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1INTRODUCTION
& APPROACH

2 3

Measuring and managing risks are two hot 
topics in the present moment. The financial 
crisis of 2008 made clear that adequate risk 
management and monitoring is the key to 
survival in hard times. However, simply resort 
to high standards of risk management does not 
guarantee future smooth.

The identification and quantification of risks 
that most insurance companies face is 
relatively simple. This is partly due to recent 
developments in supervision, such as Solvency 
II in the EU, individual capital assessment 
standards (ICAS) used in the UK, the standards 
in use in the US (C3 Phase II) and the Swiss 
Solvency Test (SST), the main. The problems 
associated with the aggregation of risks and 
the subsequent allocation of resulting solvency 
capital are the next area of focus in the practices 
of modeling economic capital of insurance 
companies.

The current focus is on the 
calculation of economic and 
solvency capital. However, 
business decisions must be 
made on the basis of risk 
assessment and optimization 
of the risk / return ratio. 
Economic capital plays a 
central role in prudential 
supervision, in pricing, in the 
evaluation, management and 
hedging, capital allocation, 
project finance, performance 
management and in financial 
reporting.

The solvency capital (SCR, 
Solvency Required Capital) is 
defined as the excess of the 
financial resources available 
to meet the obligations, under 
certain adverse conditions. 
This capital is held as a 
buffer, to satisfy the claims 
of policyholders in case of 
high-cost claims.  Economic 
(required) Capital computation 
is based on a measure of risk, 
of which there are many to 
choose from. Different risk 
measures fulfill different 
purposes of determining 
economic capital.

In the case of the Solvency II 
directive , which serves as a 
technical reference throughout 
this work on, regulations 
use Value at Risk (VaR) as a 
measure of risk. As said, «the 
SCR should 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. The parameters and 
assumptions used for the 
calculation of the SCR reflect 
this calibration objective.»

-
   COMMISSION DELEGATED REGULATION (EU) 2015/35 of 10 October 2014 supplementing Directive 2009/138/EC of the European Parliament 
and of the Council on the taking-up and pursuit of the business of Insurance and Reinsurance (Solvency II)

1

1
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The economic capital is 
calculated, thus, with 
the methodology set out 
above, through successive 
aggregation of products, 
business lines, business 
units and geographic 
areas of regulation; in 
order to calculate capital 
requirements at different 
levels of the organization. 
This aggregation allows, 
generally, some advantages 
of diversification between 
risks that are added. 
Capital requirements are 
calculated at the lowest 
level first (for example, by 
product or line of business). 
The goal is to add capital 
requirements to the highest 
levels (for example, the 
level of the business unit 
parent company or group of 
companies) to reach about 
capital requirements and 
risk measurement taking 
into account interactions 

between risks that have 
been added (for example, 
the interaction between two 
business lines). Ultimately, 
all capital requirements 
are added to reach the total 
capital of a company or 
group of companies.

From the foregoing, it would 
appear that the conditions 
of total capital (for example, 
at the group level) should 
be, therefore, reduced 
by the sum of the capital 
requirements (for example, 
the level of product), if the 
assumption of continued 
diversification still valid.
Following the regulatory 
guidance document, we find 
ways to compute solvency 
capital: for several sub-
modules the calculation of 
the capital requirement is 
scenario-based: The capital 
requirement is determined 
as the impact of a specified 

This process can be illustrated by 
performing the exercise of calculating the 
SCR of a company or group of insurance 
companies, by the successive aggregation 
of risks. Two companies that are part of 
the same corporate group calculate their 
capital requirements with a partial internal 
model. At this point, the question of how to 
aggregate risk to achieve the objective of 
determining the SCR within group arises.

Regulations, in this regard, specify in 
Article 220 of Directive 2009/138/EC that 
the calculation of the SCR at the level of the 
group has to be carried out in accordance 
with an accounting consolidation-based 
method. For the purpose of the stress 
test exercise, groups in the Internal Model 
approval process should report the solvency 
capital requirements on the basis of the 
Standard Formula, but they are welcome to 
send also the IM results on a voluntary basis.

