137: Economic Balance at t = 0 89 
 

In IFRS, the fictitious company accounts assets at Fair Value. In the economic bal-
ance the liabilities are also determined via Fair Value using a discounted best esti-
mate modelling approach (Mark-to-Model). 

The Fair Value Reserve of 86,594 results in the discounted best estimate claims 
reserve of 83,454 and the reserve margin of 3,140. Because of a larger realization 
of hidden reserves, the economical tax reserve is higher than the IFRS tax reserve. 

The reserve modelling is based on a present value approach. Therefore, high lev-
elled durations have a significant effect on discounting rates and lead to a bigger 
reserve realization than in IFRS. The safety margin has an increasing effect on the 
Fair Value Reserves. Because the margin only covers reserve risk and does not 
consider other types of risk, the increasing effect is limited. 

A critical aspect is the assumption of a deep and liquid market in the economic 
evaluation. All assets and liabilities could be disposed during the whole time. Be-
cause of market illiquidity, this consideration seems to be unrealistic. Therefore an 
illiquidity premium especially for liabilities should be taken into account. 

Based on the German GAAP projection already carried out, the deterministic MCEV 
is represented in the following figure: 

 

                                            
89 Heep-Altiner (2012), p.159. 
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Fair Value Assets 240,868 116,420 MCEV
Assets back ing SHE 116,420 6,481 Free Surplus
Assets back ing Liabilities 124,448 42,412 Required Capital

67,527 Value in Force

  89,867 Fair Value Liabilities
83,454 Technical Result
3,454 CRNHR
1,111 Asset Management
1,848 Frictional Costs

0 TVOG
  34,581 Tax Reserve

Total 240,868 240,868 Total

Assets Liabilities

 

Figure 138: MCEV at t = 0 without Renewals (1) 90 

 

According to the CFO requirements, this figure illustrates some net positions, espe-
cially with respect to taxes. This results to a tax reserve which is not based on the 
company tax rate for the realisation of hidden reserves according to German GAAP 
balance at t = 0. The following figure corresponds to the usual consideration of 
modifying the German GAAP balance with respect to an alternative valuation ap-
proach. 

 

FV Assets after Extraordinary Income 240,868 116,420 MCEV
6,481 Free Surplus

42,412 Required Capital
67,527 Value in Force

FV Income Risk Free Return of the RC 5,294 8,748 Dividends
5,294 Reproduction of RC
3,454 CRNHR 

84,791 FV Liabilities
83,454 Technical
1,337 Total Asset Management

  36,203 Tax Reserve

Total 246,162 246,162 Total

Assets Liabilities

 

Figure 139: MCEV at t = 0 without Renewals (2) 91 

 

In this balance, the future interest income on RC is activated to reproduce the Re-
quired Capital based on the deterministic yield curve at t = 0. The total costs for 
asset management are not presented as a netted value on the liability side. More-
over, the value of the tax reserve in comparison to the German GAAP Equity can 
be calculated as 

                                            
90Heep-Altiner (2012), p.160. 
91Heep-Altiner (2012), p.161. 
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36,203  = (246,162 – 84,791 – 48,236) · 32%. 

 

The main differences between the MCEV balance at t = 0 and the economic bal-
ance t = 0 can be described as followed: 

 

• Extra Frictional Costs were adapted from the realization over the time. These 
costs will decrease gradually due to the reduction of the Required Capital. 

• The capital costs increase because operational risks are covered, too. 

• Additional investment cost  is caused by the ABL realization over time. 

 

The different approaches of German GAAP, IFRS, economic capital and MCEV are 
compared in the following table. 

