
Critical analysis of the capital requirements in non-life insurance 

under Stop-Loss reinsurance contracts in the Solvency II 

framework 

 

 

 

 

 

 

 By Léonard Vincent 

 

Master Thesis in Actuarial Sciences 

Hansjoerg Albrecher and Frank Cuypers supervised this thesis 

 

 

 

 

 

 

 

 

 

Université de Lausanne 

HEC 

August 2016  



Page 2 of 42 

 

Abstract 

Solvency II is an European Union legislation and applies since the January 1, 2016. Its main 

objective is to ensure that insurance and reinsurance undertakings remain solvent, mainly by 

asking them to detain a minimum amount of capital, that is: the Solvency Capital 

Requirement. 

There are several pre-defined techniques to compute the Solvency Capital Requirement. 

These techniques are sometimes surprising: for example, in non-life insurance, if an insurance 

or reinsurance undertaking takes a non-proportional reinsurance coverage, then some 

techniques take it into account only by reducing the Solvency Capital Requirement by 20%, 

whatever the non-proportional reinsurance coverage is. 

While there are many more possible examples, we focus on this one in this thesis. Hence, we 

studied the way the Solvency Capital Requirement is influenced by non-proportional 

reinsurance under the different available computation methods. More specifically, we focus 

on the link between the non-life premium part of the Solvency Capital Requirement and Stop-

Loss reinsurance contracts.  
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1. Introduction 

1.1.  Solvency II 

Solvency II (SII) is a European Union (EU) legislation about the insurance industry. It 

applies since January 1 2016. SII framework mainly aims to ensure that insurance and 

reinsurance undertakings running their business in the EU detain enough capital in order to 

keep their insolvency risk at a very low level. If an insurance or reinsurance company satisfies 

to the criteria of the legislation, it obtains the right to run its business in every EU country. 

SII legislation is built on a three pillar approach: 

- Pillar 1 consists of the quantitative requirements, mainly the amount of capital an 

insurance or reinsurance undertaking must hold (which is called the Solvency Capital 

Requirement, hereafter SCR), depending on several quantitative inputs 

- Pillar 2 consists of the qualitative requirements, about the governance and the risk 

management inside the company 

- Pillar 3 focuses on disclosure and transparency requirements 

It is composed by several texts, with the following leveled structure
i
:  

- Level 1: 

o Directive 2009/138/EC of 25 November 2009 (Solvency II): legislation which 

sets the general framework 

o Directive 2013/58/EU of 11 December 2013: postponed the application date of 

Solvency II, from 1 January 2014 to 1 January 2016 

o Directive 2014/51/EU of 16 April 2014 (Omnibus II): adaptation of Directive 

2009/138/EC 

- Level 2:  

o Delegated Regulation 2015/35 of 10 October 2014: specifies the implementing 

measures of Solvency II and Omnibus II 

- Level 2.5 and higher: European Insurance and Occupational Pensions Authority 

(EIOPA) issues legally non-binding documents, such as  

o Regulatory Technical Standards: aim the consistent harmonization of rules in 

the EU legislative acts 

o Implementing Technical Standards: aim the uniform application of legally 

binding EU acts  
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o  Guidelines: offer a way to deal with different issues 

o Quantitative impact studies and impact assessment:  are carried out to help 

determine the quantitative requirements for new solvency rules 

1.2.  Solvency Capital Requirement 

The SCR is the minimum amount of capital (or basic own funds) that an insurance or 

reinsurance undertaking (hereafter undertaking) must hold in order to be and remain 

authorized to conduct its business in the EU. An undertaking whose capital is smaller than its 

SCR can lose its authorization of conducting its business if it fails to recover within six 

months (or more under particular conditions)
ii
. The computation of the SCR is based on a 

Value-at-Risk measure, which we will see in more detail later. SII allows several computation 

methods for the SCR. 

1.3.  Non-Proportional Reinsurance 

Reinsurance treaties can be separated into two categories: proportional and non-proportional. 

The main types of non-proportional reinsurance are known as Stop-Loss and Excess-of-Loss 

reinsurance contracts. 

The SCR calculation obviously takes risk mitigation techniques (e.g. non-proportional 

reinsurance) into account in two ways: on one hand, it decreases the     by transferring risk 

to a counterparty (e.g. a reinsurance undertaking); on the other hand, it increases the     by 

raising the risk that the counterparty to which the risk has been transferred is not able to fulfill 

its commitment. 

There are several pre-defined ways to take non-proportional reinsurance into account in the 

computation of the    , and we will be interested in the differences they imply on the capital 

requirements. 

1.4. Motivation and structure 

In this paper, we want to study the relationship between Stop-Loss contracts and the 

capital requirements for the non-life premium risk in Solvency II under the different 

available computation methods. 

To do so, we will first make an introduction in Section 2 about the SCR and the different 

general methods to compute it. Then in Section 3, we zoom into the major non-life part 

of the SCR and justify the choice of studying only the non-life premium risk. 
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We then model in Section 4 a “specimen” insurance undertaking by making several 

assumptions. This allows us to obtain in Section 5 explicit formulas for capital 

requirements. We plot these capital requirement formulas for each computation 

method, as functions of the Stop-Loss contract parameters and comment on the so 

obtained results 

In Section 6, we make a general comparison and we conclude about the properties and 

the appropriateness of the different methods. 

Finally in Section 7 we derive some formulas that were used in previous sections. In 

Section 8 we reproduce the R-code that has been used to make the plots from Section 5 

and 6. In Section 9, we produce the bibliography. 

2. Solvency Capital Requirement 

2.1. General Definition and Solvency Implications 

The SCR is the minimum amount of capital (or basic own funds) that an insurance or 

reinsurance undertaking (hereafter undertaking) is required to hold in the EU. It “shall 

cover at least the […] non-life underwriting risk, life underwriting risk, health underwriting 

risk, market risk, credit risk, operational risk.”
iii

 

The condition for the undertaking’s solvency at       is then 

                                                                  

In its article 101.3, the legally binding Directive 2009/138/EC defines the SCR as an amount 

which “[…] shall correspond to  the Value-At-Risk (   ) of the basic own funds of an 

insurance or reinsurance undertaking subject to a confidence level of 99.5% over a one-year 

period.” 

In the 7
th

 page of the (non-legally binding) explanatory document called “The underlying 

assumptions in the standard formula for the Solvency Capital Requirement calculation”, 

EIOPA produces a figure which precise that  

     [   ̃   ]          [   ̃   ], 

        [ ]     {               }. 
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This definition of the     slightly differs from the ones proposed by Christiansen & 

Niemeyer (2012), which are also acceptable since they respect the legally binding definition 

of the    . Note the alternative definitions proposed by Christiansen & Niemeyer have been 

proposed in 2012, but the definition given by EIOPA in its explanatory document is from 

2014. 

