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ABSTRACT

In this paper, the question addressed is as to whether the Solvency II standard formula provides a 
good measure for the interest rate risk an insurer is facing. In order to answer this question, several 
simplifications of the standard formula are considered and an alternative method is proposed to 
simulate the future term structures of interest rates to provide a better insight in the interest rate risk 
of an insurer. This method makes use of cubic Hermite spline interpolation up to the last liquid point 
of the term structure and the Smith-Wilson extrapolation for interest rates beyond this point. The 
method is able to produce a wide range of term structure shapes, and provides a good fit with the 
yield curve and one year stress scenarios from the standard formula. By means of a case study, three 
illustrative liability portfolios are considered and the Solvency Capital Requirement (SCR) of interest 
rate risk is calculated based on the standard formula and the alternative method. From the case 
study it is concluded that the simplifications in the standard formula can lead to serious drawbacks in 
the management of interest rate risk, especially with respect of liabilities with high expected premium 
income, long term guarantees and/or a material risk margin.
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1.	 Introduction

On 1 January 2014, the new Solvency II regime is expected to be introduced across Europe. It 
will replace the Solvency I requirements imposed in 1970 and will apply to all insurers with an 
annual gross premium income in excess of €5 million or gross technical provisions exceeding €25 
million. The aim of Solvency II is to achieve consistency across Europe employing market consistent 
balance sheets, risk-based capital, own risk and solvency assessment (ORSA), senior management 
accountability and supervisory assessment. 

One aspect of the Solvency II regulations is to ensure that insurers hold adequate risk-based 
capital. This capital is represented by the Solvency Capital Requirement (SCR). The SCR should 
correspond to the one-year 99.5% Value-at-Risk of the basic own funds of an insurance or 
reinsurance undertaking. 

The SCR under the standard formula approach is derived by aggregating capital requirements 
specified in several sub-modules, as is illustrated in Figure 1, corresponding to the different risks the 
insurer can face. One of these sub-modules corresponds to interest rate risk. In the standard formula, 
Solvency II will prescribe a set of stress scenarios in order to derive the SCR for interest rate risk. 
Although the specifications for Solvency II have not been finalized, the framework used to calculate 
the SCR is presented, tested and evaluated in so-called Quantitative Impact Studies (QIS), of which 
the latest one is QIS5. This impact study was performed in 2010 using 31 December 2009 as the 
reporting date. 

In this paper, we analyse whether the methodology as prescribed in the standard formula provides a 
good measure for the interest rate risk an insurer is facing. This question is particularly relevant since 
insurance companies may to opt for a (partial) internal model to determine their SCR instead of using 
the standard formula.

Figure 1: The aggregation schedule used to derive the SCR in QIS5 by aggregating all 

underlying sub-modules. The interest rate risk is part of the market risk module.
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Most of the numerical examples presented in this paper are based on the QIS5 technical 
specifications. However, we believe that given the publication of the draft Level 2 implementing 
measures at the end of 2011 and the current discussions on the standard formula (particularly the 
definition of the construction of the relevant yield curve to be used to derive the technical provisions), 
the analysis is still very much up to date. 

This paper is structured as follows. Chapter 2 provides some background concepts on the valuation 
methods that are applied in Solvency II and the definition of the yield curve. Chapter 3 outlines the 
standard formula for interest rate risk and discusses some of the simplifications of this method. In 
Chapter 4 we present an alternative method of deriving the required capital for interest rate risk. 
Based on a case study, the alternative method is compared with the standard formula in Chapters 5 
and 6. Finally, based on the results from the case study, some conclusions are presented.
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2.	 Market-consistent valuation of liabilities in 

Solvency II

The valuation of the assets and liabilities, as set out in Article 75 of the Framework Solvency II Directive, 
requires an economic, market-consistent approach. This means that a large part of the insurer’s balance sheet 
(both assets and liabilities) is exposed to interest rates and hence are subject to changes in the yield curve. 

