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Abstract 
The Solvency II regulatory framework has been implemented as of January 
1st, 2016 and among other things it introduced economic risk-based capital 
requirements across all EU Member States for the first time, applicable for 
insurance and reinsurance undertakings. Similar to Basel II whose scope is 
banks, the Solvency II directive provides a new regime based on three pillars 
for insurers and reinsurers: 1) pillar 1: harmonized valuation and risk based 
capital requirements, 2) pillar 2: harmonized governance and risk manage-
ment requirements and 3) pillar 3: harmonized supervisory reporting and 
public disclosure. The Solvency Capital Requirement (SCR) should corres-
pond to the Value-at-Risk of the basic own funds of an insurance or reinsur-
ance undertaking subject to a confidence level of 99.5% over a one-year pe-
riod. The Solvency II directive provides a range of methods to calculate the 
SCR. This allows insurance or reinsurance undertakings to choose a method 
that is proportionate to the nature, scale and complexity of the risk that is 
measured. In order to calculate the SCR, an insurance undertaking can use a 
fully internal model, the standard formula and a partial internal model, the 
standard formula with undertaking-specific parameters, the standard formula 
as it is or a simplification. When introducing a simplification, the SCR esti-
mate could deviate from the calculation without the simplification. A simpli-
fication could lead in important/crucial information missing from the SCR 
calculation. In some occasions the SCR is overestimated and in some others it 
is underestimated. It is therefore of interest to find the range of this deviation, 
potential bounds—if any and the effect it can have on the required capital. In 
this paper we attempt to measure this deviation for simplifications pertaining 
to the interest rate risk for insurance companies. 
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1. Introduction 

As history has proved every entity is vulnerable when it comes to terms of risk 
and as such it is asked to address it via a risk management process and/or 
framework. Such a process (or framework) includes the identification of the risk, 
the measuring of the risk and finally the management of the risk. The manage-
ment of the risk incorporates several alternatives such as retaining the risk, 
hedging part or all of the risk, reducing (mitigating) the risk or totally dropping 
the risk. Identifying the source of the risk is one step of the process; predicting 
the potential risk and quantifying it, are another. Whatever are the means an 
entity has for managing potential risks, one thing is for sure: it should be pre-
pared in terms of capital to face the potential loss of a risk arising or more accu-
rately of the biggest risk arising. The question is how to remain solvent when a 
risk occurs? 

Within the European Union each country had its own set of laws in terms of 
solvency capital requirements for insurance (or reinsurance) companies, thus 
exhibiting a fragmented environment. To answer the aforementioned question 
as well as to address the differences in the legal frameworks of the various coun-
tries, the European Union Regulatory Authorities implemented a uniform regu-
latory framework, the Solvency II Regulatory Framework, so as to ensure ade-
quate policyholder protection [1]. As a matter of fact it protects all stakeholders, 
namely the policyholders, the shareholders, the creditors and the regulators, as it 
provides a common playing field for insurers (or reinsurers). The aim was to 
eliminate the most serious differences between the laws of the European Union 
(EU) Member States with regards to the rules to which insurance and reinsur-
ance undertakings are subject. Such a common regulatory/legal framework 
would facilitate the insurance and reinsurance activity through the internal EU 
market [1]. 

The insurance and reinsurance undertakings should meet specific Solvency 
Capital Requirements, so as to remain solvent. This means that they need to 
maintain the necessary capital so as to cover for the risks they are exposed to. 
“Solvency II introduces economic risk-based capital requirements across all EU 
Member States for the first time. These new capital requirements will be more 
risk-sensitive and more sophisticated than in the past, thus enabling a better 
coverage of the real risks run by any particular insurer. The new requirements 
move away from a crude ‘one-model-fits-all’ way of estimating capital require-
ments to requirements that better fit insurers’ risk profiles. Solvency II also puts 
a greater focus on risk management, as well as introducing stricter rules on the 
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disclosure of certain information publicly” [2]. 
Consequently, the economic capital that an insurance company sets aside 

must cover all types of risk, such as market, credit, insurance and operational. 
This capital must be sufficient to cover for losses that occur at a 99.5% confi-
dence level or equivalently at a 99.5% Value-at-Risk (VaR) level, over a one-year 
horizon. This is applicable under all methodologies applied, i.e. the standard 
formula, a simplification of the standard formula, an internal model and a par-
tial internal model. Market risk is one of the types of risk that can be relatively 
easily quantified with the aforementioned metric. The economic capital required 
to cover for such risk can be also calculated in a relatively straightforward man-
ner compared with other types of risk. One source of market risk is interest rate. 
The risk in this case is the shift of the risk-free rate and/or of the spread. The 
most well known measure of this risk is the duration. The duration is used to 
calculate the VaR of fixed income asset and liabilities. 

However, not all insurance companies are the same, therefore, the Solvency II 
Directive provisions for proportionality. The rationale of the regulator is stated 
in the directive: “In order to ensure the effectiveness of the supervision all ac-
tions taken by the supervisory authorities should be proportionate to the nature, 
scale and complexity of the risks inherent in the business of an insurance or 
reinsurance undertaking, regardless of the importance of the undertaking con-
cerned for the overall financial stability of the market” [1]. This implies that the 
“Regulation provides for numerous simplifications in quantitative requirements, 
where justified by the nature, scale and complexity of the risks that the (insur-
ance or reinsurance undertakings) face” [2]. One such simplification is of the 
calculation of the capital requirement for interest rate risk (Article 103, Euro-
pean Commission [2]), well intended for captive insurance or reinsurance un-
dertakings. In this paper we evaluate the accuracy of the simplified calculations 
against the standard formula calculations and measure the distance between the 
two calculations. As a matter of fact we realize that this distance in not bounded 
(theoretically) and we demonstrate that via numerical applications. In order to 
calculate the interest rate capital requirement and the deviation between the two 
methods we employ the value of the assets and the liabilities and the time to 
maturity or the duration, as indicated by the relevant formulas. 

1.1. The History of Solvency II 

It is worth devoting a short paragraph to the history of the Solvency II require-
ments for the non-expert readers. Solvency II practically pertains to solvency 
margin requirements in Europe, whose origin goes back to 1973 with the 
non-life directive, continues with the life directive in 1979 and extends with the 
third life and non-life directives in 1992. In 2002 the Solvency I framework is 
launched to incorporate all previous directives and in 2009 the Solvency II 
framework commences [3] to be implemented though in 2016 for member states 
of the European Union. The main steps in reaching the Solvency II framework 
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commenced in 2004, when the European Commission issued three waves of calls 
for advice to the Committee of European Insurance and Occupational Pensions 
Supervisors (CEIOPS). In 2007 the European Commission adopted the Solvency 
II proposal, which was followed by an amended proposal in 2008. A series of five 
Quantitative Impact Studies (QIS) studies took place from 2005 to 2010 in order 
to assess the capital requirements of the insurance industry in the intended Sol-
vency II framework. 

Solvency II was deemed necessary as over its 40 years of existence, the Sol-
vency I regime showed structural weaknesses. It was not risk sensitive and a 
number of key risks, including market, credit and operational risks were either 
not captured at all in capital requirements or were not properly taken into ac-
count in the one-model-fits-all approach. This lack of risk sensitivity had the 
following consequences: 1) owing to its simplistic model, the Solvency I frame-
work does not lead to an accurate assessment of each insurer’s risks; 2) it does 
not ensure accurate and timely intervention by supervisors; 3) it does not entail 
an optimal allocation of capital, i.e. an allocation which is efficient in terms of 
risk and return for shareholders [4].  