Mention of the aggregation methodology 
is also made, although this is broadly 
interpreted, as discussed below.

scenario on the level of Basic 
Own Funds (BOF).
In principle, Solvency II 
provides a range of methods 
to calculate the SCR which 
allows undertakings to choose 
a method that is proportionate 
to the nature, scale and 
complexity of the risk that are 
measured: 
 • full internal model
 • standard formula and 
partial internal model 
 • …

4 5-
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Consolidated data for the calculation 
of group solvency according to 
accounting-based method shall 
consist of all of the following: 
full consolidation of data of all 
the insurance or reinsurance 
undertakings, third-country insurance 
or reinsurance undertakings, 
insurance holding companies, mixed 
financial holding companies and 
ancillary services undertakings 
which are subsidiaries of the parent 
undertaking. For the purposes of the 
calculation of the consolidated group 
own funds, the data referred to shall 
be net of any intra-group transaction.

The group solvency of the participating 
insurance or reinsurance undertaking 
is the difference between the 
following: 
 (a) the own funds eligible 
to cover the Solvency Capital 
Requirement, calculated on the basis 
of consolidated data; 
 (b) the Solvency Capital 
Requirement at group level calculated 
on the basis of consolidated data.»

It now remains to know what is meant 
by consolidated data:
«The purpose of the consolidation is 
to produce annual accounts for all 
entities that make up a group that true 
and fair view of its assets, financial 
condition and results generated by 
them, but as if they were a single 
economic unit.»

Therefore, it is matter of the 
accounting discretion, without 
abandoning the principles and criteria 
of homogeneity, how to conduct the 
consolidation.

In this paper, four ways to make 
the consolidation of accounts in the 
economic hierarchy of the business 
group are proposed. Some of these 
four techniques may be correct under 
an accounting scope, but they are not 
from the point of view of the Solvency 
II Directive.

Notwithstanding the foregoing, the 
assumption that data from internal 
models are valid for determining the 

For a better understanding of the concepts 
and procedures described in this paper, it 
is limited to the calculation of the Non Life 
Solvency Capital module, through a partial 
internal model proposed to approximate 
the non life underwriting risk, based on 
the Monte Carlo simulation method in the 
income statement for each product with a 
one year horizon. The rest of risks (Market 
risks, Health, Default, Life, Intangibles and 

Operational), are not taken into account, as 
their integration will follow the same pattern 
than Nonlife does. 

SCR is adopted, to which he will come when the knowledge and the use made of 
internal models something known and as deterministic as the standard formula. 

This is supported by Article 231 of Directive 138/2009:

«Article 231 - Group internal model
 • In the case of an application for permission to calculate the consolidated 
group Solvency Capital Requirement, as well as the Solvency Capital Requirement 
of insurance and reinsurance undertakings in the group, on the basis of an internal 
model, submitted by an insurance or reinsurance undertaking and its related 
undertakings, or jointly by the related undertakings of an insurance holding 
company, the supervisory authorities concerned shall cooperate to decide whether 
or not to grant that permission and to determine the terms and conditions, if any, 

to which such permission is subject.»

6 7-
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2RISK
MEASURES

8 9

Risk can be defined in many ways: the expected loss, 
the variance of a loss, the probability that a loss will 
exceed a defined amount, or the average amount 
by which a defined amount is exceeded, among 
others. The risk measure has to be selected in 
correspondence to how risk is defined.

-

Introduction: 

There is a wide range of risk measures. Each 
has its own characteristics, so that the risk 
measure adopted by an insurer, will ultimately 
depend on the purpose for which it is used. 
Different uses of the risk measure include 
pricing, the decisions of capital allocation, 
risk management and hedging, determining 
solvency requirements and capital adequacy, or 
assess the risk appetite of the insurance.

The complexity of the risk measure can range 
from the simple sum of the notional amounts 
(ignoring the effects of diversification), to 
complex option pricing approaches. This 

section provides a description of some key 
aspects of risk measurement is given from a 
holistic perspective.