If we define now 

   ̃            ̃   , 

                         , 

 ̃                                , 

we then obtain 

     [        ̃   ]          [        ̃   ]   [ ̃   ]          [ ̃   ] 

From the point of view of      , the undertaking will be insolvent at       if its basic 

own fund is negative. We can then compute the upper bound for the probability of the 

undertaking being insolvent at      . Indeed, if  [ ̃   ]   , we have 

                      (   ̃     )            ̃      

        ̃          [ ̃   ]          [ ̃   ]   ̃      

    ̃            [ ̃   ]   [ ̃   ]       

In words, this means that if we expect the undertaking’s business for the coming year to be 

profitable, then the probability of insolvency at the end of the year is smaller than 0.5%. 

2.2. Solvency Capital Requirement computation 

In SII legislation, there are three ways to compute the SCR: with the Standard Formula 

(SF), an Internal Model, or a Partial Internal Modeliv. 

2.2.1. Internal Model 

The use of an internal model consists of the computation of the SCR according to its 

definition      [   ̃   ]          [   ̃   ] by means of a stochastic simulation, 

taking into account the abovementioned risk categories.  
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Although the use of an internal model is the only method that theoretically allows for 

exact computation of the SCR according to its definition, it is not the “default” technique. 

Indeed, an internal model has to be approved by supervisory authorities, in a timeframe 

up to six monthsv; to be approved it has to be justified and to pass several restrictive 

testsvi; and once it is used, the return to the standard formula can be made only if it is 

justified by circumstances, and after approval of supervisory authoritiesvii. This very 

restrictive allowance process, in addition to the cost of developing such an internal 

model, makes this method an expensive and time-consuming option. We therefore 

expect that in practice only rather big insurance undertakings will opt for this technique. 

2.2.2. Standard Formula 

The use of the SF is the default method, in the sense that it is the only one which has no 

requirement for being used. The SF is a general formula, which transforms a large 

quantity of the undertaking’s quantitative inputs into one single value, the SCR. 

As EIOPA stated, “the SCR standard formula follows a modular approach where the 

overall risk which the insurance or reinsurance undertaking is exposed to, is divided 

into sub-risks and in some risk modules also into sub- sub risks. The capital requirement 

on sub-risk or sub-sub risk level is aggregated with the use of correlation matrices in 

order to derive the capital requirement for the overall risk.” viii  

The correlation matrices and the functional forms for the sub-risk (or sub-sub risk) 

capital requirement, have been calibrated by EIOPA during the Quantitative Impact 

Studies, in a way such that the resulting SCR should be more or less equal to its 

mathematical definition. 

EIOPA produced the Figure 1 tree scheme to represent the structure of the SCR. 

At some points in the SF, there are some parameters representing some specific 

quantities (for example a coefficient of variation), which are imposed to take a certain 

value (for example 8%). Sometimes, under certain conditions, SII allows the undertaking 

to compute (with imposed methods) an alternative value of such parameters. These 

alternative values of parameters are called Undertaking’s Specific Parameters (USP). 

We will discuss it in more details in Section 3.2. 
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2.2.3. Partial Internal Model 

The intermediate technique of the partial internal model consists in the computation of 

only one or several sub-risk or sub-sub risk SCR by means of stochastic simulation, 

which will replace the corresponding value(s) in the SF. ix 

 

3. Solvency Capital Requirement for Non-Life underwriting risk 

3.1.  Solvency Capital Requirement for Non-Life underwriting risk 

decomposition 

The Solvency Capital Requirement for Non-Life underwriting risk (       is, as its 

name indicates, the minimum amount of money that an undertaking must hold to face its non-

life underwriting risk. As the Figure 1 shows, SII decomposes this sub risk module into three 

sub-sub risk modules: premium and reserve, lapse and catastrophe. 

The premium and reserve sub-sub risk module has been designed to only account the non-

extreme part of the non-life premium and reserve risk.
x
 The extreme part of the non-life 

premium and reserve risk (i.e. the risk of abnormally high frequency and/or severity of losses 

Figure 1 : the tree structure of the Standard Formula 
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in non-life premium and reserve business) is treated in the catastrophe (CAT) sub-sub risk 

module. The lapse sub-sub risk module holds for the policy lapse risk. 

As mentioned in Section 1.4, we will focus our study on the Solvency Capital Requirement 

for Non-Life premium and reserve risk (          ), among which, thanks to the 

assumptions we make in Section 4, only the premium risk will remain.  

There are several reasons for this focus on the premium risk, which we explain here.  

About the lapse sub-sub risk module: we consider that in non-life insurance, a policy lapse 

has generally negligible consequences, and hence it is not worth to complicate our model for 

taking it into account. Anyway, with the assumptions that we make in Section 4, this risk 

would have disappear. 

About the CAT sub-sub risk module: firstly, in the SF, the computation of the Solvency 

Capital Requirement for Non-Life CAT risk (         ) is based on a scenario approach
xi

. 

Hence           is very dependent on the particular characteristics of each insurance 

portfolio and is therefore hardly generalizable.  

Secondly, in each article related to           it is explicitly stated that recoverable 

amounts from reinsurance should not be taken into account.xii Hence           is 

constant whatever the Stop-Loss parameters are.  And as we want to study the 

relationship between Stop-Loss contracts and the capital requirements under the 

different computation methods, it is not interesting to put effort to determine a constant 

which would not be changed in our analysis. 

For these reasons, we decided to ignore             and           in      , and hence 

focus on           . 

3.2.  Solvency Capital Requirement for non-life premium risk 

As mentioned in the previous section, the Solvency Capital Requirement for Non-Life 

premium risk is the minimum amount that an undertaking must hold to face its non-life 

premium risk, and it is denoted           . 

There exist five different methods to compute it: with an internal model (VaR method), 

with the unmodified SF (SF 1 method), or with one of the three modifications of the 

SF (SF 2, SF 3 and SF 4 methods). 
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We will see in Section 5.2.1 that the general expression for            with the SF is 

          
                    

with    being a gross (of reinsurance) coefficient of variation measure,   a net (of 

reinsurance) coefficient of variation measure,    an adjustment factor for the presence 

of non-proportional reinsurance and   the net premium (again, we will explain it in 

more detail in Section 5.2.1).   

