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Figure 21 � A box plot of the estimation errors for the Lapse Up risk capital component

Figure 22 � A scatter plot of the Lapse Up simplification using the four major drivers 
(y-axis) against the explicit calculation (x-axis)
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5.1.4	 The drivers chosen for each risk capital component are summarised in Table 5.

Table 5  Credit life drivers
Risk capital component Driver name
Mortality PV Death Outgo
Expense PV Prem
Mortality catastrophe DthOutNxtMth
Lapse PV Prem

5.1.5	 Figure 23 compares the estimates from these drivers against the explicit risk 
margin calculation.  From this we can see that the Level 1 simplification is accurate 
most of the time with a few cases of underestimation.

5.1.6	 Figure 24 shows the sensitivity of the Level 1 risk margin estimation error to the 
age of the policyholder on the balance sheet date. There is low variation in the errors 
across ages except for policies that are nearest to completion.

5.1.7	 Figure 25 shows the sensitivity of the Level 1 risk margin simplification to the 
duration in force. A credit life policy with a loan term of five years and loan interest 

Figure 23 � A scatter plot of the Level 1 risk margin estimate (y-axis) and the explicit 
risk margin calculation (x-axis)
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Figure 24 � The relative error of the Level 1 simplification (y-axis) plotted against 
the age of the policyholder on the balance sheet date (x-axis) at sample 
duration in force

Figure 25 � The relative error of the Level 1 simplification (y-axis) plotted against the 
duration in force of the policyholder (x-axis) for a variety of ages on the 
balance sheet date
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rate of 10% was used. The estimation error remains reasonably small except for policies 
with a short outstanding term and where the policyholder is older.

5.1.8	 Figure 26 shows the sensitivity of the Level 1 risk margin simplification to the 
term of the loan which shows that the overestimation tends to increase as the loan 
term increases except for very young policyholders; however the variation is quite 
small. A credit life policy with a duration in force of zero and interest rate of 10% was 
use.

5.1.9	 The graphs indicates that there is a reasonable level of accuracy for the Level 1 
estimator and there is little to suggest how the bias can be predicted.

5.2	 Credit Life Level 2 Simplification
5.2.1	 The optimal Level 2 simplification requires the determination of an optimal 
driver for projecting the overall capital requirements. The drivers considered are given 
in Table 5. Figure 27 displays a box plot of these errors between the comprehensive 
calculation of the risk margin and the Level 2 simplification. The same data is plotted 
in a scatter plot in Figure 28. As discussed in ¶3.9.1, a  driver that has a tighter variance, 
that is closer to 0% error and that acts more or less consistently as the size of the risk 
margin increases is considered superior. 

Figure 26 � The relative error of the Level 1 simplification (y-axis) plotted against the 
policy term (in months) for a variety of ages
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Figure 27 � A box plot of the estimation error of the Level 2 risk margin simplification 
for four different drivers

Figure 28 � A scatter plot of the Level 2 risk margin simplification (y-axis) against the 
explicit calculation (x-axis) for four different possible drivers
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5.2.2	 The expense reserve is shown to be the preferred driver under the Level 2 
simplification. This is a curious result as it was not the preferred driver for any of 
the individual risk capital components in the Level 1 calculation. However it can 
be seen that all drivers underestimate the risk margin with expense reserve under-
estimating the least, especially at larger risk margins. Figure 29 shows a scatter plot of 
the simplification against the explicit risk margin calculation. While there are cases 
where the simplification overestimates, the majority of cases have an underestimation. 

5.3	 BEL as a Driver for Credit Life
5.3.1	 The BEL is considered a poor driver for estimating the risk margin for credit life 
products.

5.3.2	 Figure 30 shows the projected BEL of a sample credit life product and the run-off 
of the SCR which shows that the BEL runs off far slower than the SCR.

5.4	 Comparison of Credit Life Level 1 and Level 2 Simplifications
5.4.1	 Figures 31 and 32 show two plots of the relative errors of the Level 1 and Level 2 
risk margin simplifications. The Level 1 risk margin produces a better quality estimate 
for the risk margin. 

Figure 29 � A scatter plot of the Level 2 simplification (y-axis) against the explicit risk 
margin calculation (x-axis) for a set of policies
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Figure 30  The run-off of the SCR and BEL

Figure 31 � A box plot of the relative estimation errors using the two risk margin 
simplifications
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5.5	 Sensitivity Testing
Figure 33 shows a comparison of the level of error of the Level 1 and Level 2 risk margin 
simplifications in absolute rand terms against the explicit risk margin calculation 
for a subset of policies on a variety of different assumptions shown in Table 6. The 
initial finding of section 5 is that the Level 1 simplification is better than the Level 2 
simplification; and that Level 1 simplifications produce reasonable results – and this 
can be shown to hold across all alternative input assumptions.