Since the valuation of the assets is mostly done on a mark-to-market value, the focus of this analysis 
will be on the valuation and risk of the liabilities. Usually, the market-consistent value of the technical 
provisions of the insurer is split into two parts: the best estimate and the risk margin. 

The best estimate can be defined as the probability weighted average of discounted future cash 
flows. The risk margin is calculated using the cost of capital method, and equals the discounted cost 
of providing an amount of required own funds equal to the SCR for non-hedgeable risks necessary 
to support fluctuations in the cash flows over the whole time horizon. 

Both the best estimate and the risk margin are therefore affected by the term structure of interest 
rates. The yield curve that needs to be used in the valuation of liabilities will be prescribed and 
consists of two parts. For maturities up to the last liquid point, the curve is equal to the Inter-bank 
swap curve corresponding to the market the insurer is in. The last liquid point represents the longest 
maturity for which interest rates can be observed in liquid markets. For maturities beyond this last 
liquid point, the yield curve is extrapolated using the Smith-Wilson extrapolation technique (2001).

The inputs for the Smith-Wilson extrapolation are the yield curve prior to the last liquid point, the 
unconditional ultimate forward rate (UFR) and the speed of transition.

The UFR is defined as the rate all term structures of interest rates will eventually converge to and is 
assumed to be constant over time. A macro-economic assessment has been applied in order to derive 
its value for different currencies. For the Eurozone, the UFR is equal to 4.2%, which is the sum of the 
expected annual inflation rate (2%) and the expected annual short-term return on risk-free bonds (2.2%). 

The speed of transition represents the time it will take the Smith-Wilson curve to converge to the UFR.

In Figure 2, the yield curve based on the Euro Inter-bank swap rates up to maturities of 60 years is 
presented. This yield curve changes when the Smith-Wilson extrapolation technique is applied. The 
figure also shows the impact of the maturity that is considered to be the last liquid point. 

Figure 2: The yield curve and corresponding yield curve extrapolated using a last liquid point 

of 20 and 30 years, and UFR of 4.2%. The yield curve shown in this figure corresponds to the 

Euro zero rates excluding liquidity premium as at 31 December 2009.
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3.	 The SCR of interest rate risk in the standard 

formula 

Interest rate risk exists for all assets and liabilities for which the net asset value is sensitive to 
changes in the term structure of interest rates or interest rate volatility. The calculations of capital 
requirements in the interest rate risk module are based on specified scenarios. These scenarios are 
defined by a downward and upward stress of the term structure of interest rates. An example of 
these scenarios is shown in Figure 3. 

Figure 3: The Euro yield curve and the corresponding one-year 99.5% VaR interest rate 

stress scenarios used in the QIS5 exercise (2010).
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In order to derive the capital requirement, the assets and liabilities are revalued using the yield curves 
from the two stress scenarios. The maximum expected negative change in net asset value from these 
two stresses is then used as the required capital for interest rate risk. 

A number of simplifications have been applied to define the stress scenarios for the interest rate risk 
module in the standard formula. In this paper, we outline three of these simplifications and propose 
an alternative method to demonstrate the possible impact of these simplifications.

The first simplification is the use of only two near parallel scenarios. We acknowledge that the 
two stress scenarios are derived using a principal component analysis (explaining 99.98% of the 
variability of the annual percentage interest rate change in each of the maturities in the underlying 
datasets1) of historical term structure data. However, the components resulting from this analysis 
could be used to construct non parallel scenarios. Aggregating these components in only two 
near parallel stress scenarios is clearly a simplification since, in practice, we have (even recently) 
observed that non-parallel movements in the term structure of interest rates are also feasible (for 
examples see Figure 4).