The SF 1 method imposes      xiii. Under the main condition that the aggregate claim 

follows a lognormal distributionxiv, SF 2 admits an alternative (pre-defined) computation 

for    xv and SF 3 an alternative (pre-defined) computation of  xvi. Finally, SF 4 admits an 

alternative computation of the adjustment factor   xvii, under the condition that the 

non-proportional reinsurance taken by the insurance undertaking is an Excess-of-Loss 

coverage. It is not possible to apply more than one of these methods at the same time.xviii 

Since we are interested in Stop-Loss contracts, we will not study the SF 4 method. 

Note that, as for the internal model, there are some required conditions to use SF 2, 3 or 

4 methodsxix. 

This little array summarizes the above mentioned information about the SF methods. 

Method SF 1 SF 2 SF 3 SF 4 

What is replaced in 

the SF 
Nothing 

   

 

  

 
   

Type of non-prop. 

reinsurance contract 

it can be used with 

Any Any Any 
Excess-of-

Loss 

Lognormal 

distribution required 

on 

Nothing 
Aggregate 

claim 

Aggregate 

claim 

Individual 

claim 

4. Model assumptions and notation 

In Section 4.1 we explain the main assumptions we made in order to obtain a “specimen” 

insurance undertaking. These assumptions will allow us to later compute simplified explicit 

formulas for our quantities of interest. In Section 4.2, we formally list all assumptions.  
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4.1.  Explained model assumptions and notation 

The time horizon is one year. The insurance undertaking (hereafter insurer) is a non-life 

mono-liner in fire insurance which business lies in only one region of an EU country. The 

mono-liner and mono-region characteristics are important to obtain simple expressions in the 

SF. The fire insurance choice was made for two reasons: firstly, because it is a very common 

type of insurance, and secondly because it is short tail, which allows the undertaking not to 

detain a lot of reserve (we will later even make the assumptions that it detains no reserve). 

At the beginning of the year, the insurer receives the premiums from the policyholders, with a 

constant volume over the years. The premiums are aggregated into the aggregate gross 

premium     . At the same time, the insurance undertaking enters into a Stop-Loss contract 

with a reinsurer and pays a premium    for it. The insurer is then left with the aggregate net 

premium: 

                

Both the insurer and the reinsurer bill their premium according to the expected value 

principle; the insurer’s margin is        and the reinsurer’s one is       . According 

to the information that we obtained from people working in the industry, these values are 

realistic. 

Also, both the insurer and the reinsurer are assumed to know perfectly the distribution of the 

aggregate claim amount. This assumption allows us to simplify the problem, in the sense that 

we don’t have to generate data which will be used by the insurer and the reinsurer to compute 

premiums and some other quantities, neither to make additional assumptions on the way they 

share information. 

At the end of the year, the insurer pays the aggregate claim amount  ̃ to the policyholders, and 

at the same time receives the recoverable  ̃ from the reinsurer. 

We can now write the premium formulas 

             [ ̃]  

           [ ̃   ̃]  

               [ ̃]          [ ̃   ̃]  
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The policyholders’ claims do not develop over time. This assumption is not very realistic, but 

it may not be dramatic to use it as a first approximation. The reason for this assumption is that 

it allows for the insurer to detain no reserve, and hence we will later obtain a simplified 

expression in the SF. 

The insurer has 10 years of experience. In order to use the modified versions of the SF (i.e. to 

compute some USP parameters), we need to know the number of years’ experience. We took 

10 years, because it is the minimum number of years that the insurer needs to give full 

credibility to USP parameters in SF 2 and SF 3 (see Section 7.2.1), which allows us to study 

the full effect of choosing such alternative methods. 

When EIOPA designed the formula of             they made “[…] the explicit assumption of 

an exact lognormal probability distribution.”
xx

 Moreover, to be allowed to use SF 2 and SF 3 

methods, it is required that “[…] aggregate losses follow a lognormal distribution.”
xxi

  

In this section, as EIOPA did, we will make the lognormal assumption for the distribution of 

the aggregate claim  ̃, i.e. 

 ̃                    

By this way, we will be able to use SF 2 and SF 3 methods, and also to check if the standard 

formula (with and without modification) reproduces accurately the essential characteristics of 

           computed with the Value-at-Risk in a situation for which it has been designed. 

Moreover, the lognormal assumption for the distribution of the aggregate claim is reasonable, 

since            has been designed for non-extreme events (c.f. Section 3.1). 

The Stop-Loss contract parameters are the deductible   and the limit  , and they are expressed 

as a percentage of the gross premium     . The retained amount  ̃ by the insurance 

undertaking is then 

 ̃     {          ̃}     {    ̃            }   

In order to avoid having to choose an arbitrary first moment for  ̃ (and then arbitrary scaled 

values for           ), we will work with “standardized” variables, and the gross 

premium      is the standardization factor. A variable written in capital letter, once divided 

by     , becomes a lowercase letter and will then be a percent gross premium. For example 
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In particular, we have the standardized retained amount  

 ̃  
 ̃

    
    {   

 ̃

    
}     {   

 ̃

    
      } 

    {     ̃}     {     ̃       }  

And here we recognize the loss ratio  

 ̃  
 ̃

    
  

Also, we obtain the standardized net premium 

  
 

  
 

(        [ ̃]          [ ̃   ̃])

        [ ̃]
   (

    

    
)      [ ̃]   

After some calculations, we find the distribution of the loss ratio 

 ̃            ( 
  

 
            ) 

If we want the parameters of  ̃ to be expressed in terms of the coefficient of variation of the 

loss ratio    [ ̃]    , we finally have 

 ̃                      

with      
  (    )

 
          and             . 

As the loss ratio equals the aggregate claim multiplied by a constant, their coefficients of 

variation are the same, i.e. 

     [ ̃]  

√   [
 ̃

    ]

 [
 ̃

    ]

 
√   [ ̃]

 [ ̃]
    [ ̃] 
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In the SF, they explicitly make the assumption that      (c.f. Section 3.2). In fact, this 

value is a kind of sophisticated average among the undertakings that were part of an EIOPA’s 

quantitative impact study
xxii

. In this paper, we will use this value, as well as      and   

   , in order to check what happens when the measure of the risk   differs from the one used 

in the SF. 