The Solvency II framework, like the Basel framework for banks, proposes to 
remedy these shortcomings. It is divided into three “pillars”: 1) pillar 1, which 
sets out quantitative requirements, including the rules to value assets and liabili-
ties, to calculate capital requirements and to identify eligible own funds to cover 
those requirements; 2) pillar 2, which sets out requirements for risk manage-
ment, governance, as well as the details of the supervisory process with compe-
tent authorities, so as to ensure that the regulatory framework is combined with 
each undertaking’s own risk-management system and informs business deci-
sions; 3) pillar 3, which addresses transparency, reporting to supervisory author-
ities and disclosure to the public, thereby enhancing market discipline and in-
creasing comparability, leading to more competition. Capital requirements un-
der Solvency II are forward-looking and economic, i.e. they are tailored to the 
specific risks borne by each insurer, allowing an optimal allocation of capital 
across the EU [4]. 

Of interest to the problem we tackle in this paper is that the capital require-
ments are defined along a two-step ladder, including the solvency capital re-
quirements (SCR) and the minimum capital requirements (MCR), in order to 
trigger proportionate and timely supervisory intervention. The new regime eli-
minates the restrictions that were imposed by Member States on the composi-
tion of insurers’ investment portfolios. Instead, insurers are free to invest ac-
cording to the “prudent person principle” and capital requirements will depend 
on the actual risk of investments. 

1.2. Literature Review 

The key concept of the interest rate risk capital requirement is that of duration. 
Although known, we look briefly at the historical background to understand its 
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importance in the Solvency II framework. Back in 1970 the interest rates were 
low, the coupon flows were in comparison to the principal payment very small 
and the maturity dates were very similar. Thus maturity was a good measure to 
interpret the bond’s life [5]. As the environment became more turbulent the 
need for another measure became apparent. The measure of duration served that 
need [6]. It is now commonly known as the Macaulay Duration had already been 
introduced in 1938 by Frederic Macaulay but it wasn’t until later that it gained 
recognition. Thus in 1952 Frank Redington [7] published his work on immuni-
zation using the Macaulay Duration. The theory of Redington would later de-
velop in the immunization portfolio strategy. Later on in 1969 Fisher and Weil 
[8] also studied interest rate fluctuations. In 1986 the First International Confe-
rence in Insurance Solvency took place in Philadelphia [9]. Finally in 1994 
JPMorgan introduced Risk Metrics and popularized Value-at-Risk [10]. 

When it comes to market risk and in particular interest rate risk, there is a 
rich literature with regards to the economic capital calculation. One can see for 
example, Marrison [11]. Van Beers and Elshof [12] study the simplifications as-
sumed in the standard formula with regards to interest rate risk for the evalua-
tion of the SCR. Their interest is in whether the Solvency II standard formula 
provides a good measure for the interest rate risk an insurer is facing. They con-
clude that the standard formula incorporates simplifications that can lead to se-
rious drawbacks in the management of interest rate risk, especially with liabili-
ties with high expected premium income, long term guarantees and/or a materi-
al risk margin. They recommend an alternative method. 

Interest rate risk is considered not adequately captured in the current low in-
terest rate environment and alternatives are assessed. EIOPA (European Insur-
ance and Occupational Pensions Authority) has included the topic in its discus-
sion/consultation paper launched in December 2016 [12]. The purpose of the 
paper is to give to the insurance sector the opportunity to react or identify points 
of improvement in the Solvency II framework. The issue that emerged with re-
gards to the interest rate risk is that the relative stress factor approach does not 
seem to be appropriate when interest rates are negative. 

Gatzert and Martin [13] provide an alternative approach to the standard 
model, via a partial internal risk model using a model that accounts for credit, 
equity, and interest rate risk inherent in a portfolio of stocks and bonds. They 
find that the SCR strongly depend on the quality and composition of an insurer’s 
asset portfolio and that model risk in regard to model choice and calibration 
plays an important role in the quantification. 

Horing [14] studies whether the new regulatory capital requirements for 
market risk are a binding constraint for European insurers by comparing the 
required market risk capital of the Solvency II standard model with the Standard 
& Poor’s rating model. His results show that Solvency II does not seem to be a 
binding capital constraint for market risk and thus would not significantly in-
fluence the insurance companies’ investment strategies. 
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Braun et al. [15] optimize a life insurance company’s asset allocation in the 
context of classical portfolio theory when the firm has to follow the market risk 
capital (including interest rate risk) requirements of Solvency II. Their results 
indicate that the standard formula suffers from severe shortcomings that can af-
fect asset management decisions. Consequently, there can be adverse impact on 
certain parts of the European insurance sector.   

Peleckiene and Peleckis [16] investigate the results of the last impact assess-
ment with long-term guarantees to the current Solvency II framework to cope 
with artificial volatility and low interest rate environment and to ensure both 
transparency and level-playing field. After the impact assessment EIOPA ana-
lyzed each measure against the objectives and recommended the inclusion of 
measures such as extrapolation, classical matching adjustment, transitional 
measures, and extension of the recovery period, not to include the so-called ex-
tended matching adjustment on the basis that it would not provide sufficient po-
licyholder protection. 

We realize that the simplifications as introduced [2] for insurance companies, 
have not been the objective of research so far. This is where our research focuses 
and there lies the novelty of our contribution. 

2. Background Discussion 

Market risk, as borne by insurance companies, is measured via the market risk 
module (of the standard formula or other approach). It calculates the SCR that is 
needed in order to cover for the market risk. Similar modules are used for all 
types of risks. Market risk is created from the volatility of market prices of finan-
cial instruments. We treat the assets and the liabilities of an insurance company 
as financial instruments. The influence of the volatility of financial variables 
such as stock prices, interest rates, real estate prices and foreign exchange rates 
reflects the exposure to market risk and as such qualifies them as potential 
sources of market risk. For this reason the market risk module for insurance 
companies consists of the following sub-modules: 1) interest rate risk 
sub-module; 2) equity risk sub-module; 3) property risk sub-module; 4) spread 
risk sub-module; 5) currency risk sub-module and 6) market risk concentrations 
sub-module. 

The capital requirement for market risk according to Article 164 of the Dele-
gated Regulation (EU) 2015/35 [2] is calculated by the following equation: 

,market i j i jSCR Corr SCR SCR⋅ ⋅=                    (1) 

where 
1) i, j are market risk sub-modules and the sum takes into account all the 

combinations i, j of sub-modules of the market risk module. 
2) ,i jCorr  is the correlation parameter for market risk between sub-modules 

i, j (Table 1). 
3) iSCR  and jSCR  are the capital requirement for sub-modules i, j respec-

tively. 
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Table 1. Correlation matrix. 

J 
I 

Interest rate Equity Property Spread Concentration Currency 

Interest rate 1 A A A 0 0.25 

Equity A 1 0.75 0.75 0 0.25 

Property A 0.75 1 0.5 0 0.25 

Spread A 0.75 0.5 1 0 0.25 

Concentration 0 0 0 0 1 0 

Currency 0.25 0.25 0.25 0.25 0 1 

 
In accordance with Article 165 of the Delegated Regulation (EU) 2015/35 [2] 

when the capital requirement for interest rate risk is the sum, over all currencies, 
of the capital requirements for the risk of an increase in the level (term struc-
ture) of interest rates, then the parameter A is equal to zero. In all other cases the 
parameter A equals to 0.5.  