1	 QIS5 Calibration Paper (2010), p. 28.
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Figure 4: Historical yield curves at different reporting dates.
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The second simplification we would like to address is the stress applied to the term structure after 
the assumed last liquid point. As one can see from Figure 3, upward and downward shocks remain 
at the same level beyond the last liquid point. This however, contradicts the use of the UFR. If we 
assume that the UFR will be applied at the same level after a one year time period, the yield curve in 
a stressed scenario will also converge to the UFR. It would therefore be reasonable for the interest 
rate stress scenarios to converge to the UFR instead of leaving them constant beyond the last liquid 
point. This is illustrated in Figure 5 on page 8.
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Figure 5: Example of applying the Smith-Wilson extrapolation to the stress scenarios for 

the Euro yield curve at the last liquid point (term 30) to converge to the UFR of 4.2%.
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The third simplification covered in this paper is that only the best estimate is taken into account when 
revaluing the liabilities in the stress scenarios and not the risk margin as well. However, as shown 
in the previous chapter, the value of the risk margin is clearly dependent on the yield curve, both 
through the projection of the required capital for non-hedgeable risks as well as the discounting of 
the future capital charges. Where the risk margin is a material part of the technical provisions, not 
taking into account the risk margin in the derivation of the required capital for interest rate risk can 
potentially be a serious drawback of the standard formula.
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4.	A n alternative method for deriving  

	t he required capital for interest rate risk 

In this chapter, an alternative method to derive the required capital for interest rate risk using 
simulations of future term structures of interest rates is presented. The alternative method to derive 
the required capital for interest rate risk consists of the following steps:

1.	 Simulate a set of possible spot rates over a one year time horizon up to the last liquid point.

2.	 Simulate the term structure of interest rates for all maturities up to the last liquid point using a 
cubic Hermite spline interpolation function.

3.	 Extrapolate the term structures after the last liquid point using the Smith-Wilson technique.

4.	 For each simulation revalue all assets and liabilities, including the risk margin, to derive the 
distribution of the change in net asset value. From this distribution, the corresponding 99.5% 
percentile and thus the required capital for interest rate risk can be derived.

Regarding the distribution of spot rates, Brigo and Mercurio (2006) state that the normal distribution 
or the log-normal distribution are commonly used in practice to assume a distribution on the spot 
rates. We have therefore assumed the spot rates in the alternative method to be distributed normally. 

The method used for the interpolation of the spot rates must provide enough flexibility to generate all 
possible realistic term structure shapes. For example, it must at least be able to generate historical 
observed yield curves as presented in Figure 4.

We have interpolated the spot rates using cubic Hermite spline interpolation as presented in 
Fritsch and Carlson (1980). While this method is commonly used in physics, it is not widely used 
in the insurance industry. The method interpolates each set of neighbouring spot rates with a linear 
combination of Hermite functions, i.e., a special case of ‘flattened’ fourth-degree polynomials. By 
using a linear combination of the Hermite functions, the smoothness of the overall interpolated term 
structure is assured and realistic term structure shapes can be constructed. 

Other interpolation methods we have considered are cubic spline interpolation, the Nelson-Siegel 
method (1987) and the Svensson method (1997). While these methods are widely used in the 
industry, all of these methods have limitations that are restrictive for the application of deriving a 
required capital for interest rate risk. 

Cubic spline interpolation is not suitable since it produces oscillation as can be seen in Figure 7. 
Therefore, realistic term structure shapes are not guaranteed.
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Figure 6: Construction of a term structure by interpolating a simulated set of spot rates 

using both cubic spline interpolation and cubic Hermite spline interpolation. From this 

figure it immediately becomes clear that the use of a Hermite spline in order to interpolate 

the spot rates prevents oscillation that is present when using cubic spline interpolation.
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The Nelson-Siegel method is not flexible enough to construct the required range of term structure 
shapes since it makes use of a function that is only able to interpolate between three spot rates2.

Finally, the Svensson method is able to construct realistic term structure shapes. However, it is 
not suitable for simulating multiple interest rate shocks since, for the same set of spot rates, using 
different set of starting values, the fit of the term structures can vary (see Figure 7). 