6.	 RESULTS AND DISCUSSION: WHOLE LIFE ASSURANCE
The results of the modelling for a whole-of-life assurance will be discussed in this 
section. The results are dealt with for Level 1 in section 6.1 and Level 2 in section 6.2. 
In section 6.3 we look at the reason that BEL is a poor driver for predicting the run-off 
of the SCR. A potential solution is proposed in section 6.4 and compared against the 
Level 1 and Level 2 simplifications. Section 6.5 concludes with sensitivity testing of the 
results derived in sections 6.1, 6.2 and 6.4.

6.1	 Whole-of-Life Assurance Level 1 Simplifications
6.1.1	 The optimal Level 1 simplification requires the determination of optimal capital 
drivers for each of the relevant capital requirements: mortality risk, expense risk and 
lapse risk. The drivers considered are given in Table 7. Figures 34 to 36 display the 
box plots of the errors between the comprehensive calculation and the simplification 

Figure 32 � A scatter plot of the Level 1 and Level 2 simplifications (y-axis) against the 
explicit risk margin calculation (x-axis)



PRF CARSWELL, RT FARNABY & N NIRGHIN  SIMPLIFICATIONS FOR RISK MARGINS IN SOLVENCY ASSESSMENT AND MANAGEMENT FRAMEWORK  | 39

ACTUARIAL SOCIETY 2018 CONVENTION, CAPE TOWN, 24–25 OCTOBER 2018

Figure 33 � Comparisons of the level of error of the Level 1 and Level 2 risk margin 
simplifications in absolute rand terms against the explicit risk margin 
calculation for a subset of policies on a variety of different assumptions

Table 6 � Key for the sensitivities carried out and the specific scenarios considered 
under each assumption change

Key Meaning

Base Original calculation of the risk margin, under the specific level or proposed solution
IntDown Interest rates down 200 basis points
IntUp Interest rates up 200 basis points
MortDown Mortality deteriorates by 10%
MortUp Mortality increases by 10%
ExpUp Renewal expenses increase by 1000%
Inflation Up Expense inflation increases by 200 basis points
Inflation Down Expense inflation decreases by 200 basis points
LapseDown Lapse rates decrease by 50%
LapseUp Lapse rates increase by 50%
Loan Rate Up Interest rate on loan increases by 500 basis points
Loan Rate Down Interest rate on loan decreases by 500 basis points
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for each risk capital component. As discussed in ¶3.9.1, a  driver that has a tighter 
variance, that is closer to 0% error and that acts more or less consistently as the size of 
the risk margin increases is considered superior.

6.1.2	 Figures 34 and 35 show the same information, except that the BEL driver has been 
excluded from Figure 35. The BEL driver has material errors and distorts the scale of the 
graph. For this reason we can exclude it and focus only on the errors that are better fits. 
For this reason Figures 35 to 39 do not plot the estimation errors for the BEL driver.

Table 7  A key for drivers used

Driver name Driver description

BEL BEL including the following cashflows: future expected death benefits, 
maintenance expenses and premiums.

DeathOutNxtMonth Death benefit payable in the following month
Expense reserve Expense reserve
minBel0 Minimum of the BEL and zero
PV Death Outgo Expected present value of the future death benefits
PV Prem Expected present value of future premiums

Figure 34 � A box plot with the estimation error of the mortality risk capital component 
for a whole-of-life assurance for each driver (x-axis) when comparing the 
simplified approach against the explicit calculation



PRF CARSWELL, RT FARNABY & N NIRGHIN  SIMPLIFICATIONS FOR RISK MARGINS IN SOLVENCY ASSESSMENT AND MANAGEMENT FRAMEWORK  | 41

ACTUARIAL SOCIETY 2018 CONVENTION, CAPE TOWN, 24–25 OCTOBER 2018

Figure 35 � The box plot of the estimation errors for the mortality risk capital component 
of a whole-of-life assurance for four drivers

Figure 36 � The box plot of the estimation errors for the expense risk capital component 
of a whole-of-life assurance for four drivers
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Figure 37 � The box plot of the estimation errors for the mortality catastrophe risk 
capital component of a whole-of-life assurance

Figure 38 � The box plot of the estimation errors for the Lapse Down risk capital 
component of a whole-of-life assurance
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6.1.3	 The drivers chosen for each risk capital component are summarised in Table 8.