Copyright ©2015 ADDACTIS Worldwide. All Rights Reserved



Perspective: 

Risk and capital may be seen under different 
views, when different stakeholders require 
different risk assessments:
 • Shareholders see thet risk from the 
perspective of performance measurement. They 
are primarily interested in getting a good return 
on capital they have invested in the company, but 
not at the extremes beyond ruin.
 • Policy holders and supervisor are 
more interested in extreme events that threaten 
the ability of the firm to address complaints 
and fulfill their obligations. Events that do not 
threaten ruin are of little interest.
 • The corporate managers require a 
solid basis for determining price risk load, 
evaluation of the performance of business 
divisions and product and capital allocation, 
and balances the needs of shareholders and 
policyholders.

Choice of risk appetite: 

To calculate economic capital management 
or conduct risk-adjusted performance, the 
undertaking  must specify its appetite for risk. 
The risk appetite of a undertaking  defines the 
risks that it is willing to assume. The appetite 
for risk is directly related to the amount of 
capital at risk or probability of default of the 
insurer’s shareholders are willing to accept. 
Often a credit rating is intended to set an upper 
limit on the acceptable level of default. 10 11-

Coherent risk measures: 

There are many alternative risk measures, 
which can be evaluated by a set of requirements 
that a good measure must meet. The risk 
measure, then, is said to be consistent. However, 
the desirable properties for a risk measure 
differ when used for capital requirements, 
to compare risk premiums or for regulatory 
purposes.

Risk measure is consistent if it meets:
 • Invariant under translation: adding a 
deterministic amount to the loss distribution 
risk changes by the same amount.

 • Sub-additivity: merging two portfolios 
does not create additional risk.

 • Positive homogeneity: the expansion of 
a portfolio involves a similar scale to that risk.

 • Comonotony: positions that lead to 
greater losses in any situation, produce higher 
risk and require more capital.

Horizon: 

The insurer must choose the time horizon in 
which will measure the risk. For regulatory 
purposes (eg Solvency II) a time horizon of 
one year is used to determine the economic 
capital. The aim is to ensure that the entity has 
sufficient capital along this horizon to transfer 
the liabilities to market value after a serious 
adverse scenario occur. 
We can distinguish here 
between the following three 
periods:
 • Shock application 
period: the time period during 
which the shock is applied. 
Under Solvency II, the shock 

period is defined as instant when the method 
is used under the standard formula; However, 
a period of one year is also allowed when an 
internal model based on a methodology of 
projection data is used.
 • Shock calibration period: the time 
period during which the shock is calibrated. 
Under Solvency II, shocks are 
calibrated over a period of 
one year (although, generally, 
are applied instantaneously).
 • Effect period: the 
period of time beginning after 
the shock application period, 
which runs until the end of the 
term of the policy.

For internal purposes, they may be more 
appropriate different time horizons. Longevity 
risk is often seen as long-term risk, while the 
risk of death and portfolio lapse are short-term 
risks. That is, there is very little impact during 
the term.

The time horizons used in different risk 
measures must be unified before performing 
the aggregation of risks. Thus, some of the risk 
measurement methods are described:
 • Variance / standard deviation
 • VaR, TVaR
 • Cost of the default put option
 • Distorting measures

Copyright ©2015 ADDACTIS Worldwide. All Rights Reserved Copyright ©2015 ADDACTIS Worldwide. All Rights Reserved



Different risk 
measures: 

Variance / standard deviation 

The variance of a loss distribution 
gives an idea of the uncertainty of 
future earnings or losses. It measures 
the amount of scatter in the results 
and it is defined as:

Where it is assumed that losses 
follow a normal distribution, the 
variance and the expected losses 
are the parameters required to fully 
describe the distribution of losses. 
Variance, and the related measure, 
standard deviation, are the most 
common definition of risk used in fund 
management industry to determine 
the portfolio risk (standard deviation 
of return) and active risk or tracking 
error (standard deviation of excess 
returns).

The variance is only a good measure 
of risk in the case where the losses 
are distributed symmetrically (at least 
approximately).