Finally, it is important to notice that the loss ratio’s expected value is 

 [ ̃]   [
 ̃

    
]  

 

      
  [

 ̃

 [ ̃]
]  

 

      
      

4.2.  Listed model assumptions 

i. The model as a one-year horizon 

 

- at the beginning of the year: 

o The insurance undertaking begins the exercise with initial capital    

o It receives premium payments from policyholders ; the aggregate gross (of 

reinsurance) premium is      

o Then it enters into a non-proportional reinsurance contract and pays to the 

reinsurer the related premium    

o After the payment of   , insurance undertaking is left with the aggregate net 

(of reinsurance) premium                

o Its total asset available to face its risks is then          

- at the end of the year 

o The insurance undertaking pays the policyholders’ claims ; the aggregate claim 

is  ̃ 

o In the same time, it receives reinsurance recoverable from the reinsurer ; the 

aggregate retained claim is  ̃ 

ii. The insurance undertaking is a non-life mono-liner in fire insurance 

iii. Its business lies in only one region of a certain European Union country 

iv. There is no development of claims over time 

v. It doesn’t hold any reserve 

vi. It has 10 years of experience in its business line 

viii. The premium volume is stable over time, i.e.   
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ix. The distribution function of  ̃ is perfectly known, both by the insurer and the 

reinsurer 

x. The insurance company prices according to the expected value principle, i.e. 

             [ ̃] 

xi. The reinsurer prices according to the expected value principle, i.e.  

           [ ̃   ̃] 

xii. Insurance and reinsurance contracts are annual 

xiii. The aggregate claim follows a lognormal distribution, i.e. 

 ̃                   

xiv. Three level of risk are considered:      [ ̃]                

5. Model output 

Thanks to our assumptions, we are now ready to compute the model output           . In this 

section, for each method, we first obtain an explicit formula for            and then we plot it 

as a function of the Stop-Loss parameters      . 

Rather than 3-dimensional perspective plots, we chose the elegant alternative of the colored 

projection of a 3-d surface on a 2-d plane. At each time, the color scale on the right of the 

plots indicates the values of the plotted variables.  

These plots have been done for             and          . The reason for the shift of the 

range of the deductible values is that when   is around 0, for some values of  ,            

computed with the SF 3 method takes very high values (it even diverges at     for some 

values of  ). This is due to the fact that as we will see in Section 5.2.3.1, we have to evaluate 

the moments of     ̃ , which can take arbitrary high values when the Stop-Loss coverage is so 

high that  ̃    most of the time. The result of it is that the color scale would include so big 

values that we would not have seen the details of the            behavior when they are at 

their normal level. Anyway, deductibles below 20% are not realistic ones, and we do not lose 

interesting information by omitting this area. 

It is important to recall here that the VaR method is the “base” method, in the sense that if the 

distributions are well known, the resulting            will effectively equals its mathematical 
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definition. SF methods are therefore approximations of the VaR one.  To check whether SF 

methods are good approximations of the VaR one, we plot for each of them the difference of 

the so obtained            over the one obtained with the VaR method. Formally, if           
  

is the formula obtained with the method X, then the plotted difference is 

           
            

            
     

In words,            
  represents the difference of            computed with method X over 

the one computed with the VaR method, in percent of the gross premium       A positive 

(negative) value for            
  will indicate an overestimation (underestimation) 

of           . 

Later, Figure 10 and 11 summary every plots and help to make a general comparison between 

the different methods and    

At each time, we plot the functions           
  and            

  for the different level of 

risk                . Figure 2 shows the probability density function of the loss 

ratio  ̃ (    ̃ ) for the different values of  . 
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Figure 2 : standardized aggregate claim amount’s (or loss ratio’s) probability density function 

5.1. Value-at-Risk method 

5.1.1. Formula derivation 

Article 112.2.a from Directive 2009/138/EC states that it is possible to use “[…] partial 

internal models for the calculation of one or more […] risk modules, or sub-modules, of the 

Basic Solvency Capital Requirement, as set out it Articles 104 and 105,” making possible for 

an undertaking to compute only            by means of an internal model.  

Again in Directive 2009/138/EC, Article 104.4 states that each of the non-life, life, health, 

market, counterparty risk modules “shall be calibrated using a Value-at-Risk measure, with a 

99.5% confidence level, over a one-year period.” In other words, if an insurance company 

wants to compute its      , then it has to use a     measure at 99.5% confidence level. 
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At this stage an ambiguity already appears: how to use this Value-at-Risk measure? No 

document in the SII nebula clarifies this point, but nothing prevents us from using the same 

method than for the     (c.f. Section 2.1).  

The same lack of instructions incurs for            (which is our quantity of interest here). 

Always in Directive 2009/138/EC, Article 122.2.a tells us that an insurance company is 

allowed to compute it by means of an internal model, but it doesn’t tell how it has to be done. 

Again, as nothing prevent us from using the same method than for the    , and because it 

seems natural to use this technique rather than another one which is never proposed in SII, we 

will use it here. To do so, we use the non-life premium business’ assets and liabilities to 

compute non-life premium business’ basic own funds, i.e. 

   ̃ 
           ̃ 

This implies 

          
     [   ̃]          [   ̃]   [  ̃]          [  ̃]

        [ ̃]   [ ̃] 

The standardized            with this method is then 

              
     

          
   

  
 

       [ ̃]   [ ̃]

  
        [ ̃]   [ ̃]

        [   {     ̃}     {     ̃       }]   [ ̃]

    {           [ ̃]}     {           [ ̃]       }   [ ̃]

               
          

From the definition for the Value-at-Risk (Section 1.2) and the fact 

that  ̃            (      ), we obtain 

       [ ̃]                  

We derive in Section 7.1 the explicit formula for  [ ̃]. It is worth here only to keep in mind 

that it is also a function of      . 

5.1.2. Plots and comments 

Before talking about plots, one can notice that           
    does not depend on the gross 

premium, neither on the reinsurer’s one, which is surprising. For example, if we take two 
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insurance undertaking A and B being exactly in the same situation except that A’s net 

premium is half the one from B, they will be asked to detain the same amount of           , 

which is not a good property. 

 

Figure 3 : standardized SCR computed with VaR method 

The function               
          has been plotted in Figure 3, for three levels of risk. The 

plots show roughly the same v-shape for each value of  , but the non-zero areas (the big right 

part of the plot as well as the lower left part with a triangle shape) lie at different levels 

(around 8% for     , 17% for      and 37% for        . It means that when there 

is a lot of reinsurance (  small and   large, i.e. easy to trigger and hard to exceed coverage), 

the risk is so low that the insurance company can afford to detain (almost) zero               
    , 

but when there is only a little bit of reinsurance (  high and/or   small),               
     is 

increasing with bigger  .  