Table 8 � Whole-of-Life Assurance Drivers

Risk capital component Driver name

Mortality PV Death Outgo
Expense Expense Reserve
Mortality catastrophe PV Prem
Lapse Down PV Prem
Mass Lapse minBel0

6.1.4	 Figure 40 compares the estimates from the Level 1 simplification against the 
explicit risk margin calculation. From this we can see that the Level 1 simplification 
has a tendency to underestimate the risk margin. The underestimation increases as the 
value of the risk margin increases.

6.1.5	 Figure 41 shows the sensitivity of the Level 1 risk margin estimation error 
to the age of the policyholder on the balance sheet date. It shows that there is an 
underestimation of the risk margin at low ages and an overestimation at higher ages. 

Figure 39 � The box plot of the estimation errors for the Mass Lapse risk capital 
component of a whole-of-life assurance
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A whole-of-life policy with a sum assured of R100 000 and premium and sum assured 
escalation rate of 0% was used.

6.1.6	 Figure 42 shows the sensitivity of the Level 1 risk margin simplification to 
duration in force. It shows that there tends to be an underestimation at early durations 
and overestimation at later durations. A whole-of-life policy with a sum assured of 
R100 000 and premium and sum assured escalation rate of 0% was used.

6.1.7	 Figure 43 shows the sensitivity of the Level 1 risk margin simplification to the 
escalation rate of the premium and sum assured. As the escalation rate increases so 
the relative underestimation increases. A whole-of-life policy with a sum assured of 
R100 000 at duration inforce of 0 years was used.

6.1.8	 The sensitivity graphs shown show that there are some clear drivers of bias. 
A whole-of-life assurance book with younger ages, no escalations and an early duration 
in force will tend to underestimate the risk margin. This would be typical of a funeral 
cover book of business. The underestimation will be worse if there are escalations on 
the policies as are commonly sold in the South African market. 

Figure 40 � A scatter plot of the Level 1 risk margin estimate (y-axis) and the explicit 
risk margin calculation (x-axis)
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Figure 41 � The relative error of the Level 1 simplification (y-axis) against the age of the 
policyholder on the balance sheet date (x-axis) for a sample of durations 
in force 

Figure 42 � The relative error of the Level 1 simplification (y-axis) plotted against the 
duration in force of the policyholder (x-axis) for a variety of ages on the 
balance sheet date
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6.1.9	 The early duration underestimation bias may influence the allocation of capital 
during a new business planning exercise or at the time of pricing. A book with older 
ages, and later durations in force will tend to overestimate the risk margin. This would 
be typical of a mature whole-of-life assurance book.

6.2	 Whole-of-Life Assurance Level 2 Simplification
6.2.1	 The optimal Level 2 simplification requires the determination of optimal driver 
for projecting the overall capital requirements. The drivers considered are given in 
Table 7. Figure 44 displays a box plot of these errors between the comprehensive 
calculation of the risk margin and the Level 2 simplification. The same data is plotted 
in a scatter plot in Figure 45. A driver that has a tighter variance, that is closer to 0% 
error and that acts more or less consistently as the size of the risk margin increases, was 
the driver that was chosen, as set out in ¶3.9.1.

6.2.2	 The present value of premiums driver is the preferred driver under the Level 2 
simplification. This driver was also the preferred driver for some of the individual 
risk types. Figure 46 shows a scatter plot of the simplification against the explicit risk 
margin. The plot shows that the majority of cases result in an underestimation that is 
often quite severe with a smaller proportion of cases producing an overestimation.

Figure 43 � The relative error of the Level 1 simplification (y-axis) plotted against the 
annual escalation rate for the premium and sum assured
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Figure 44 � A box plot of the estimation error of the Level 2 risk margin simplification 
for four different drivers

Figure 45 � A scatter plot of the Level 2 risk margin simplification (y-axis) against the 
explicit calculation (x-axis) for four different possible drivers for a sample 
set of policies
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6.3	 BEL as a Driver for Whole-of-Life Assurance Products
6.3.1	 The BEL is considered a poor driver for estimating the risk margin on whole-of-
life assurance products.

6.3.2	 Figure 47 shows the projected BEL run-off profile of a sample whole-of-life 
assurance product and the run-off of the SCR from the same product. The BEL run-
off profile appears odd at first, but makes sense when one considers that – in absolute 
terms – the BEL begins as a negative value and then crosses to zero and becomes 
positive. This means that the run-off profile (where the BEL is expressed as a percentage 
of the starting BEL) becomes negative and results in a very different shape to the SCR 
which runs off smoothly over time. 