2.1. Interest Rate Risk Sub-Module 

When the absolute level of interest rates changes or the spread between two rates 
widens or narrows then an investor faces interest rate risk. In general any dif-
ference in the shape of the yield curve is related to interest rate risk. Due to the 
fact that the value of assets and liabilities of an insurance company strongly de-
pends on the level of interest rates, it is essential that a different sub-module 
gives the capital requirement for interest rate risk.  

The capital requirement for an insurance company for interest rate risk in ac-
cordance to Article 165 of the Delegated Regulation (EU) 2015/35 [2] is equal to 
the larger of the following: 

1) The aggregate capital requirements for all currencies for the risk of an in-
crease in the term structure of interest rates. 

2) The aggregate capital requirements for all currencies for the risk of a de-
crease in the term structure of interest rates. 

Because assets and liabilities are interest rate sensitive, any increase or de-
crease, as described above could influence the basic own funds. According to 
Table 2 if an instantaneous change in the level of interest rate happens, the cap-
ital requirement for the risk of that change is considered to be equal to the loss 
in the basic own funds that we would have if the same change in basic risk free 
interest rates occurred. The increase or decrease refers to funds of a certain cur-
rency at interest rates that correspond to different maturities. 

The capital requirement for the interest rate risk is considered to be the result 
of two pre-defined scenarios [17] [18] [19]: 

|Up
intSCR NAV Up= ∆                      (2) 

|Down
intSCR NAV Down= ∆                    (3) 

where |NAV Up∆  and |NAV Down∆  represent the NAV∆  that is caused  
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Table 2. Stress factors. 

Maturity (years) Increase (%) Decrease (%) 

1 70 75 

2 70 65 

3 64 56 

4 59 50 

5 55 46 

6 52 42 

7 49 39 

8 47 36 

9 44 33 

10 42 31 

11 39 30 

12 37 29 

13 35 28 

14 34 28 

15 33 27 

16 31 28 

17 30 28 

18 29 28 

19 27 29 

20 26 29 

90 20 20 

 
due to the revaluation of the interest rate dependent items when interest rates 
rise or fall respectively. NAV is the Net Asset Value, whereas ΔNAV denotes the 
change in the Net Asset Value. The stress causing these changes is instantaneous. 

The new term structures are the result of the multiplication of the current in-
terest rate curve with the stress factors ( )1 Ups+  and ( )1 Downs+ . These stress 
factors for the upward or the downward stress are found in Table 1 and corres-
pond to different maturities. To understand how the above stress factors are 
used we consider three examples/cases: 

1) When the maturity is lower than one year we use the stress factor that is 
given for the maturity of one year, meaning 70% or 75% for an increase or a de-
crease respectively.  

2) When the maturity is longer than 90 years we use the given stress factor for 
a maturity of 90 years, meaning 20% in both cases.  

3) For other maturities, e.g. 1.5 years, which fall between the given values we 
use linear interpolation to find the value of the stress factor.  

The change of basic risk free rates at any maturity should be at least one per-
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centage point when there is an increase. However, where the unstressed rate is 
less than 1% the shocked rate should be nil. This constraint does not apply to 
index linked bonds (i.e. those which contain no material inflation risk). 

As a result we receive four different capital requirements.  
1) The first two are the aforementioned Up

intSCR  and Down
intSCR . 

2) We also get capital requirements for an upward or downward shock in 
which the loss absorbing capacity is included. The notation for these capital 
requirements are Up

intnSCR  and Down
intnSCR  respectively. 

We choose the highest capital requirement that includes the loss absorbing 
capacity for technical provisions. 

The SCR could be also calculated by using a simplified method or simplifica-
tion. In particular the insurance or reinsurance undertakings could use these 
methods in order to value assets and liabilities and generally calibrate technical 
provisions arising as a result of determining the impact of a scenario that we 
have earlier mentioned. This occurs under the condition that the simplification 
does not lead to a misstatement of SCR or if it does the calculated SCR is higher 
than the SCR of the standard formula.  

2.2. Simplifications 

With simplified method or simplification reference is made to a condition where 
in agreement with the proportionality principle a valuation technique has been 
simplified. As mentioned earlier insurance and reinsurance undertakings should 
use methods to calculate technical provisions which are proportionate to the 
nature, scale and complexity of the risks underlying their insurance and rein-
surance obligations.  

In order to define whether a method is proportionate, insurance and reinsur-
ance undertakings must perform an assessment of the nature, scale and com-
plexity of the risks underlying their obligations. They should also perform a 
quantitative or qualitative evaluation of the error introduced in the results of the 
method that is caused due to any variation in the assumptions underlying the 
method (in relation to the risks) or in the results of the assessment. 

2.2.1. Simplified Calculation of Interest Rate Sub-Module 
When using a simplified method to calculate the SCR for the market risk we use 
a simplified duration. There is a certain duration assigned to each maturity as 
shown in the following table. 

We basically group the assets in buckets of maturity and cash flows onto a li-
mited number of points on the yield curve. This enables us to reduce the data we 
would normally need to use and as a consequence to save valuable time. The 
capital requirements for an upward or downward shock in the term structure of 
interest rates (IR) are the following: 

( )

( )

,

,

up i i i i upi

lob lob lob lob uplob

IR MVAL dur rate stress

BE dur rate stress

=

⋅ ⋅−

⋅ ⋅

⋅

∑
∑

            (4) 
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( )

( )

,

,

down i i i i downi

lob lob lob lob downlob

IR MVAL dur rate stress

BE dur rate stress

⋅ ⋅

⋅ ⋅

=

− ⋅

∑
∑

          (5) 

where 
1) iMVAL  is the market value of the difference between assets and liabilities 

for a specific maturity interval i. 
2) idur  denotes the simplified duration that is set for the maturity interval i. 
3) irate  is the risk free rate for idur  for a maturity interval i. 
4) ( ),i upstress , ( ),i downstress  are the stress factors from the given table for an 

upward stress and a downward stress of interest rate respectively. 
5) lob denotes the lines of business. 
6) lobBE  refers to the best estimation for lob. 
7) lobdur  is the modified duration of the .lobBE  
8) lobrate  is the risk free rate for .lobdur  
9) ( ) ( ), ,,lob up lob downstress stress  are the stress factors for an upward stress and a 

downward stress of interest rate respectively. 
As before, we have two cases, one for the risk of an increase in interest rates 

and one for the risk of a decrease in interest rates. The maturity intervals i are 
grouped as we mentioned above. 

When using a simplified method for calculating intSCR  it is important to as-
sume that all assets and liabilities which are sensitive to changes in the level of 
interest rates are materially less diversified concerning maturity intervals and 
lines of business compared to those of the standard formula [20]. 

The calculation of SCR with a simplified method should be done separately 
for assets of different currency. The lines of business according Annex I of 
Directive 2009/138/EC are life insurance and reinsurance obligations, non-life 
insurance obligations, proportional non-life reinsurance obligations and 
non-proportional non-life reinsurance obligations. 