One aspect in which the variance 
does not meet the coherence as a risk 
measure is by the comonotony criteria. 
This can be illustrated by considering 
two portfolios, A and B. Assuming a 
portfolio A, which has a large variance 
and the same probability of a gain or 
loss of ten. Portfolio B has a certain 
loss of ten units also (with a zero 
variance). A portfolio is clearly the best 
risk, but is more volatile and generally 
will be assigned a higher capital.

VaR (Value at Risk). VaR. TVaR
The concept of Value at Risk (VaR) 
is one of the most widely used risk 
measures for insurers and banks in 
quantitative risk management. VaR is 
the maximum loss not exceeded with a 
given confidence level and a given time 
horizon. You must specify a first loss 
distribution and the VaR is a quantile 
of this distribution function. VaR is 
statistically defined as follows:

Where F_L (l) is the cumulative 
distribution function of the loss 
distribution of “L” risk

The time horizon is often taken as a year 
and the confidence level will depend 
on the risk appetite of the undertaking. 
For example, the time horizon can be 

It should be noted, however, that, although 
TVaR can overcome some of the drawbacks 
of VaR in theory, in practice, an appropriate 
amount of tail data is required in order to 
understand its distribution. If the VaR is de-
rived using a confidence level of α, then the 
TVaR is the expected loss on the other part 
(1-α) of the loss distribution. TVaR is the risk 
measure used for Swiss solvency test with a 
level of confidence of 99%. The TVaR meets 

all requirements of consistency, whenever 
the underlying probability distribution is 
continuous.

The emphasis TVaR puts in extreme events is 
also the root of some of its problems. First, 
the queue behavior is extremely difficult to 
estimate by statistical methods.

specified in days when market risk is considered. VaR is a measure of the risk 
of Solvency II, with a confidence level of 99.5% for the calculation of the Solvency 
Capital Requirement (SCR) and 85% for minimum capital requirement (MCR). The 

VaR satisfies all the requirements of coherence except sub-additivity.

Another drawback of VaR is that it gives no information on the severity of losses that 
are above the level of confidence chosen. Tail VaR (TVaR) overcomes this problem. 

TVaR is the conditional loss expected losses exceed the VaR. Mathematically:

12 13-

   Figure 2. Risk measures distribution losses
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3METHODOLOGY OF
COMPUTING SCR

14 15-

European regulations Solvency II describes 
the risks to be modeled, as follows:
Non-life underwriting risk is the risk 
arising from non-life insurance obligations, 
in relation to the perils covered and the 
processes used in the conduct of business. 
The non-life underwriting risk module 
consists of the following sub-modules: the 
non-life premium and reserve risk sub-
module; the non-life lapse risk sub-module; 
the non-life catastrophe risk sub-module»

In the present case, the partial internal 
model captures the premium and reserve 
risk, including costs, and the lapse portfolio 
risk. As the simulation figures are the 
number of annual results by product, 
the SCR is derived immediately from the 

difference in economic outcome. And, as 
established above, it coincides with the 
variation of the basic own funds of the 
undertaking.

In this example, there is an insurance group 
formed by two companies, in which one 
owns all of the shares of the other. This 
allows contemplating different aggregation 
methodologies without entering in formal 
contradiction with current accounting 
rules. The data available are from 10000 
simulations of the annual financial 
statements for each product sold. Each 
company holds 16 products in its portfolio, 
so there are 160 000 simulations for each 
undertaking.

Approach: 
In the framework of Directive 
138/2009 / EC, insurance and reinsurance
undeertakings should calculate  its 
 Solvency Capital Requirement in 

accordance with the standard formula, 
divided into modules and sub-modules 

as follows:

Copyright ©2015 ADDACTIS Worldwide. All Rights Reserved



As already mentioned, four ways to add risks to culminate in 
the calculation of the SCR module for non-life business group 
are proposed. The starting point is the division of products of 
the insurance business of both companies, generically called 
Major and Minor. Then each integration method is described 
later to make the analysis and assessment of each method.

A - Merged bases

This method consists in 
merging the financial results 
of each product (home care, 
assistance, etc.) into a single 
value for simulation, where 
simulated values are 10 000 
annual financial statement 
for each company. The 
solvency capital is obtained 
as a difference between the 
99.5% percentile, minus the 
average joint distribution.