6.4	 A potential solution
6.4.1	 The ratio of SCR and present value of future premiums is plotted in Figure 48 
and shows that there is an increasing approximately linear relationship between SCR/
PVPrem over time. The Level 2 simplification assumes that the ratio of SCR/PVPrem 
will remain constant over time. From Figure 48 we can see that this assumption does 
not hold true.

Figure 46 � A scatter plot of the Level 2 simplification (y-axis) against the explicit risk 
margin calculation (x-axis) for a comprehensive set of policies
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Figure 47  A scatter plot of the run-off profile of the SCR and the BEL

Figure 48 � The ratio of SCR/PVPrem (y-axis) over time in months (x-axis) for 
a whole-of-life assurance
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6.4.2	 The solution to reduce the estimation error proposed for annuity products 
can also be applied to whole-of-life assurance products. This approach relies on the 
calculation at some point in the future, f, of one additional SCR, SCR(f). SCR(f)/
PVPrem(f) and SCR(0)/PVPrem(0) are used to fit a straight line and then predict future 
SCR(t)/PVPrem(t) values using this fitted line. The value of PVPrem(t) can easily be 
projected by most cashflow models. Knowing the value of PVPrem(t) allows the value 
of SCR(t) to be calculated.

6.4.3	 For whole-of-life assurance products a value of ten years was used for f to 
predict the future SCR and estimate the risk margin. Figure 49 shows the quality of the 
estimation and Figure 50 allows for a comparison of the errors for proposed solution 
as well as the Level 1 and Level 2 simplifications. 

6.4.4	 The proposed solution shows a small overestimation bias in the majority of 
cases. The size of the error and the smaller variability of the error suggest that the 
proposed solution is a superior to the Level 1 and Level 2 simplification. The Level 1 
simplification is superior to the Level 2 simplification.

Figure 49 � A scatter plot of the risk margin estimated by the proposed solution 
(y-axis) against the explicit risk margin calculation (x-axis)
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6.5	 Sensitivity Testing
6.5.1	 Figure 51 shows a comparison of the absolute errors of the proposed solution, 
Level 1 and Level 2 risk margin simplifications against the explicit risk margin 
calculation for a subset of policies on a variety of different assumptions. The initial 
finding of section 6 is that the Level 1 simplification is better than the Level 2 
simplification and the proposed solution is better than both. This can be shown to 
hold across all alternative input assumptions. Table 6 from the Credit Life section lists 
the sensitivities tested. It should be noted how the Level 1 and Level 2 estimate become 
increasingly poor as lapse rates decrease.

6.5.2	 Figures 52 to 54 show the same information as Figure 51, as box plots allowing 
for a better comparison of the estimate errors under different assumptions. The range 
of Level 1 and Level 2 relative errors are reasonably consistent for all sensitivities The 
proposed solution is sensitive to the lapse assumptions but overall remains less sensitive 
than both the Level 1 and Level 2 simplifications. The initial finding of section 6 is that 
the Level 1 simplification is better than the Level 2 simplification and the proposed 
solution is better than both. This can be shown to be hold across all alternative input 
assumptions.

Figure 50 � A box plot of the relative errors of the Level 1 and Level 2 simplification as 
well as of the proposed solution
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Figure 51 � The Level 1 and Level 2 simplifications plotted against the actual risk 
margin calculation, across a number of sensitivities

Figure 52 � A box plot of the estimation error of the Level 1 simplification on different 
input assumptions



PRF CARSWELL, RT FARNABY & N NIRGHIN  SIMPLIFICATIONS FOR RISK MARGINS IN SOLVENCY ASSESSMENT AND MANAGEMENT FRAMEWORK  | 53

ACTUARIAL SOCIETY 2018 CONVENTION, CAPE TOWN, 24–25 OCTOBER 2018

Figure 53 � A box plot of the estimation error of the Level 2 simplification on different 
input assumptions

Figure 54 � A box plot of the estimation error of the proposed solution on different 
input assumptions
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7.	 SUMMARY
7.1	 The FSI GN 2.2, introduces a hierarchy of simplifications to calculate the SCR 
values. These simplifications introduce biases. It was found that these biases are present 
due to the drivers not accurately representing the run-off patterns of the SCR. 

7.2	 The simplifications used to estimate the risk margins for annuity products show 
a systemic bias towards underestimation of the risk margin. The BEL and expense 
reserve are the preferred drivers for a Level 1 driver approach and BEL for a Level 2 
driver approach. We propose a solution based on the relationship between the SCR 
and the BEL which produces a more accurate estimate of the risk margin and show this 
solution to be robust under a number of different assumptions.