 

IFRS MCEV

Assets 236,139 240,868 240,868 240,868
Liabilities 187,903 95,374 86,594 89,867

Technical Result 153,951 95,374 83,454 83,454
Equalization Reserve, Reserve Margin , CRNHR 33,951 0 3,140 3,454
Frictional Costs 0 0 0 1,337
Asset Management 0 0 0 1,111
Options and Guarantees 0 0 0 0

Tax Reserve 0 31,123 33,932 34,581

Equity 48,236 114,371 120,342 116,420
in % of the economic capital 40.08% 95.04% 100.00% 96.74%

German 
GAAP

Market 
Value

 

Figure 140: Equity Comparison at t = 0 92 

 

The differences can essentially be attributed to diverging valuation of the liabilities, 
whereas the differences in asset valuation are rather insignificant. The German 
GAAP Balance disposes a small Equity value because of higher technical reserves. 

As seen in the figure above, the valuations according to the other approaches are 
more comparable to each other. 

The reserve values of the Economic and the MCEV Balance are discounted in con-
trast to the IFRS reserve. This leads to lower liabilities and higher equity. The dis-
counting effect is modified by the cost and risk margin consideration. Therefore, the 
MCEV is not essential higher than the IFRS Equity. 

                                            
92 Heep-Altiner (2012), p.162. 
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4.5 Conclusion 
The insurance business, and in particular life insurance, is a long-term business. 
Insurance companies cover and manage the risk of their customers, which makes a 
value- and risk-oriented steering absolutely necessary. 

While the Embedded Value is well established in life insurance, so far non-life in-
surance companies have not gained much experience using this approach to 
evaluate companies’ economic capital. The reasons for this are addressed in the 
short period of non-life insurance contracts and their low dependency on capital-
markets regarding options and guarantees. Indeed, these characteristics allow 
rapid responses to market changes with the result that they can be factored into the 
insurance premium. But this complicates the long-term forecasts of trends in portfo-
lio development. 

Currently non-life insurers use standard internal models which reflect the stochastic 
development of the economic capital during a financial year. The observation hori-
zon is one year and usually includes new business. These internal models are more 
appropriate for value-based management in non-life insurance. 

The Embedded Value is strongly affected by the underlying assumptions. In particu-
lar, the interest rate has a tremendous leverage within a long-term view. But also 
changes in the composition of the portfolio, customer behaviour and political influ-
ences could strongly affect the MCEV considerations. 

It should also be noted that due to the annual terms and the existence of price cy-
cles, the parameters assumed for the multi-year projections of the MCEV should be 
checked intensively. 

In summary, it can be ascertained that the Embedded Value can be determined in 
principle for non-life insurance - this is mainly due to the fact that these models can 
be created using input data which are typically required for internal models as well. 

However, it is critical to note that reliable MCEV calculations require extremely hard 
work. One could therefore question of whether costs and benefits bear a reason-
able relationship to each other. 

Also, there may be a problem in the requirements of the MCEV if it was to hold for 
both internal management and external communication. There will always be a tar-
get conflict to the effect that unfavourable trends should be detected and evaluated 
at an early stage, while only stable figures should be shown to the public. For non-
life insurance the MCEV should therefore mainly be used for internal steering. 

Nevertheless, one must keep in mind that even the MCEV is only a snapshot. As a 
result of the volatility of the market data, it cannot serve as the sole basis of man-
agement decisions. But still, it represents important information for management 
and stakeholders. 
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Especially the large holding companies are striving for a unified model to aggregate 
the internal models in life and non-life insurance. In this context, the Embedded 
Value could play an important role in the future of non-life insurance. 
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Glossary 
 
Acquisition Costs   
The total costs for a firm to gain a new client or customer. The acquisition costs in-
clude marketing, networking, and other associated costs for example, commissions 
paid to a broker or fronting company. 
 
Administration Costs 
The costs of general services and management (such as accounting, contracting 
and industrial relations). 
 
Allocation of Capital 
Allocation of the risk-based capital demand to different segments. 
 
Amount of Coverage 
The amount of coverage is the difference between the present value of the pro-
spective premiums and the present value of the prospective liabilities. It can be 
positive as well as negative. 
 
Appraisal Value 
Can be used to measure the financial performance of insurance companies. The 
Appraisal Value is based on a projection of future cash flows of an entity from its 
current and future operations. 
 