2.2.2. Duration Simplifications 
Duration is a measure of a portfolio’s exposure to changes in the term structure 
of interest rates. It measures the sensitivity of the value of an item i.e. bond to 
changes in its yield. Therefore, if we know the duration and the possible shift in 
the term structure of interest rates, we have a measure of the possible loss an 
undertaking could face. The duration of a portfolio is the weighted average of 
the durations of the assets and liabilities of which the portfolio consists of. The 
weight of each asset or liability is equal to the value of the asset or the liability 
divided by the value of the portfolio. 

When using a simplified method in order to calculate the solvency capital re-
quirement, a simplified duration is used. All assets and liabilities are grouped in 
duration bands. The grouping is made only for assets or only for liabilities. The 
duration bands are those mentioned earlier in Table 3. There is a matching be-
tween the assets that correspond to certain duration and liabilities of similar du-
ration.  
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Table 3. Duration simplification. 

Maturity of Assets Duration 

<1 year 0.5 year 

1 - 3 years 2 years 

3 - 5 years 4 years 

5 - 10 years 7 years 

>10 years 12 years 

 
Considering the duration years in Table 3 we notice that there are durations 

close enough to the initial maturities but there are other durations that deviate 
significantly from the initial maturity. For example when the maturity of an asset 
is 20 years then the simplified duration for maturities longer than 10 years is 
used, which is equal to 12 years. Whether the maturity of an asset or a liability is 
11 years or 20 years it does not make any difference in the value of the simplified 
duration used for the SCR calculation. This could possibly lead to a misstate-
ment of capital requirement. In fact as we are going to prove later, this could 
lead to a smaller solvency capital requirement. 

We consider a portfolio of assets and liabilities. Let as assume that the portfo-
lio consists only of bonds with different durations. Then the duration of the 
portfolio will be given by the following equation: 

1
N

portf i iiD w D
=

= ∑ ,                       (6) 

where iw  is the weight of each bond so that their sum equals 1. Each weight is 
equal to the value of the bond divided by the value of the portfolio. We assume 
now that in the calculation of the simplified duration of the portfolio, new 
weights are being used. The simplified duration of the portfolio is given by the 
following equation: 

1
N

portf i iiD w D
=

′ ′ ′= ∑ .                       (7) 

The sum of the new weights should sum as well to one. As described pre-
viously the duration mapping of the assets and the liabilities when using the 
simplified formula is expressed by: 

( ) ( )

( )
1 2 3 4 5 6 7 8 9

10 11

0.5 2 4

12

portf

N
i ii

D w w w w w w w w w

w w D
=

′ ′ ′ ′ ′ ′ ′ ′ ′ ′= + + + + + + + +

′ ′ ′+ +∑
     (8) 

Another way to use the simplified formula and take a more accurate result 
would be to use the following formula that gives a better weighted average of 
each asset or liability in respect to its duration:  

51 1
2 4

5 10 10
6 7 8 9 11

0.5 2 4
2 2 2 2 2

7 12
2 2 2

portf

N
i ii

ww w w wD w w

w w ww w w w w D
=

′′ ′ ′ ′    ′′ ′ ′= + + + + + +     
     

′ ′ ′   ′ ′ ′ ′ ′ ′+ + + + + + + +   
   

∑
  (9) 
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A way to evaluate whether the use of the simplified formula leads to consistent 
results is to calculate the difference between the actual duration and the simpli-
fied duration of the portfolio: 

portf portfD D′−  or portf portfD D′′−                (10) 

In the following sections we will investigate, both with the appropriate ma-
thematics (algebraic calculations) and numerical applications the difference in 
the SCR without and with the simplifications as set out by the regulator, apply-
ing the aforementioned principle to the capital requirement calculations. 

3. The Impact of the Simplifications 

In this section we will try to assess the impact of the simplifications on the inter-
est rate risk. To elaborate we start with a portfolio consisting of only one bond 
with maturity date equal to N years, then we extend our arguments to a portfolio 
of bonds and finally we consider both assets and liabilities. 

3.1. Asset Only: Zero-Coupon Bond 

In the case of a zero coupon bond in the asset side only, with a price (or present 
value) of AP  and duration AD , if the interest rate r shifts by Δr, then the 
change in the value of the portfolio AP∆  is (approximately, denoted by ≈ ) 
equal to  

1
1A A AP D P r

r
∆ ≈ − ∆

+
                   (11) 

if the actual duration AD  is used or 

1
1

S S
A A AP D P r

r
∆ ≈ − ∆

+
                    (12) 

if the simplified duration S
AD  is used. This is the simplified duration closest to 

the actual one. 
The error of the simplification is the difference between the changes in the 

value of the bond (which is in this case the asset portfolio) with the use of the 
actual and the simplified duration.  

( ) ( )1 ,
1

S S
A A A A AError P P P r D D

r
= ∆ − ∆ = − ∆ −

+
          (13) 

( )( ) ( )( ) ,S S
A A A AError c r D D c r T T= − = −            (14) 

where AT  is the maturity of the zero-coupon bond, S
AT  is the maturity with 

the simplification and c(r) is a function of r. For a zero-coupon bond with a 
maturity A AT N D= =  longer than 12 years (N > 12) we see that 

( )( )12 .Error c r N= −                    (15) 

Thus the error is a function of r multiplied with the term ( )12N − . It is im-
portant to remember that 12 years is the maximum value the simplified duration 
can take. As we can see the value of the error gets bigger in absolute terms as the 
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time to maturity grows. This means that there is no bound in the error caused by 
the simplification. 

3.2. Asset Only: Coupon-Bearing Bond  

In case of a coupon-bearing bond we realize that Equation (11) and Equation (12) 
of Section 3.1 above hold true, hence 

( ) ( )1 ,
1

S S
A A A A AError P P P r D D

r
= ∆ − ∆ = − ∆ −

+
         (16) 

with the same notation as before. For a bond with 12AT >  the error term be-
comes 

( )( )12 ,Error c r N= −                    (17) 

where AN D= . Once and again we realize that as the duration increases, the 
error increases in absolute terms as well and can be practically unbounded. 

In the case that the maturity of the bond is less than 12 years ( )12AD <  the 
error becomes 

( )( ) ,S
A AError c r D D= −                   (18) 

where S
AD  is the simplified duration that is closest to the actual one. In this 

case we expect a smaller error than in the previous case. 

3.3. Asset Only: Bond Portfolio 

If instead of a bond we consider a bond portfolio, then with the understanding 
of the formulas (6) and (7) of Section 2.4.3 we realize that the error term be-
comes as above 

( )( ) ,S
A AError c r D D= −                   (19) 

where the durations (actual and simplified) this time are the ones of the portfo-
lio. We see that the error once and again becomes higher as the duration of the 
asset portfolio increases, whereas the simplified duration practically remains 
bounded by 12 years. Consequently, for portfolios that contain assets with high 
maturities (and therefore durations) the error can be high enough. 

3.4. Assets and Liabilities: Immunized Portfolio 

We now consider assets and liabilities together. For simplicity we consider one 
asset and one liability, with one payment each, realizing that this is without loss 
of generality and that the discussion that follows is still applicable for a portfolio 
of assets and liabilities, as is indicated by the findings of Section 3.3 above. We 
denote by A, L the present values, AT  and LT  the maturity dates and AD  
and LD  the durations of the assets and the liabilities respectively. Moreover, let 

ATr  and 
LTr  be the spot rates that correspond to the maturities AT  and LT . 