7.3	 For credit life products, the simplifications making use of the BEL as a driver to 
estimate the risk margin do not work well. Both Level 1 as well as Level 2 simplifications 
produce reasonable results, although the Level 1 simplification is better in most 
scenarios.

7.4	 For whole-of-life assurance products the simplifications used to estimate 
the risk margin do not work well when the BEL is chosen as the driver. Using the 
Level 2 simplification (with the present value of future premiums as a driver) provides 
a biased underestimation. A more accurate estimate can be obtained through the more 
complex calculation of the Level 1 simplification. A solution is proposed based on the 
relationship between the SCR and the present value of future premiums, as it produces 
a more accurate estimate of the risk margin. It is then showed that this solution is 
robust under a number of assumptions.

8.	 RECOMMENDATIONS FOR FURTHER RESEARCH
8.1	 It was seen that there is a lack of literature around the hierarchy of simplifications 
in general and the assessment of its suitability in particular. The purpose of this 
research was to address this gap; however, there are numerous areas that requires 
further thought.

8.2	 The first main area of additional research that can be carried out is to analyse the 
risks that were not included in this research. Mainly this would entail analysing the 
suitability of the hierarchy of simplifications for the full set of life insurance products. 
This includes: health and care, unit-linked and index-linked products. The study of 
joint life products (for example, joint life annuities), should also be carried out, in 
order to assess the suitability of the hierarchy of simplifications.

8.3	 In addition, the full set of market risks can be included in the SCR calculations 
which will be relevant for embedded value calculations.
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8.4 	 Furthermore, the question of the suitability of the hierarchy of simplifications 
could be assessed with respect to short-term products as well.

8.5	 The research and modelling that were carried out assumed an absence of all 
forms of reinsurance and alternative risk transfer measures. The addition of these 
factors may affect the calculations using the hierarchy of simplifications.

8.6	 The consequences of how drivers do not accurately match the run-off of risk 
capital has potential implications for the unit of measure under IFRS17 and the 
calculation of an embedded value of an insurer. Further research should be done in 
order to examine the impact under these two different paradigms. 

8.7	 Lastly an attempt to find more effective drivers that provide a more accurate fit 
of the risk margin could be of significant use to the industry. Thus, a full assessment of 
multiple drivers and their respective fits could be worthwhile for future use. 
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APPENDIX A
Simplifications Insurers are using in the South African Insurance Market

The table below summarises the simplifications used by insurers during the QIS3 
exercise. At the time of QIS3, a full calculation of the risk margin was labelled as a 
‘Level 1 simplification’ and a ‘Level 2 simplification’ was what is now (under the FSI) 
considered a Level 1 simplification.

Table A.1 � A full distribution of methods used by South African insurers to calculate 
their reserves as of 201527

Methodology Number
Full calculation 10
Risk approximation (Level 2) 50
SCR approximation (Level 3) 118
Duration approach (Level 4) 17
% Best estimate 2
Other 14

27	FSB 17th Annual report of the Registrar of Long-term Insurance, supra
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APPENDIX B
Summary of model points used

The tables below summarise the model points used in the modelling of the annuity, 
credit life and whole-of-life assurance products. In creating model points, a selection 
of policy factors was chosen, and then each combination of these factors was modelled, 
subject to certain constraints. 

Table B.1 � Model points used in modelling annuity policies. The annuity products 
were subject to the constraint of no guarantee period after 80 years old.

Factor Values used
Policyholder age at balance sheet 60 to 95 in five-year intervals
Annuity escalation rate (annual) 0% to 8% in 1% intervals
Guarantee period remaining (years) 0 to 10 years in one-year intervals

Table B.2 � Model points used in modelling credit life policies, subject to the constraint 
of no policies with a duration inforce greater than the original term

Factor Values used
Policyholder age at balance sheet 25 to 75 in five- intervals
Sum assured at start of policy R10 000, R100 000 and R2 000 000
Original term (years) 2 to 7 years in one-year intervals
Duration inforce (years) 0 to 5 years in one-year intervals

Table B.3 � Model points used in modelling whole-of-life assurance policies
Factor Values used
Policyholder age at balance sheet 25 to 75 in five-year intervals
Sum assured at start of policy R10 000, R100 000 and R2 000 000
Premium and sum assured escalation rate (annual) 0% to 10% in 2% intervals
Duration inforce (years) 0 to 35 years in five-year intervals
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APPENDIX C
Lapse rates used in modelling credit life as well as whole-of-life assurances

Table C.1 � Annual lapse rate used in modelling whole-of-life assurance and credit life 
policies

Months in force Annual lapse rate
0–12 21.5%

13–24 17.8%
25–36 14.0%

37+ 12.0%