The little area at the bottom left with a triangle shape is not very intuitive: when the Stop-Loss 

is very easily triggered (  very small), increasing the limit   has no effect on               
    , 

whereas one can reasonably expect a negative one. This is due to the fact that when   is low, 

increasing   up to a certain value transfers only an (almost) “non-random” part of the claim to 

the reinsurer. Indeed, as  ̃            (      ), one can find some     such that    ̃  

    . When      ,     ̃ has almost exactly the same shape than the one of  ̃, but each 

of its point has been shifted to the left by an amount  . This shape-preserving shift leads to the 

same decrease in        [ ̃] than in  [ ̃], leading to a constant           
    . 
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One can also notice that when the reinsurance cover decreases (moving down and/or to the 

right from the upper left corner), an increase in   leads to a transition from the minimum 

              
     values flat area to the maximum one which begins “sooner” (from higher   for 

the down direction and from smaller   for the right direction) and ends “later” (at lower   for 

the down direction and at higher   for the right direction). This effect is simply due to the fact 

that in our case, an increase in   preserves  [ ̃] while it expands the “risk area” (the range of 

values for which clearly     ̃   ), i.e. the area where reinsurance has significant impact on 

    ̃ and hence on           
    . 

5.2.  Standard Formula methods 

Thanks to our assumptions from Section 4, we obtain here a simplified form of the standard 

formula for           . This general formula will be later adapted in three specific forms 

(Section 5.1.2.1 to 5.1.2.3). At each step of the formulas’ development, we indicate above the 

equality sign which information allows us to obtain the left side of the equation. The 

abbreviation “art.” refers to an article from the delegated regulation 2015/35 and “ass.” to an 

assumption from Section 4.  
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We can see that because of    , no matter the kind and the amount of non-proportional 

reinsurance coverage, as soon as there is non-proportional reinsurance coverage, 

           drops by 20%. As            is a compulsory lower bound (c.f. Section 2.1), if 

one admits that it is always interesting to have, ceteris paribus, the less restrictive possible 

bounds, then it appears reasonable to make the assumption that any insurance undertaking 

will take at least the smallest non-proportional reinsurance coverage possible. We will 

therefore later focus on the case                   . Hence,  

                            . 

It is important to recall here that in           
   formulas,           plays the role of the 

coefficient of variation. This has been explicitly mentioned by EIOPA (although they call it 

“combined standard deviation”)
xxiii

. 

We then have the standardized           
   

          
   

          
  

    
             

 

    
                   

               

We finally notice that contrary to the VaR method, the SF ones depend on the net premium  , 

which is in our opinion an improvement. 

5.2.1. Standard Formula method 1 

5.2.1.1. Formula Derivation 

The SF 1 method simply consists in the use the formula obtained in Section 5.1.2 without any 

modification, hence by taking              .
xxiv

 The standardized            is then 

          
        

                                    

5.2.1.2. Plots and comments 

The function           
          has been plotted in Figure 4, for the three level of risk. Figure 5 

shows the difference  

           
              

                
     



Page 24 of 42 

 

 As for           
    , the shape of the graph is roughly conserved for the different values of  , 

and generally, the more reinsurance cover is taken (  small and/or   large), the smaller 

          
     is. But the similarity ends here.  

Figure 4 : standardized SCR computed with SF 1 method 

An important difference is that unlike for           
     there is no “level” effect of  : the three 

          
     plots have the same range of values, and each time the maximum values are around 

15%. This is in our opinion a very bad performance of the SF 1 method, because obviously it 

does not sufficiently take into account the different level of risk. This comes from the fact that 

with SF 1 method, the insurance company is forced to take   
            rather than its 

real  . 

Figure 5 : standardized difference of the SCR computed with SF 1 method over the one computed with VaR method 

One can also observe that on one hand, the           
     begins to increase from smaller 

deductible, but on the other hand it does it in a much slower way, which results in a big 
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overestimation of           
     when there is a lot of reinsurance coverage (for small 

deductibles), and an underestimation when there is not (for high deductibles), except for 

    , which implies an overestimation whatever the Stop-Loss parameters are. The flat 

area (when deductible is high) for      is around -1%, whereas it is around -22% for 

     . 

The last comment here is that the absence of the triangle area in the bottom left part of the 

plots is due to the fact that           
    depends on       only via  , which is affected by small 

changes in       even when these variable are very low. But we consider that this is not 

important: the values of the Stop-Loss parameters in the area are too low to be interesting for 

a real contract, and anyway this was not an interesting characteristic of           
     to 

reproduce. 

5.2.2. Standard Formula method 2 

5.2.2.1. Formula derivation 

The SF 2 method consists in the replacement of            with 

               
 

      
 √

  

 
 

The details of                formula’s development are in Section 7.2.1 and 7.2.2. 

The standardized            with this method is then 

          
        

                    
 

      
 √

  

 
                

5.2.2.2. Plots and comments 

The function           
          has been plotted in Figure 6, for the three level of risk. Figure 7 

shows the difference  

           
              

                
     

The plot for           
     show the same shape as the ones of           

    , but with the major 

difference that this time there is the “level” effect of   that was missing to           
    , with flat 
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areas (when deductible is high) at around 6% for     , 13% for       and 26% for 

     . 

Figure 6 : standardized SCR computed with SF 2 method 

This difference comes from the fact that with SF 2 method the insurance company is allowed 

to account for its real  , whereas SF1 forces it to use 8%.The only other interesting difference 

to comment here is that           
    underestimates less               

     than           
     does 

when there is only a little bit of reinsurance coverage (  small and/or   large) and      , 

which is an improvement. 

 

Figure 7 : standardized difference of the SCR computed with SF 2 method over the one computed with VaR method 

5.2.3. Standard Formula method 3 

5.2.3.1. Formula Derivation 

This third method replaces           with
xxv
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   ̃ 

 
 √

  

 
 

   ̃  √(   (        ̃  )   )     ( [    ̃ ]              ̃  ) 

The details of               formula’s development are in Section 7.2.1 and 7.2.3. 

The standardized            with this method is then 

          
                        

   ̃ 

 
 √

  

 
            ̃  

5.2.3.2. Plots and comments 

The function           
          has been plotted in Figure 8, for the three levels of risk. Figure 9 

shows the difference  

           
              

                
      

We can immediately see that           
     is the best approximation of           

    : the shape is 

roughly preserved and the values are roughly the same, with a tendency for           
    to 

slightly overestimate           
    .  The main difference is that when    increases,           

     

fails to move its increasing/decreasing areas as it should do. 

 

Figure 8 : standardized SCR computed with SF 3 method 
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Figure 9 : standardized difference of the SCR computed with SF 3 method over the one computed with VaR method 

This effect becomes only important when    [ ] is high, and it leads to a relatively big 

overestimation for                         and an underestimation in the orange area 

where      . 