Bernoulli Distribution 
A distribution used to describe random events with only two possible outcomes: the 
random event (success) and its complementary event (failure). 
 
Capital Allocation 
See: Allocation of Capital. 
 
Capital Costs 
Costs which occur by supplying the required capital. 
 
Cash Flow  
Balance of effective revenues and expenses in a period. 
 
Chain Ladder Model 
This is a model which estimates the reserve for the prospective years by the means 
of a run-off triangle. 
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Claims Settlement Costs  
The costs that occur when a claim has to be handled and settled. 
 
Combined-Ratio   
Claims payments and expenses in relation to premium; important indicator for de-
termining the profitability of a segment. 
 
Cost of Capital Ratio 
It is the minimum interest rate which is required by the investor according to the 
risk. An insurance company requires this for allocating capital. 
 
Cost of Residual Non-hedgeable Risks 
Consist mainly of the Cost of Capital unless they were already considered in the fair 
values. 
 
Degree of Fulfillment 
Ratio between observed and required profitability. 
 
Deterministic Capital 
Capital which is not simulated. 
 
Diversification Effect  
Effect of risk reduction due to volume enlargement. 
 
Duration 
Average time of payment. 
 
Embedded Value 
Common valuation method used especially for life insurance. It is calculated by 
adding the adjusted net asset value and the value of in-force business of the com-
pany. 
 
European Embedded Value 
Explicit rules for the determination of an Embedded Value developed in 2004 by the 
CFO-Forum. 
 
Excess 
The amount above a pre-determined specified value. 
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Extra Dividend 
The dividends companies should pay the shareholders as compensation for their 
risk of losing capital. Usually the percentage relative to the capital required will be 
fixed by the management. 
 
Frictional Cost of Required Capital 
Taxation and investment costs on the assets backing shareholder equity. 
 
Free Surplus 
Market value of the capital allocated to the covered business but not required to 
support the in-force covered business at the valuation date together with valuation 
reserves. 
 
Interest Rate 
This is a rate which is charged or paid for the use of money over time. 
 
Lognormal Distribution 
A distribution with parameters µ (expectation value) and σ (standard deviation) 
which is normally distributed after logarithmic transformation. Only positive values 
will occur. 
 
Market Consistent Embedded Value 
Advancement of the European Embedded Value. 
 
MCR 
The Minimal Capital Required (MCR) is the least amount of capital the authorities 
require to continue the insurance business. In comparison to the Solvency Capital 
Required (SCR) it is lower. 
 
Net Asset Value (NAV) 
Book value of the equity adjusted by the valuation reserves. The NAV is divided into 
the Required Capital and the Free Surplus. 
 
Non-proportional Reinsurance 
A type of reinsurance where a reinsurer covers risks on a non-proportional base. 
 
Ordinary Profit and Loss (P&L) 
The ordinary P&L consists of the technical result (e.g. underwriting risk) and the 
non-technical result (e.g. asset risk). 
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Overall-Risk 
The Overall Risk is the risk that occurs at the overall level and that considers diver-
sification and concentration effects. To measure the overall risk, the single risks 
have to be aggregated. 
 
Present Value 
Current value of incoming and outgoing payments after discount. 
 
Private Equity 
Private equity is an asset class consisting of equity securities in operating compa-
nies that are not publicly traded on a stock exchange. 
 
Probability of Loss 
The likelihood that a certain event/claim will occur. 
 
Required Capital 
Capital which is needed to bear risk. 
 
Reserve (Non-life) 
Insurers have to set a reserve for incurred claims which have not yet been (com-
pletely) settled. 
 
Return on Equity 
The ROE is an index to analyze the profit situation within a financial year: It is the 
quotient of Net income (after tax) divided by the shareholder equity. 
 
Risk Discount Rate 
Rate that shareholders demand for providing capital to the insurance company cor-
responding to an appropriate (risk) return on the invested (risk-based) capital. 
 
Risk-free Rate 
Rate for risk-free investments. 
 
RORAC 
Return on risk-adjusted capital.  
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