Finally, we define k to be the ratio of the present value of the liabilities over 
assets, i.e. k L A= . We expect normally 1k ≤  for an insurance company that 
has enough assets to cover for its liabilities and we will therefore assume that this 
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is indeed the case. 
We initially consider an immunized portfolio, meaning that A LD D=  or 

equivalently A LT T=  as we assumed one payment both for assets and liabilities. 
This implies that S S

A LD D=  or S S
A LT T=  (using the wording of the directive 

that refers to maturities). If this is the case, then 
A LT Tr r= . We calculate the IR 

(up or down) with and without the simplifications using Equation (4) and Equa-
tion (5) of Section 2.4.1 to see that 

( ) ( )A L A LA T L T A T L TIR AT r LT r r A T r kT r r= − ⋅∆ = − ⋅∆         (20) 

( ) ( )A L A L

S S S S S
A T L T A T L TIR AT r LT r r A T r kT r r= − ⋅∆ = − ⋅∆        (21) 

( ) ( ) ( )( )A L

S S S
A A T L L TError IR IR A T T r k T T r r= − = − − − ⋅∆      (22) 

( )( )( ) ( ) ( )1
A L A

S S
A A T T A A TError A T T r kr r A r T T r k= − − ⋅∆ = ⋅∆ ⋅ − −    (23) 

Therefore once more 

( )( ).S
A AError c r D D= −                  (24) 

The error gets bigger as time to maturity (duration) grows. If the maturity 
(duration) of the asset (and liability) is greater than 12 years, then the error can 
be practically unbounded. 

3.5. Assets and Liabilities: Generic (Non-Immunized) Portfolio 

We start with the case where AT  takes the maximum possible value (greater 
than 12) and LT  takes the minimum possible value, lower than 1/2. Therefore, 
their corresponding simplifications are 12 and 1/2 respectively. This means that 

A LT T  (  denoting very much greater) and that 1 2 1 2LT − ≤ . Further-
more we assume that the interest rate term structure is normal, hence 

A LT Tr r≥  
or 

L AT Tr r− ≥ − . We see that 

( ) ( )A L A LA T L T A T L TIR AT r LT r r A T r kT r r= − ⋅∆ = − ⋅∆         (25) 

( )( ) ( )( )12 1 2 12 1 2
A L A L

S
T T T TIR A r L r r A r k r r= − ⋅∆ = − ⋅∆      (26) 

Therefore, 

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

( ) ( ) ( ) ( )

12 1 2

12 1 2

12 1 2

12 1 2 12.5

12.5 12.5

A L

A L

A L

A A

A A

A T L T

A T T

A T T

A T A T

T A T A

Error A r T r k T r

A r T r k r

A r T r r

A r T r A r T r

c r T c r D

= ⋅∆ ⋅ − − −

≥ ⋅∆ ⋅ − −

≥ ⋅∆ ⋅ − −

≥ ⋅∆ ⋅ − − = ⋅∆ ⋅ −

= ⋅ − = ⋅ −

    (27) 

The second inequality holds true because 1 2 1 2LT − ≤ , the third because 
1k ≤  and the fourth because

L AT Tr r− ≥ − . Consequently, the error can be un-
bounded, similarly to what we saw earlier for the asset only.  

In the general case, where A LT T , i.e. the maturity of assets is unbounded 
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and the maturity of the liabilities is, and the interest rate term structure is nor-
mal, we see that 

( ) ( )A L A LA T L T A T L TIR AT r LT r r A T r kT r r= − ⋅∆ = − ⋅∆         (28) 

( ) ( )A L A L

S S S S S
A T L T A T L TIR AT r LT r r A T r kT r r= − ⋅∆ = − ⋅∆        (29) 

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

( ) ( )( )
( )

A L

A L

A

A

S S
A A T L L T

S S
A A T L L T

S S
T A A L L

S S
T A A L L

Error A r T T r k T T r

A r T T r T T r

A r r T T T T

A r r T T T T

= ⋅∆ ⋅ − − −

≥ ⋅∆ ⋅ − − −

≥ ⋅ ⋅ ∆ ⋅ − − −

= ⋅ ⋅ ∆ ⋅ − − +

 

( )( )
( )

( )( )
( )( )

12 1 2

11.5

,

A

A

T A L

T A L

A

A

A r r T T

A r r T T

c r T b

c r D b

≥ ⋅ ⋅ ∆ ⋅ − − +

= ⋅ ⋅ ∆ ⋅ − −

= −

= −

              (30) 

where 11.5Lb T= + . The second inequality holds true because 1k ≤  and the 
third because 

L AT Tr r− ≥ − . We have assumed that 0S
L LT T− ≥ . If it is not, then 

we can totally drop this term, as with the minus sign it becomes positive, and 
still come with a similar output. We readily see that the error term is also un-
bounded as the duration of the assets increases. 

Finally, let us assume that 12LT   and not bounded and that AT  is 
bounded—even that the maximum maturity of available assets is used. This 
practically reflects the unavailability of assets to match liabilities. Therefore, we 
see that L AT T . We get as before that 

( ) ( )A L A LA T L T A T L TIR AT r LT r r A T r kT r r= − ⋅∆ = − ⋅∆        (31) 

( ) ( )12 12
A L A L

S S S
A T L T T TIR AT r LT r r A r k r r= − ⋅∆ = − ⋅∆       (32) 

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

12 12

1 12 12
A L

L A

A T L T

L T A T

Error A T r k T r r

A T r k T r r

= ⋅ − − − ⋅∆

= ⋅ − ⋅ − − − ⋅∆
       (33) 

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

12 12

12 12
A

A

T L A

T L A

Error A r r T k T

A r r k T k T k

≥ ⋅ ⋅ ∆ ⋅ − − −

= ⋅ ⋅ ∆ ⋅ ⋅ − − −
 

( )( )LError c r T b≥ −  

( )( )LError c r D b≥ −                   (34) 

where b is constant. This can be unbounded as the time to maturity (or duration) 
of the liability grows. Combining the above, we see that 

( ) ( )max , ,A LError c r D D b≥ −               (35) 

where b is constant. The error gets bigger as the time to maturity (duration) 
grows. For maturities (durations) that are greater than 12 years we see that the 
error can be unbounded. 
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4. Numerical Applications 

We perform a series of numerical applications using the guidelines of the Sol-
vency II directive to indicate that the difference of the capital requirement as 
calculated with and without the simplifications can be significant. In all the ex-
amples we use the Long Term Guarantee Assessment spot curve for the interest 
rates, as shown in Table 4 and Figure 1 of the Appendix. The mortality table is 
the CSO 2001 [21].  