6. General comparison and implications 

6.1.  Small and large insurance undertakings 

At this point, it worth to notice that, since  ̃  ∑   
 
   , with    being the individual claim of 

policyholder   and   the number of policyholders, if we make the assumption that    are 

independent and identically distributed, then 

     ( ̃)  

√   ( ̃)

 [ ̃]
 

       

√ 
   

This implies that   depends negatively on the size of the insurance portfolio. Hence, it seems 

reasonable to use   as a proxy for the size of the insurance undertaking.  
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Figure 10 : standardized SCR summary 

Figure 10 and 11 summarize the results from Section 5. We notice that the SF methods have a 

tendency to overestimate            for large undertakings (i.e. when   is low). As detaining 

too much capital has a cost, and as large undertakings typically have the resources to develop 

and use an internal model, we consider that this SF related overestimation constitutes an 

additional argument for large undertakings to use an internal model rather than any SF 

method. 

We mentioned previously that using the SF without any modification (SF 1 method) is the 

simplest and cheapest way for an insurance undertaking to compute its    . A small 

undertaking will then have an economic incentive to use SF 1 method. But the plots show that 

SF 1 (as well as SF 2) is the one where there is a risk of important underestimation (if the 

reinsurance coverage is low) when   is high, hence for small undertakings. 
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Figure 11 standardized difference of the SCR computed with SF 1, SF 2 and SF 3 methods over the one computed with 

VaR method 

From the regulatory point of view, this is bad news: SF 1 (and SF 2) seems to be bad tool 

(underestimation possibility up to almost 30% of the gross premium) for the population of 

insurance undertakings that will typically use it. Moreover, this large underestimation occurs 

in risky situations, i.e. when reinsurance coverage is low (high deductible), which is a serious 

issue.  

The good performance of SF 3 (almost no underestimation) method does not soften this 

conclusion about the SF methods: indeed, as the use of SF 3 method rather than SF 1 is an 

option, if it results in a higher SCR, one can doubt that an undertaking will use it. 

6.2.  SF methods are potentially in detriment of reinsurance 

We mentioned in Section 3.1 that reinsurance contracts have no effect on           when it is 

computed with SF methods (a priori, nothing prevents an insurance undertaking to take it into 

account when it uses an internal model). 
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We think that it is a very questionable characteristic of the SF methods. One can argue that 

this approach is conservative (omitting the risk-reduction effect of reinsurance will 

increase          ) and then reduce the insolvency risk. But we think that it can also have a 

negative effect on the insolvency risk: when we consider reinsurance in terms of the effect 

that it has on the Return on Risk Adjusted Capital (RORAC), if we define the RORAC as  

      
         

                     
 

         

   
  

then we realize that underestimating SCR reduction related to reinsurance (by omitting the 

possible reduction of          ) will have a tendency to penalize the reinsurance in the 

RORAC-based decisions and hence it can lead to under-reinsured undertakings. 

7. Conclusion 
We started this paper with a general definition of the    . We then zoomed in its non-life 

premium part. We made several assumptions that allowed us to obtain explicit formulas for 

the four available computation methods of            under Stop-Loss contract (namely the 

VaR, SF 1, SF 2 and SF 3 methods). Our main findings are:  

a) VaR and SF 3 methods take into account the changes in the Stop-Loss parameters 

roughly in the same way, that is, they imply changes in            only when the 

Stop-Loss limit starts/ends in the area where the     of the aggregate claim is clearly 

non-zero. 

b) SF 1 and SF 2 methods take into account the changes in the Stop-Loss parameters in 

the same way, that is, the increase in            begins with smaller deductible and is 

“slower” than with VaR and SF 3 methods. 

c) VaR and SF 3 methods take into account the changes in   (the coefficient of variation 

of the aggregate claim) roughly in the same way, that is, when Stop-Loss coverage is 

low (high deductible and/or small limit), maximum values of             increase 

with increasing   (there is a level effect). 

d) With SF 1 method, the values for            don’t change with increasing   (there is 

no level effect). 

e) With SF 2 method, the values for            increase with increasing   (there is a 

level effect). 



Page 32 of 42 

 

f) For large undertakings,            is always bigger when it is computed with SF 

methods rather than with the VaR one. Therefore, in order to allow for small capital 

requirements, and since they typically have the resources to develop an internal model, 

large undertakings will typically prefer to use the VaR method. 

g) Since internal models’ development costs are high, and since its allowance process is 

very restrictive, small undertakings have incentives to use one of the SF methods. In 

order to allow for small capital requirements, they will typically choose SF 1 method. 

h) Since small undertakings will typically choose SF 1 method, they can possibly be 

undercapitalized, typically when the Stop-Loss coverage is hardly triggered (i.e. when 

the deductible is high). 

8. Appendices 

I. Derivation of the expected retained amount formula 

If we define 

    ̃      ̃    
 

     √  
    ( 

           

     
)      

   [ ̃]     (   
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   [ ̃ ]     (        ) 
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    )        

                                  

Then we obtain, after some calculation 
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 [ ̃]   [        ̃             ]

 ∫     ̃      

  

 

∫      ̃      

  

  

∫(         )    ̃      

 

  

                   ̃            ̃     

                                         

II. Derivation of the Undertaking’s Specific Parameters formula 

i. General method 

The same formulas hold to compute Undertaking’s Specific Parameters                

and              . The only difference is the data that are used:                requires gross of 

reinsurance data whereas               requires the net ones. Year’s   claim amount is 

denoted   , premium amount   . Note that    and    can either be both gross of reinsurance, 

either both net of reinsurance. We develop here the general formula for                 

and              , with the symbol              . Hence, if the data         used in 

              are gross of reinsurance, then                             , and if they net of 

reinsurance,                             . 

The formula is 

                 ̂( ̂  ̂)  √
   

   
          

with   being a credibility factor equals to 1 if the number of data observation years   is 

greater than 10
xxvi

, and  
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Since premium are constant (viii),   ( ̂  ̂) simplifies into 

  ( ̂  ̂)  
 

        ̂ 
 

and hence 

 ̂( ̂  ̂)     ( ̂  
 

 
   (     ̂)  

 

 
 ∑  (

  

 ̅
)

 

   

)  

Since  ̂ is the value that minimizes the following expression
xxvii
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we end up with 
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And when we plug this value of  ̂ in  ̂( ̂  ̂), we finally have, after some simplifications, 

 ̂( ̂  ̂)     (
 

 
   (            ̂

  )  
 

 
           ̂  

 

 
 ∑  (

  

 ̅
)

 

   

)

 (             ̂
  )

   

    ( [      ]̂  
 

 
            )  

 

 ̅
 

 [      ]̂  
 

 
 ∑      

 

   

 

As we made the assumption that the aggregate claim distribution is perfectly known, we can 

replace the estimators  [      ]̂  and            ̂  by their real values. Finally, with the 

assumption      (vi), we have 
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ii. Undertaking’s Specific Parameter for Standard Formula 2 

method 

SF 2 method replaces            with               , hence, as mentioned in Section 7.2.1, the 

data are     ̃  and  ̅               [ ̃]. 