Figure 7: Spot rates interpolated using Svensson method with two different starting 

values used in the search algorithm. 

S
po

t r
at

e 
(%

)

Svensson interpolation with starting parameters 
equal to zero

Svensson interpolation with starting parameters 
equal to one

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.0

S
po

t r
at

e 
(%

)

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.0
0  5  10 15 20 25 30 

Maturity (years)
0  5  10 15 20 25 30 

Maturity (years)

2	 The original Nelson-Siegel (1987) function has four parameters that are used to fit the term structure of interest rates. 
Dielbold and Li (2006), however, argue that one of these parameters can be fixed.
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For the extrapolation of the spot rates beyond the last liquid point, we use the Smith-Wilson 
extrapolation technique, because we assume that following years’ yield curve used for the valuation 
of liabilities will again converge to the UFR. Examples of term structure shocks that can be 
constructed following the three steps outlined above are shown in Figure 8.

Figure 8 Left: Term structure shocks simulated and interpolated using cubic Hermite 

spline interpolation. Right: The simulated term structure shocks extrapolated using 

Smith-Wilson.
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5.	 Case study: simulating term structures 

Now that an alternative method of constructing a distribution of realistic term structure shocks is 
defined, we wish to compare the impact of this alternative method to the standard formula using a 
case study.

In order to get a fair comparison between the approach in the standard formula and our alternative 
method, we have calibrated the parameters in the interest rate method to match the two interest rate 
scenarios of the standard formula as closely as possible. In the case study, we have used the QIS5 
technical specifications (2010) as an example to represent the standard formula.

We have calibrated the mean and standard deviation of five spot rates with different maturities based 
on the upward and downward stress scenarios. In Figure 9, the result of the calibration of these spot 
rates is shown (using 100,000 simulations and cubic Hermite spline interpolation for the remaining 
spot rates). 

To simulate realistic term structures, we have assumed a correlation surface between the five 
different spot rates. This assumption enables the method to simulate term structures that are non-
parallel to the yield curve.

Figure 9: Representation of the 99.5 Monte Carlo percentiles resulting from the alternative 

method in combination with the 99.5 standard formula percentiles.
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6.	 Case study: Evaluating interest rate risk  

	i n Solvency II

The standard formula and the alternative method are evaluated using three different types of liability 
products: short-term immediate annuities, long-term immediate annuities and whole life insurance 
policies. The patterns of the present value best estimate cash flows are presented in Figure 10.

Figure 10: Patterns of the present value best estimate cash flows corresponding to the 

short-term immediate annuity, long-term immediate annuity and whole life insurance.
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First, we evaluate the standard formula and the alternative method based on the best  
estimate liabilities. Afterwards we show the impact of taking into account the risk margin in the 
alternative method.
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The results of the comparison of the standard formula and the alternative method applied to the 
three products are included in Table 1. The standard formula’s and alternative method’s scenarios 
corresponding to these results can be found in Figure 11.

Table 1: Results of the standard formula and alternative method applied to the three 

products. The numbers shown are percentages in terms of the best estimate liability value 

on the balance sheet.

	St andard formula	A lternative method

Short-term immediate annuity	 3.6%	 3.8%

Long-term immediate annuity	 10.2%	 8.7%

Whole life insurance	 44.3%	 60.7%

When considering the short-term immediate annuity portfolio, there is no material difference in  
the required capital between the two methods. This is mainly due to the small duration of the cash-
flow pattern.

For the long-term immediate annuity portfolio, the results are as follows. There turns out to be 
only a small difference between the two methods. The difference is caused by the simulated 
99.5% scenario being on average less severe than the standard formula due to the introduction of 
correlation in the alternative method, as can be seen in Figure 11. Using non-parallel movements 
of the yield curve, the probability that all spot rates on the yield curve will decrease simultaneously 
becomes less than one, resulting in a decrease of the required capital. This effect becomes apparent 
when long-term cash flows are part of the portfolio.