4.1. Single Premium Lump Sum at Maturity Endowment 

We consider an insurance policy that pays at maturity a lump sum to the poli-
cyholder if he is alive or to the beneficiaries in case the policyholder dies before 
maturity. The payment of the lump sum amount takes place at maturity only. 
We also assume that this is a single premium policy, i.e. the policyholder makes 
a single premium payment at the initiation of the policy and makes no other 
payments afterwards. We also assume that there are no expenses. In our numer-
ical example the policyholder (male age 50) is guaranteed by the insurer an 
amount of 1000 Euro at the end of 20 years and that the technical interest rate 
(i.e. the rate of the guarantee) is 3%. This means that the single premium 
amount is 553.68 Euro. As an asset the insurer chooses to buy a 25-year ze-
ro-coupon corporate bond (rated A) with a face value of 500 Euro. We calculate 
the Best Estimate Liability (BEL) without and with the simplifications and we do 
the same for the asset. We realize that the drop of the interest rates results in an 
SCR level of 45.96 Euro without and an SCR level of 16.73 Euro with the simpli-
fication (Tables 5-7 of the Appendix). The simplification results in an underes-
timate of the capital requirement. 

4.2. Single Premium Lump Sum Endowment 

We now examine how the previous outcome changes if the policyholder receives 
the lump sum at maturity if he survives, but the policyholders receive the same 
amount at (the end of) the year of his death if he dies earlier. All other things 
remain the same. In this case we find that the drop of the interest rates results in 
an SCR level of 40.64 Euro without and an SCR level of 14.75 Euro with the sim-
plification (Tables 8-10 of the Appendix). The simplification again results in an 
underestimate of the capital requirement. 

4.3. Regular Premium Lump Sum Endowment 

As a third example we consider a regular premium endowment. The amount is 
paid as a lump sum at maturity if the policyholder survives and the policyholders 
receive the same amount at (the end of) the year of his death if he dies earlier. In 
this example though the premium us paid periodically (annually). The annual 
premium is 23.05 Euro. In addition, we assume that the bond is coupon-bearing 
and pays an annual coupon of 4%. We perform the same calculations to see that 
the drop of interest rates results in an SCR level of −9.69 Euro without the sim-
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plification and 29.25 Euro with the simplification (Tables 11-13 of the Appen-
dix). This shows that this time there is a significant overestimation with the use 
of the simplification. 

5. Result Assessment 

In Sections 3 and 4 above, either with the use of mathematics or via numerical 
application we were able to elaborate that the use of simplifications can lead to 
significant discrepancies between the estimated capital requirement for the in-
terest rate risk and the actual one. This means that the insurers may be either 
over or under capitalized. In the first case they draw money from the sharehold-
ers that may not be necessary. In a period during which capital is scarce, this can 
be a showstopper if the shareholders are not willing to provide this capital or 
require a high (risk-adjusted) return in order to inject such capital. The policy-
holders, the lenders and the regulatory authorities are the benefited parties, as 
the cushion of the insurer to absorb risks will be higher than needed. In the 
second case, the insurer will ask for less funding from the shareholders; however 
in such a case the insured and the lenders will be potentially facing a higher risk 
in case the insurer is exposed at risks that its capital is not sufficient for covering. 
The regulatory authorities will have to deal with a distressed company would 
that happen. 

Policy makers may need to reconsider simplifications and rather focus on op-
timizing the standard formula calculations, so as to capture the idiosyncrasies of 
the insurance undertakings, at least with regards to the interest rate risk. We 
would therefore recommend, based on our findings, to move in this direction, 
i.e. improving the standard formula to better reflect the interest rate risk and 
most likely drop simplifications. This has the additional benefit of better map-
ping the relevant risk, which is to the interest of the insurer, the regulator, the 
shareholder and of course the insured. 

6. Future Research 

Our current study focused on the assessment of the simplifications that can be 
used for the measurement of interest rate risk. We leave for future research other 
forms of market risk simplifications, as well as other risk simplifications.  

7. Conclusions 

Simplifications are very important because in many cases the insurance and 
reinsurance undertakings could prefer to use them instead of the standard for-
mula for the calibration of the solvency capital requirement. The simplification 
should be used under the condition that the technical provisions are proportio-
nate to nature, scale and complexity of the underlying risks. It is understood 
though that a simplified method is required to have the accuracy of the standard 
formula or an internal model. 

In the previous assessment the theoretical evaluation as well as the numerical 
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applications indicated that there can be a significant error as a result of the as-
sumptions underlying the simplified method for the quantification of the inter-
est rate risk. Thus attention has to be paid so that simplifications do not lead to 
inadequate or over-reserved capital. 
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Appendix 

 

Figure 1. LTGA spot curve. 
 

Table 4. LTGA spot curve. 
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Table 5. Single premium lump sum at maturity endowment—Assets. 
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13 - 2.308% - 28% 35% 1.662% 3.116% - - 

14 - 2.352% - 28% 34% 1.694% 3.152% - - 

15 - 2.381% - 27% 33% 1.738% 3.167% - - 

16 - 2.399% - 28% 31% 1.727% 3.142% - - 

17 - 2.405% - 28% 30% 1.732% 3.127% - - 

18 - 2.405% - 28% 29% 1.731% 3.102% - - 

19 - 2.400% - 29% 27% 1.704% 3.048% - - 

20 - 2.392% - 29% 26% 1.699% 3.014% - - 

21 - 2.380% - 29% 26% 1.699% 3.014% - - 

22 - 2.364% - 29% 26% 1.699% 3.014% - - 

23 - 2.345% - 29% 26% 1.699% 3.014% - - 

24 - 2.323% - 29% 26% 1.699% 3.014% - - 

25 500.00 2.298% 283.35 29% 26% 1.699% 3.014% 328.17 237.97 

 
Table 6. Single premium lump sum at maturity endowment—Liabilities. 

t Age qx + t px tpx 
Expected 
OutFlows 

Expected 
InFlows 

Mathematical 
Reserve 

LTGA 
Spot curve 

Best  
Estimate 

Down Up 
LTGA 

DOWN 
LTGA 

UP 
BEL 

DOWN 
BEL UP 

0 50 
 

1.00000 1.00000 - 553.68 −553.68 
 

−553.68 
  

0.000% 0.000% −553.68 −553.68 

1 51 
 

1.00000 1.00000 - 
 

- 1.065% - 75% 70% 0.266% 1.810% - - 

2 52 
 

1.00000 1.00000 - 
 

- 0.962% - 65% 70% 0.337% 1.635% - - 

3 53 
 

1.00000 1.00000 - 
 

- 1.006% - 56% 64% 0.443% 1.650% - - 

4 54 
 

1.00000 1.00000 - 
 

- 1.189% - 50% 59% 0.595% 1.891% - - 

5 55 
 

1.00000 1.00000 - 
 

- 1.382% - 46% 55% 0.746% 2.143% - - 

6 56 
 

1.00000 1.00000 - 
 

- 1.572% - 42% 52% 0.912% 2.390% - - 

7 57 
 

1.00000 1.00000 - 
 

- 1.738% - 39% 49% 1.060% 2.590% - - 

8 58 
 

1.00000 1.00000 - 
 

- 1.868% - 36% 47% 1.196% 2.746% - - 

9 59 
 

1.00000 1.00000 - 
 

- 1.978% - 33% 44% 1.325% 2.848% - - 

10 60 
 

1.00000 1.00000 - 
 

- 2.075% - 31% 42% 1.432% 2.946% - - 

11 61 
 

1.00000 1.00000 - 
 

- 2.166% - 30% 39% 1.516% 3.011% - - 

12 62 
 

1.00000 1.00000 - 
 

- 2.249% - 29% 37% 1.596% 3.080% - - 

13 63 
 

1.00000 1.00000 - 
 

- 2.308% - 28% 35% 1.662% 3.116% - - 

14 64 
 

1.00000 1.00000 - 
 

- 2.352% - 28% 34% 1.694% 3.152% - - 

15 65 
 

1.00000 1.00000 - 
 

- 2.381% - 27% 33% 1.738% 3.167% - - 

16 66 
 

1.00000 1.00000 - 
 

- 2.399% - 28% 31% 1.727% 3.142% - - 

17 67 
 

1.00000 1.00000 - 
 

- 2.405% - 28% 30% 1.732% 3.127% - - 

18 68 
 

1.00000 1.00000 - 
 

- 2.405% - 28% 29% 1.731% 3.102% - - 

19 69 
 

1.00000 1.00000 - 
 

- 2.400% - 29% 27% 1.704% 3.048% - - 

20 70 
 

1.00000 1.00000 1000.00 - 553.68 2.392% 623.23 29% 26% 1.699% 3.014% 714.00 552.13 
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Table 7. Single premium lump sum at maturity endowment—SCR. 