Moreover, since  ̃                    , the expected value of  ̃ is  [ ̃]     (   
   

 
) 

and the coefficient of variation is   (    

  )
   

. Hence we end up with 
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 √

  

 
   

              

iii. Undertaking’s Specific Parameter for Standard Formula 3 

method 

SF 3 method replaces           with              , hence, as mentioned in Section 7.2.1, the 

data are     ̃  and  ̅   . We finally end up with 

              (         ̃     )
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         ̃   )  

 

 
 √

  

 

 
   ̃ 

 
 √

  

 
               

III. R-Code 
 

#### Required Packages #### 

 

library(lattice) 

library(rasterVis) 

 

#### Parameters #### 
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m_f <- 0.30 

m_r <- 0.10 

 

sigma <- 0.08 

 

#### Functions #### 

 

## Moments and related values ## 

 

nu <- function(CoV){return(log(1+CoV^2)^0.5)} #lognormal parameter 

theta <- function(CoV){return(-log(1+m_f)-0.5*nu(CoV)^2)} #lognormal parameter 

 

VaR_s <- function(CoV){return(exp(qnorm(0.995)*nu(CoV) + theta(CoV)))} #value-at-risk 

VaR_r <- function(d,l,CoV){ #value-at-risk 

 f <- function(a,b){return(min(a,VaR_s(CoV))+max(0,VaR_s(CoV)-(a+b)))} 

 return(mapply(f,d,l)) #allows VaR_r to receive vector arguments 

} 

 

alpha <- function(b,CoV){return(pnorm(-(log(b)-theta(CoV))/nu(CoV)))} #intermediate 

variable for E[r] computation, section 7.1 

beta <- function(b,CoV){return(pnorm((log(b)-theta(CoV))/nu(CoV) - nu(CoV)))} 

#intermediate variable for E[r] computation, section 7.1 

delta <- function(b,CoV){return(pnorm((log(b)-theta(CoV))/nu(CoV) - 2*nu(CoV)))} 

#intermediate variable for E[r] computation, section 7.1 

 

mu <- function(CoV){return(exp(theta(CoV) + 0.5 * nu(CoV)^2))} #lognormal first moment, 

section 7.1 

w <- function(CoV){return(exp(2*(theta(CoV) + nu(CoV)^2)))} #lognormal second moment, 

section 7.1 

 

mu_r <- function(d,l,CoV){return(mu(CoV) * (1 + beta(d,CoV) - beta(d+l,CoV)) + d * 

alpha(d,CoV) - (d+l) * alpha(d+l,CoV))} #E[r], section 7.1 

v <- function(d,l,CoV){return(1-((1+m_r)/(1+m_f))*(1-mu_r(d,l,CoV)))} #net of reinsurance 

premium 

 

mu_ln_r <- function(d,l,CoV){ #E[ln(r)], section 7.1 

 h <- function(a,b){ 

  f <- function(x){return(log(min(exp(x),a)+max(0,exp(x)-a-

b))*dnorm(x,theta(CoV),nu(CoV)))} #function to integrate wrt x 

  g <- function(x){return(sapply(x,f))} #allows f to receive vector arguments 

  return(integrate(g,-Inf,Inf)$value) #integral wrt x 

 } 

 return(mapply(h,d,l)) # allows mu_ln_r to receive vector arguments 

} 

 

psy <- function(d,l,CoV){return(mu_ln_r(d,l,CoV))} #symbolic notation for mu_ln_r 

 

mu_ln_r2 <- function(d,l,CoV){ #E[ln(r)^2], required to compute std_ln_r 

 h <- function(a,b){ 
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  f <- function(x){return(log(min(exp(x),a)+max(0,exp(x)-a-b))^2* 

dnorm(x,theta(CoV),nu(CoV)))} 

  g <- function(x){return(sapply(x,f))} 

  return(integrate(g,-Inf,Inf)$value) 

 } 

 return(mapply(h,d,l)) 

} 

 

std_ln_r <- function(d,l,CoV){ #Var(ln(r))^0.5, section 7.1 

 h <- function(a,b){ 

   z <- mu_ln_r2(a,b,CoV) - mu_ln_r(a,b,CoV)^2 

   return(ifelse(z < 0,0,z^0.5)) #sometimes the difference is so low that R's 

approximation leads to z < 0  

 }       #which is only due to R's 

approximation. We correct this by taking z = 0 

 return(mapply(h,d,l))  

} 

 

tau <- function(d,l,CoV){return(std_ln_r(d,l,CoV))} #symbolic notation for std_ln_r 

 

phi <- function(d,l,CoV){return((exp(tau(d,l,CoV)^2) - 1)^0.5 * exp(psy(d,l,CoV) + 0.5 * 

tau(d,l,CoV)^2))} 

 

NP <- 0.8 #Section 5.1.2: we are only interested in case where there is insurance, then NP 

always equal to 0.8 

 

#### SCR functions #### 

 

scr_var <- function(d,l,CoV){return(VaR_r(d,l,CoV) - mu_r(d,l,CoV))} 

scr_sf1 <- function(d,l,CoV){return(3 * sigma * NP *  v(d,l,CoV))} 

scr_sf2 <- function(d,l,CoV){return((11)^0.5 * (CoV/(1+m_f)) * NP * v(d,l,CoV))} 

scr_sf3 <- function(d,l,CoV){return(3 * phi(d,l,CoV))} 

 

scr <- function(method){ 

 if(method=="var"){return(scr_var)} 

 else if(method=="sf1"){return(scr_sf1)} 

 else if(method=="sf2"){return(scr_sf2)} 

 else if(method=="sf3"){return(scr_sf3)} 

  

} 

 

#### PLOTS DATA #### 

 

d <- seq(from = 0.2, by = 0.01, to = 1.7) #d belongs to (0.2, 1.7) interval, c.f. section 5 

l <- seq(from = 0, by = 0.01, to = 1.5) #l belongs to (0, 1.5) interval, c.f. section 5 

 

data_scr_list <- list( #we create the list containing every SCR data matrix 

   VaR_4 = outer(d,l,scr("var"),CoV = 0.04), 

   VaR_8 = outer(d,l,scr("var"),CoV = 0.08), 

   VaR_16 = outer(d,l,scr("var"),CoV = 0.16), 
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   SF1_4 = outer(d,l,scr("sf1"),CoV = 0.04), 