In case of the whole life insurance, the majority of the premium income occurs at the  
beginning, whereas the majority of the payments occur between 30 and 60 years. This is an 
important observation when considering the Smith-Wilson extrapolation which is applied in the 
alternative method.

From Figure 11, it follows that the simulated scenario that corresponds to the whole life insurance is 
more severe than the 99.5% standard formula downward shock between the maturities of 30 and 60 
years and less severe for the other maturities. Combining this with the shape of the cash-flow pattern 
explains that the required capital using the alternative method is materially higher than in case of the 
standard formula.

The shape of the yield curve after 30 years is determined by the Smith-Wilson extrapolation. 
Although the UFR is set at a higher rate than the 30-year simulated spot rate, the yield curve is still 
decreasing the first nine maturities after the last liquid point. This is caused by shape of the yield 
curve up to the last liquid point and the use of the Smith-Wilson extrapolation technique. Since the 
yield curve is decreasing after maturities of 15 years and the Smith-Wilson extrapolation technique 
assures a smooth convergence to the UFR beyond the last liquid point, the yield curve decreases 
before converging to the UFR of 4.2%.
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Figure 11: Illustration of the Euro yield curve, 99.5% standard formula downward shock and 

the simulated scenarios corresponding to the required capitals in the alternative method. 

In case of the simulated scenarios, the solid parts represent the interest rates influencing 

the required capital. The dotted parts represent the remaining part of the curve. 
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In order to determine whether taking into account the risk margin has an impact on the required 
capital, we have revalued the risk margin of the long-term immediate annuity portfolio using the 
simulated term structures. The distribution of the risk margin based on the scenarios is shown in 
Figure 12. 

Figure 12: Distribution of the risk margin in percentages of the present value best estimate 

liabilities of the long-term immediate annuity, when it is subject to the simulated scenarios 

resulting from the alternative method.
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From the distribution it is clear that the risk margin is dependent on the interest rate. Where the risk 
margin is equal to 3.5% of the best estimate in the base scenario, the risk margin increases with 
31% to 4.6% in the 1 in 200 years scenario. As a result, taking the risk margin into account in the 
derivation of the required capital of interest rate risk increases this capital with 12%.
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Conclusion

In the previous chapters, we considered the standard formula for the required capital for interest 
rate risk. We determined that the standard formula is using several simplifications and proposed an 
alternative method where future term structures of interest rates were simulated. This method makes 
use of a normal distribution of the individual spot rates, a correlation structure, cubic Hermite spline 
interpolation up to the last liquid point of the term structure and the Smith-Wilson extrapolation for 
interest rates beyond this point. 

Based on the case study, we conclude that the alternative method is able to simulate realistic term 
structures and provides a good fit with the yield curve and one-year stress scenarios in the standard 
formula. This is useful because it provides the opportunity to use the alternative method consistently 
with the assumptions in the standard formula. 

Using three types of liability portfolios, we also showed that for some simple products, the 
simplifications in the standard formula are not necessarily limiting. When considering more complex 
products, the simplifications can potentially lead to more drawbacks in the management of interest 
rate risk. 

If premium income is material, the shape of the yield curve is an important aspect of the interest rate 
risk. The use of near-parallel scenarios in the standard formula neglects this risk. 

In case of guarantees after the last liquid point, the use of the UFR in constructing the yield curve 
has a material impact on the market-consistent value of the technical provisions. When we assume 
that this UFR will also be in place in a stress scenario, the use of the UFR is important to consider 
when deriving the required capital for interest rate risk. Taking the UFR into account in the alternative 
method leads to material differences from the standard formula results. 

We also showed that if the risk margin is a material part of the technical provision, leaving out the 
impact of the change in risk margin from the analysis is a serious drawback. 

Using the alternative method is not only useful for determining required capital but is also vital in 
understanding the dependency of interest rates to the valuation of the portfolio.
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