Asset 
Simpl down 22.17 

Simpl up 28.29 

Liability 
Simpl down 5.44 

Simpl up 6.94 

Company 
Simpl down 16.73 

Simpl up 21.34 

Company 
Down 45.96 

Up −25.72 

 
Table 8. Single premium lump sum endowment—Asset. 

  
Asset-liab 188.51 

    
147.87 212.87 

   
283.35 

    
328.17 237.97 

t 
Expected 
InFlows 

LTGA Spot 
curve 

Market Value Down Up 
LTGA 

DOWN 
LTGA 

UP 
Market Value 

DOWN 
Market Value 

UP 

1 - 1.065% - 75% 70% 0.266% 1.810% - - 

2 - 0.962% - 65% 70% 0.337% 1.635% - - 

3 - 1.006% - 56% 64% 0.443% 1.650% - - 

4 - 1.189% - 50% 59% 0.595% 1.891% - - 

5 - 1.382% - 46% 55% 0.746% 2.143% - - 

6 - 1.572% - 42% 52% 0.912% 2.390% - - 

7 - 1.738% - 39% 49% 1.060% 2.590% - - 

8 - 1.868% - 36% 47% 1.196% 2.746% - - 

9 - 1.978% - 33% 44% 1.325% 2.848% - - 

10 - 2.075% - 31% 42% 1.432% 2.946% - - 

11 - 2.166% - 30% 39% 1.516% 3.011% - - 

12 - 2.249% - 29% 37% 1.596% 3.080% - - 

13 - 2.308% - 28% 35% 1.662% 3.116% - - 

14 - 2.352% - 28% 34% 1.694% 3.152% - - 

15 - 2.381% - 27% 33% 1.738% 3.167% - - 

16 - 2.399% - 28% 31% 1.727% 3.142% - - 

17 - 2.405% - 28% 30% 1.732% 3.127% - - 

18 - 2.405% - 28% 29% 1.731% 3.102% - - 

19 - 2.400% - 29% 27% 1.704% 3.048% - - 

20 - 2.392% - 29% 26% 1.699% 3.014% - - 

21 - 2.380% - 29% 26% 1.699% 3.014% - - 

22 - 2.364% - 29% 26% 1.699% 3.014% - - 

23 - 2.345% - 29% 26% 1.699% 3.014% - - 

24 - 2.323% - 29% 26% 1.699% 3.014% - - 

25 500.00 2.298% 283.35 29% 26% 1.699% 3.014% 328.17 237.97 
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Table 9. Single premium lump sum endowment—Liability. 

       
26.33 

 
94.84 

    
180.29 25.10 

t Age qx + t px tpx 
Expected 
outflows 

Expected 
inflows 

Mathematical 
Reserve 

LTGA 
Spot 
curve 

Best  
Estimate 

Down Up 
LTGA 

DOWN 
LTGA 

UP 
BEL 

DOWN 
BEL UP 

0 50 0.00376 0.99624 1.00000 - 553.68 −553.68 
 

−553.68 
  

0.000% 0.000% −553.68 −553.68 

1 51 0.00406 0.99594 0.99624 3.76 
 

3.65 1.065% 3.72 75% 70% 0.266% 1.810% 3.75 3.69 

2 52 0.00447 0.99553 0.99220 4.04 
 

3.81 0.962% 3.97 65% 70% 0.337% 1.635% 4.02 3.92 

3 53 0.00493 0.99507 0.98776 4.44 
 

4.06 1.006% 4.30 56% 64% 0.443% 1.650% 4.38 4.22 

4 54 0.00550 0.99450 0.98289 4.87 
 

4.33 1.189% 4.64 50% 59% 0.595% 1.891% 4.76 4.52 

5 55 0.00617 0.99383 0.97748 5.41 
 

4.66 1.382% 5.05 46% 55% 0.746% 2.143% 5.21 4.86 

6 56 0.00688 0.99312 0.97145 6.03 
 

5.05 1.572% 5.49 42% 52% 0.912% 2.390% 5.71 5.23 

7 57 0.00764 0.99236 0.96477 6.68 
 

5.43 1.738% 5.92 39% 49% 1.060% 2.590% 6.21 5.59 

8 58 0.00827 0.99173 0.95740 7.37 
 

5.82 1.868% 6.36 36% 47% 1.196% 2.746% 6.70 5.93 

9 59 0.00899 0.99101 0.94948 7.92 
 

6.07 1.978% 6.64 33% 44% 1.325% 2.848% 7.03 6.15 

10 60 0.00986 0.99014 0.94095 8.54 
 

6.35 2.075% 6.95 31% 42% 1.432% 2.946% 7.40 6.38 

11 61 0.01094 0.98906 0.93167 9.28 
 

6.70 2.166% 7.33 30% 39% 1.516% 3.011% 7.86 6.69 

12 62 0.01225 0.98775 0.92148 10.19 
 

7.15 2.249% 7.81 29% 37% 1.596% 3.080% 8.43 7.08 

13 63 0.01371 0.98629 0.91019 11.29 
 

7.69 2.308% 8.39 28% 35% 1.662% 3.116% 9.11 7.57 

14 64 0.01524 0.98476 0.89771 12.48 
 

8.25 2.352% 9.01 28% 34% 1.694% 3.152% 9.86 8.08 

15 65 0.01685 0.98315 0.88403 13.68 
 

8.78 2.381% 9.61 27% 33% 1.738% 3.167% 10.56 8.57 

16 66 0.01847 0.98153 0.86913 14.90 
 

9.28 2.399% 10.19 28% 31% 1.727% 3.142% 11.33 9.08 

17 67 0.02009 0.97991 0.85308 16.05 
 

9.71 2.405% 10.72 28% 30% 1.732% 3.127% 11.99 9.51 

18 68 0.02185 0.97815 0.83594 17.14 
 

10.07 2.405% 11.17 28% 29% 1.731% 3.102% 12.58 9.89 

19 69 0.02364 0.97636 0.81768 18.27 
 

10.42 2.400% 11.64 29% 27% 1.704% 3.048% 13.25 10.32 

20 70 0.02577 0.97423 0.79835 817.68 - 452.73 2.392% 509.60 29% 26% 1.699% 3.014% 583.82 451.46 

 
Table 10. Single premium lump sum endowment—SCR. 