   SF1_8 = outer(d,l,scr("sf1"),CoV = 0.08), 

   SF1_16 = outer(d,l,scr("sf1"),CoV = 0.16), 

   SF2_4 = outer(d,l,scr("sf2"),CoV = 0.04), 

   SF2_8 = outer(d,l,scr("sf2"),CoV = 0.08), 

   SF2_16 = outer(d,l,scr("sf2"),CoV = 0.16), 

   SF3_4 = outer(d,l,scr("sf3"),CoV = 0.04), 

   SF3_8 = outer(d,l,scr("sf3"),CoV = 0.08), 

   SF3_16 = outer(d,l,scr("sf3"),CoV = 0.16)) 

 

data_dscr_list <- list( #we create the list containing every dSCR data matrix 

   SF1_4 = data_scr_list$SF1_4 - data_scr_list$VaR_4, 

   SF1_8 = data_scr_list$SF1_8 - data_scr_list$VaR_8, 

   SF1_16 = data_scr_list$SF1_16 - data_scr_list$VaR_16, 

   SF2_4 = data_scr_list$SF2_4 - data_scr_list$VaR_4, 

   SF2_8 = data_scr_list$SF2_8 - data_scr_list$VaR_8, 

   SF2_16 = data_scr_list$SF2_16 - data_scr_list$VaR_16, 

   SF3_4 = data_scr_list$SF3_4 - data_scr_list$VaR_4, 

   SF3_8 = data_scr_list$SF3_8 - data_scr_list$VaR_8, 

   SF3_16 = data_scr_list$SF3_16 - data_scr_list$VaR_16) 

 

#### SCR PLOTS #### 

 

# Custom theme 

my.theme <- RdBuTheme(strip.background=list('gray87'),strip.border =list(col='black')) 

 

# Find the min and max values 

min_vect <- c() 

max_vect <- c() 

 

for(i in 1:length(data_scr_list)){ 

 min_vect[i] <- min(data_scr_list[[i]]) 

 max_vect[i] <- max(data_scr_list[[i]]) 

} 

 

my.min <- min(min_vect) 

my.max <- max(max_vect) 

 

# Customize the colorkey 

my.at <- seq(my.min, my.max, length.out=length(my.theme$regions$col)-1) 

my.ckey <- list(at=my.at, col=my.theme$regions$col) 

 

#plots generating function 

scr_graphs <- function(d,l,v_CoV,v_method){ 

 

 titles <- c()  

 data <- c() 

 a <- 0 

 for(i in 1:length(v_CoV)){ 

  ttl <- c() 
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  dta <- c() 

  for(j in 1:length(v_method)){ 

   a <- a + 1 

   matrix_name <- paste(v_method[j],100*v_CoV[i],sep="_") 

   dta <- c(dta, 

as.vector(data_scr_list[[which(names(data_scr_list)==matrix_name)]])) 

   title <- paste("Method = ", paste(paste(v_method[j], ", CoV = ", sep = 

""),  

     paste(v_CoV[i]*100, "%", sep=""), sep=""),sep="") 

   ttl <- c(ttl, title) 

  } 

  data <- c(dta, data) 

  titles <- c(ttl, titles) 

 } 

 

 listforgrid <- list(Deductible = d, Limit = l, Parameters = titles) 

 grid <- expand.grid(listforgrid) 

 grid[, "SCR"] <- data 

 

 levelplot(SCR ~ Deductible * Limit | as.factor(Parameters), 

  data = grid, par.settings = my.theme, at = my.at,colorkey = my.ckey, 

  main = "SCR in percent of the gross premium") 

} 

 

scr_graphs(d,l,c(0.04,0.08,0.16),c("VaR","SF1","SF2","SF3")) 

 

#### dSCR PLOTS #### 

 

# Custom theme 

my.theme <- PuOrTheme(strip.background=list('gray87'),strip.border =list(col='black')) 

 

# Find the min and max values 

min_vect <- c() 

max_vect <- c() 

 

for(i in 1:length(data_scr_list)){ 

 min_vect[i] <- min(data_dscr_list[[i]]) 

 max_vect[i] <- max(data_dscr_list[[i]]) 

} 

 

my.min <- min(min_vect) 

my.max <- max(max_vect) 

 

# Customize the colorkey 

my.at <- seq(my.min, my.max, length.out=length(my.theme$regions$col)-1) 

my.ckey <- list(at=my.at, col=my.theme$regions$col) 

 

#plots generating function 

dscr_graphs <- function(d,l,v_CoV,v_method){ 
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 titles <- c()  

 data <- c() 

 a <- 0 

 for(i in 1:length(v_CoV)){ 

  ttl <- c() 

  dta <- c() 

  for(j in 1:length(v_method)){ 

   a <- a + 1 

   matrix_name <- paste(v_method[j],100*v_CoV[i],sep="_") 

   dta <- c(dta, 

as.vector(data_dscr_list[[which(names(data_dscr_list)==matrix_name)]])) 

   title <- paste("Method = ",paste(paste(v_method[j], ", CoV = ", sep = 

""), 

     paste(v_CoV[i]*100, "%", sep=""), sep=""),sep = "") 

   ttl <- c(ttl, title) 

  } 

  data <- c(dta, data) 

  titles <- c(ttl, titles) 

 } 

 

 listforgrid <- list(Deductible = d, Limit = l, Parameters = titles) 

 grid <- expand.grid(listforgrid) 

 grid[, "dSCR"] <- data 

 levelplot(dSCR ~ Deductible * Limit | as.factor(Parameters),  

  data = grid, par.settings = my.theme, at = my.at, colorkey = my.ckey, 

  main = "dSCR in percent of the gross premium") 

} 

 

dscr_graphs(d,l,c(0.16,0.08,0.04),c("SF3")) 

 

#### Density plots #### 

 

x <- seq(from = 0, by = 0.00001, to = 1.5) 

y1 <- function(x){return(dlnorm(x,theta(0.04),nu(0.04)))} 

y2 <- function(x){return(dlnorm(x,theta(0.08),nu(0.08)))} 

y3 <- function(x){return(dlnorm(x,theta(0.16),nu(0.16)))} 

 

plot(x, y1(x), ylab = expression("f"[s]*"(x)"), col="lightsalmon", lwd=2, 

type="l",main="Probability density function of the\nstandardized aggregated claim") 

lines(x, y2(x), col="lightblue", lwd=2) 

lines(x, y3(x), col="lightgreen", lwd=2) 

legend("topleft", 

       inset=.01, 

       cex = 0.85, 

       title="Coefficient of Variation", 

       c("4%","8%","16%"), 

       horiz=TRUE, 

       lty=c(1,1), 

       lwd=c(2,2), 

       col=c("lightsalmon","lightblue","lightgreen"), 
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       bg="grey96") 
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