Integration methodologies internal models

B - Each alone, by LoB

In response to indications of 
EIOPA, we add 16 products 
in 9 business lines (Line of 
Business - LoB), described 
in the regulations for the 
homogenization of the risks.

C - Aggregation by 
LoB, into one

Each company’s LoB are 
added together, adding LoB1 
with LoB1, and so on.

D - Unique basis

All guarantees for the 
two companies were 
aggregated into a single 
set of simulations. The 
solvency capital is obtained 
as a difference between the 
99.5% percentile, minus the 
average joint distribution.

17-

These four different ways to aggregate each company guarantees’ values are consistent under the 
accounting point of view, because every one of them shows consolidated figures for each entity. It 
is true that some methods enjoy the benefit of diversification provided for in the regulations and 
some do not, but all are valid because consolidates all relevant business figures. It should be noted 
that the data available for the simulation study are annual, representing the end of the variation 
of the original own funds (ΔBOF) financial statements, taking losses into positive, right tail of the 
distribution, and benefits, negative.

16
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4 18 19-

For the company MAJOR:

The aggregation of all products into a single annual final figure results in 
a distribution without gaps, unimodal, with a value range from €-225,000 
to €225,000, the average being at €-89,171. It is easy to derive the 99.5% 
percentile, situated in €36,977. Knowing the mean of the distribution, it is 
immediate the derivation of the 99,5% percentile

OPTION A: Merged Bases
This calculating option of the Solvency 
Capital Requirement is to merge all 
simulations for the same year in the 
different products marketed risks to 
result in a single distribution for each 
company. With this distribution, calculate 
the necessary elements for determining 
solvency capital it is easy, simply by 
subtracting the value of the average value 
of the 99.5 percentile.

COMPUTATION
OF SCR

Copyright ©2015 ADDACTIS Worldwide. All Rights Reserved



Similarly, for the company MINOR:

18-

Option B: Each 
separately, by LoB 

Once informed of the need for 
segmentation into homogeneous risk 
groups, we proceed to the grouping of 
different products of each company in 
the lines of business (LoB) indicated in 
the reference regulations, following the 
outline below:

Segmentation proposed in 
Solvency Directive relates to 
the pooling of risks that are 
homogeneous in nature and 
complexity. Guarantees of each 
company are classified accor-
ding to the relationship in the 
regulations.  By the prior appli-
cation of segmentation, data is 
aggregated into nine categories 
by each company. 

 Each company’s SCR has taken 
into account the correlations 
between LoB’s, which are 
considered in the calculation, 
using standard formula, 
thus realizing the effect of 
diversification:
In short, you have to:

At first glance, the economic 

Neither this distribution is problematic to 
calculate the SCR:

With what is obtained by adding these two 
amounts (no reduction diversification in this 
case):

However, regulations states:
«The premium and reserve risk sub-module is 
based on the same segmentation into lines of 
business used for the calculation of technical 
provisions. However, an insurance line of 
business and the corresponding line of business 
for proportional reinsurance are merged, based 

on the assumption that the risk profile of both 
lines of business is similar. The lines of business 
for NSLT health insurance and reinsurance are 
covered in the health underwriting risk module.»

That is, in the calculation of premium 
and reserve module (fully included in the 
methodology of generated simulations) should 
be segmented in various guarantees in order 
to calculate technical provisions, which are 
designed in the regulations:
Given the nature of the business group 
at hand, do not apply the first three 
segmentations, concerning Medical Insurance, 
Income Protection Insurance and Workers’ 
Compensation.

capital calculated according 
to the B methodology (each 
company determines its 
SCR separately and the two 
resulting figures are added) 
is approximately 10% less 
of the calculated in the A 
methodology. B Methodology 
complies with both accounting 
integration aspect, as for the 
integration of similar risks.
In principle, and as a 
hypothesis, the two companies, 
while having the same products 
to the same risks, need not 
have the same exposure. 
Their results are as random 
as two separate companies. 
In fact, they are. That is why 
there can be no benefit from 
diversification integrating 
individual capitals.