Asset 
Simpl down 22.17 

Simpl up 28.29 

Liability 
Simpl down 7.42 

Simpl up 9.47 

Company 
Simpl down 14.75 

Simpl up 18.82 

Company 
Down 40.64 

Up −24.36 

 
Table 11. Regular premium lump sum endowment—Assets. 

  
Asset-liab 373.76 

    
383.45 346.03 

   
664.69 

    
739.74 588.95 

t 
Expected 
InFlows 

LTGA Spot 
curve 

Market Value Down Up 
LTGA 

DOWN 
LTGA 

UP 
Market Value 

DOWN 
Market Value 

UP 
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Continued 

1 20.00 1.065% 19.79 75% 70% 0.266% 1.810% 19.95 19.64 

2 20.00 0.962% 19.62 65% 70% 0.337% 1.635% 19.87 19.36 

3 20.00 1.006% 19.41 56% 64% 0.443% 1.650% 19.74 19.04 

4 20.00 1.189% 19.08 50% 59% 0.595% 1.891% 19.53 18.56 

5 20.00 1.382% 18.67 46% 55% 0.746% 2.143% 19.27 17.99 

6 20.00 1.572% 18.21 42% 52% 0.912% 2.390% 18.94 17.36 

7 20.00 1.738% 17.73 39% 49% 1.060% 2.590% 18.58 16.72 

8 20.00 1.868% 17.25 36% 47% 1.196% 2.746% 18.19 16.10 

9 20.00 1.978% 16.77 33% 44% 1.325% 2.848% 17.77 15.53 

10 20.00 2.075% 16.29 31% 42% 1.432% 2.946% 17.35 14.96 

11 20.00 2.166% 15.80 30% 39% 1.516% 3.011% 16.95 14.43 

12 20.00 2.249% 15.32 29% 37% 1.596% 3.080% 16.54 13.90 

13 20.00 2.308% 14.87 28% 35% 1.662% 3.116% 16.14 13.42 

14 20.00 2.352% 14.44 28% 34% 1.694% 3.152% 15.81 12.95 

15 20.00 2.381% 14.05 27% 33% 1.738% 3.167% 15.44 12.53 

16 20.00 2.399% 13.69 28% 31% 1.727% 3.142% 15.21 12.19 

17 20.00 2.405% 13.35 28% 30% 1.732% 3.127% 14.94 11.85 

18 20.00 2.405% 13.04 28% 29% 1.731% 3.102% 14.68 11.54 

19 20.00 2.400% 12.74 29% 27% 1.704% 3.048% 14.51 11.31 

20 20.00 2.392% 12.46 29% 26% 1.699% 3.014% 14.28 11.04 

21 20.00 2.380% 12.20 29% 26% 1.699% 3.014% 14.04 10.72 

22 20.00 2.364% 11.96 29% 26% 1.699% 3.014% 13.81 10.41 

23 20.00 2.345% 11.74 29% 26% 1.699% 3.014% 13.58 10.10 

24 20.00 2.323% 11.53 29% 26% 1.699% 3.014% 13.35 9.81 

25 520.00 2.298% 294.68 29% 26% 1.699% 3.014% 341.29 247.49 

 
Table 12. Regular premium lump sum endowment—Liabilities. 

       
247.63 

 
290.93 

    
356.29 242.92 

t Age qx + t px tpx 
Expected 
OutFlows 

Expected 
InFlows 

Mathematical 
Reserve 

LTGA  
Spot curve 

Best  
Estimate 

Down Up 
LTGA 

DOWN 
LTGA 

UP 
BEL 

DOWN 
BEL UP 

0 50 0.00376 0.99624 1.00000 - 23.05 −23.05 
 

−23.05 
  

0.000% 0.000% −23.05 −23.05 

1 51 0.00406 0.99594 0.99624 3.76 22.96 −18.64 1.065% −19.00 75% 70% 0.266% 1.810% −19.15 −18.86 

2 52 0.00447 0.99553 0.99220 4.04 22.87 −17.74 0.962% −18.47 65% 70% 0.337% 1.635% −18.70 −18.22 

3 53 0.00493 0.99507 0.98776 4.44 22.77 −16.78 1.006% −17.79 56% 64% 0.443% 1.650% −18.09 −17.45 

4 54 0.00550 0.99450 0.98289 4.87 22.66 −15.80 1.189% −16.96 50% 59% 0.595% 1.891% −17.37 −16.50 

5 55 0.00617 0.99383 0.97748 5.41 22.53 −14.77 1.382% −15.99 46% 55% 0.746% 2.143% −16.50 −15.40 

6 56 0.00688 0.99312 0.97145 6.03 22.39 −13.70 1.572% −14.90 42% 52% 0.912% 2.390% −15.49 −14.20 
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7 57 0.00764 0.99236 0.96477 6.68 22.24 −12.65 1.738% −13.79 39% 49% 1.060% 2.590% −14.45 −13.01 

8 58 0.00827 0.99173 0.95740 7.37 22.07 −11.60 1.868% −12.67 36% 47% 1.196% 2.746% −13.36 −11.83 

9 59 0.00899 0.99101 0.94948 7.92 21.89 −10.71 1.978% −11.71 33% 44% 1.325% 2.848% −12.41 −10.85 

10 60 0.00986 0.99014 0.94095 8.54 21.69 −9.79 2.075% −10.71 31% 42% 1.432% 2.946% −11.41 −9.84 

11 61 0.01094 0.98906 0.93167 9.28 21.48 −8.81 2.166% −9.64 30% 39% 1.516% 3.011% −10.34 −8.80 

12 62 0.01225 0.98775 0.92148 10.19 21.24 −7.75 2.249% −8.46 29% 37% 1.596% 3.080% −9.14 −7.68 

13 63 0.01371 0.98629 0.91019 11.29 20.98 −6.60 2.308% −7.20 28% 35% 1.662% 3.116% −7.82 −6.50 

14 64 0.01524 0.98476 0.89771 12.48 20.69 −5.43 2.352% −5.93 28% 34% 1.694% 3.152% −6.49 −5.32 

15 65 0.01685 0.98315 0.88403 13.68 20.38 −4.30 2.381% −4.70 27% 33% 1.738% 3.167% −5.17 −4.19 

16 66 0.01847 0.98153 0.86913 14.90 20.03 −3.20 2.399% −3.52 28% 31% 1.727% 3.142% −3.91 −3.13 

17 67 0.02009 0.97991 0.85308 16.05 19.66 −2.18 2.405% −2.41 28% 30% 1.732% 3.127% −2.70 −2.14 

18 68 0.02185 0.97815 0.83594 17.14 19.27 −1.25 2.405% −1.39 28% 29% 1.731% 3.102% −1.56 −1.23 

19 69 0.02364 0.97636 0.81768 18.27 18.85 −0.33 2.400% −0.37 29% 27% 1.704% 3.048% −0.42 −0.33 

20 70 0.02577 0.97423 0.79835 817.68 - 452.73 2.392% 509.60 29% 26% 1.699% 3.014% 583.82 451.46 

 
Table 13. Regular premium lump sum endowment—SCR. 

Asset 
Simpl down 52.01 

Simpl up 66.36 

Liability 
Simpl down 22.76 

Simpl up 29.04 

Company 
Simpl down 29.25 

Simpl up 37.31 

Company 
Down −9.69 

Up 27.73 
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