However, it should be 
considered the option of 
grouping similar risks 
effectively, as indicated by the 
rules, and taking into account 
the accounting consolidation. 
If the financial statements 
of the same guarantees as 

the two companies join, and 
then grouped according to the 
guidelines of EIOPA, the new 
redistribution of risks itself 
could take into account the 
effects of diversification. This 
aspect is developed in the next 
section.

Option C: 
Together for LoB

Once informed of the need 
for segmentation into 
homogeneous risk groups, 
we proceed to the grouping 
of different products of each 
company in the lines of 
business (LoB) indicated in the 
reference regulations, following 
the outline below:

Copyright ©2015 ADDACTIS Worldwide. All Rights Reserved



As in the previous section, the characterization of 
the resulting distributions is contained in the an-
nexes. The calculation methodology also includes 
the effect of diversification, materialized in the 
correlation matrix seen before. The summary of 
the calculations is as follows:

In this case, the SCR has been reduced by 10% compared to A option (fused bases) and about 20% 
relative to the B option (each company separately).

By ignoring diversification between risks, the successive addition of guarantees for each company 
and the final aggregation in a single distribution, is the approach developed in the next section.

22 23-

Option D: Unique 
Base 

Already introduced in the previous 
section, the methodological 
option D: Unique Base involves 
the aggregation of representative 
annual financial statements of 
each product, represented by 10 
000 simulations each, in a single 
metasimulación.

Taken together, on the same scale, the two 
distributions, before final sum, look like this:
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The last step in building the metasimulación is to add the 
same simulated year for each company. The result:

A glance at the joint distribution reveals that a normal 
distribution adjustment fits accurately the data, and the 
assumptions made for deriving the mean and the 99,5% 

percentile remains correct.

Thus, with this calculation, we have derived the solvency capital 
according to four proposed methodologies, although in the latter 
case, as in the first, due to the lack of segmentation in the areas 
indicated by regulations it is not valid to calculate the economic 
capital following the methodology described for the case of single 
base.
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5 26 27-

Options A (fused bases), D (Base only) do not 
meet the criteria of segmentation, so they can 
not be used for the calculation of the SCR group 
companies. 
Between the B (Separated by LoB) and C (together, 
for LoB) options, both meeting the accounting 
consolidation as using VaR, the difference lies in 
the convenience of the previous merging of the 
risks.

On the other hand, there is no assumption that 
could support the fact that both companies may 
be in the same area (option C could be enhanced, 

as the two companies could be as two offices in 
the same city). Or maybe, both companies are in 
different countries, or in opposites sides of the 
same country. That is the main reason for which 
option C (together, by LoB) is not longer valid.

An elementary comparison between the SCR 
calculated according to options B and C reveals 
that, if the contribution to the Major  company’s 
SCR  in the B option was €139,819, leaving the 
difference (contribution due to Minor ) in the C 
option 182 000 - 139 819 = €42,181, with €82,499 
provided by minor in that same option.

SUMMARY

Once calculated the solvency capital
according to the four methodologies
described, a summary of the same
highlights the differences between the
 amounts calculated.

In practical terms, it means that the contribution to risk by Minor is a certain amount, or half that 
amount, depending on the method used. Moreover, the sum of the simulations of the products covered 
by the two companies together will result in distributions that may be due to chance, defined by 
the relative size of the two companies. Increased turnover in one of them could give rise to bimodal 
distributions, invalidating the methodology based on VaR.

As a final conclusion, the author’s position about the SCR calculation 
methodologies involving the integration of internal, full or partial models, 
is OPTION B: Calculating the SCR using the VaR99.5% approach over a 
year, with the guarantees segmented according to the LoB specified in 
the regulations published by EIOPA. The SCR thus determined are added 
in many summands as companies make up the group, weighted according 

to the shares in it.

In the previous sections we have explained 
the conditions established in the directive 
Solvency II, summarized in two:

• Risks should be segmented into 
homogeneous business lines.

• The SCR is calculated from the VaR 
99.5% within a year.
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