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Abstract
The European-centric Solvency II and Australian-centric Life and General Insurance Capital regimes are
two examples of risk-based approaches to capital determination and risk management for life insurers.
Both consist of a three-pillar structure covering capital, risk management and disclosure requirements.
We apply the capital requirements of each regime to three synthetic sets of insurance policies, including
a risk, annuity and combined portfolios, and consider the impact on capital arising from three separate
and relatively severe stress events. Results highlight the relatively capital intensive nature of annuities,
the differences between different capital regimes, the significance of solvency II’s matching adjustment
and the robustness of each regime to both pandemic and economic stresses. Results also highlight the
nature of diversification benefits from within each capital regime, on overall capital requirements.
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1. Introduction

The global insurance industry is a major economic player, managing ~ 12% of global financial assets
(Swiss Re, 2012). Insurance is also of systemic economic importance, with the failure of an insurer
potentially triggering adverse economic and societal impacts. For example, the 2001 collapse of
Heath International Holdings Ltd insurance (the second largest insurer in Australia) impacted the
wider economy and community events due to the subsequent loss of public liability, professional
indemnity and builders warranty insurance (Bellis et al., 2010).

A key tool to minimise the risk of insurance failure is for insurers to hold capital, commensurate with
the risk(s) being undertaken (Australian Prudential Regulatory Authority (APRA), 2012). A key goal
of regulation is therefore for insurers to hold sufficient capital to instil confidence and assurance in
their ability to meet future liabilities, should unexpected events occur. Various changes to what
constitutes “adequate” in terms of capital have occurred over time, and regimes for the determi-
nation of capital differ slightly around the world.
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This paper examines and compares two such regimes in the context of life insurance. The European-
centric Solvency II and Australian-centric Life and General Insurance Capital (LAGIC) capital
requirements both adopt a risk-based capital approach which determine capital based on an
underlying risk profile, and we apply each to synthetic portfolios of risk and annuity products. This
allows a comparison in terms of required capital, and each regime is also compared as to their
robustness to a range of relatively severe stress scenarios.

2. Risks, Solvency and Capital

Life insurers face a variety of risks in conducting their business and being able to satisfy promises
made to policyholders. We summarise these in Table 1.

In the context of such risks, a primary goal of regulatory standards and guidance is to maintain a
company’s ability to redeem its liabilities. The associated term of “solvency” can be defined as “the ability
of an insurer to meet its liabilities under all contracts at any time” (International Association of Insurance
Supervisors, 2015). Concepts like statutory reserves have also historically been adopted, to serve as a
provision to meet an insurer’s obligations. Earlier regulatory efforts in Europe to develop an appropriate
solvency framework introduced terms such as stabilisation reserves for life insurers, and considered a
minimum solvency margin to be a percentage of the technical provisions (Sandstrom, 2010).

In 1979, the First Life Directive (79/267/EEC) implemented the requirement for an extra reserve of
4% of the technical provision as a solvency margin (Sandstrom, 2010). In 2002, directive 2002/38/
EC amended the First Life Directive to form Solvency I. This gave rise to a simple blanket solvency
margin based on various percentages of technical provisions for different product types
(The European Parliament and the Council of the European Union, 2002).

2.1. Solvency II

Over time, the inadequacies and limitations of Solvency I became apparent. Major issues included
the lack of a risk-based approach on both liabilities and assets; a need for better and consistent
disclosure to market participants; and good risk management practices and governance were not
promoted or given a framework (Central Bank of Ireland, 2013; O’Donovan, 2014). As such,

Table 1. Risks faced by life insurers.

Category of risk Description Type of risk

Insurance risks The risk that actual claim amounts and expenses deviate
from expected

Pandemic, mortality, lapse,
longevity, expense

Market risks The risk that losses arise from an asset portfolio, because
of movements in market prices

Interest rate, equity,
currency

Credit risks The default risk of any counterparty to whom an insurer is
exposed to, including assets, and counterparty default risk
in reinsurance contracts

Default, downgrade

Operational risks Risks due to failed internal processes, people and systems,
or from external events which are not inherent in financial,
systematic or market-wide risk

Fraud, system failures,
improper business
practices

Liquidity risks The risk that an asset cannot be traded in a manner to prevent
a financial loss, in particular when selling assets below
market value to meet outstanding liabilities
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a new solvency framework (Solvency II) was established for the European insurance industry.
Major objectives were to align capital requirements with underlying risks being faced and as such
promote capital adequacy, greater transparency and enhanced supervision. A revised set of capital
requirements and risk management standards was established under a three-pillar structure,
including quantitative, qualitative and disclosure requirements (The European Parliament and the
Council of the European Union, 2009; Society of Actuaries Ireland, 2013; The European
Commission, 2015).

Pillar 1, which we will focus on in this paper, covers the rules relating to the valuation of assets and
liabilities, and capital requirements. A supervisory ladder of intervention is embedded into these
capital requirements, by setting two target levels of capital: the Minimum Capital Requirement
(MCR) and the Solvency Capital Requirement (SCR). The MCR is set so that obligations over the
next 12 months are met with a probability of at least 85%, and the SCR is set so that obligations
over the next 12 months are met with a probability of at least 99.5%. This establishes an early
warning mechanism which provides for early supervisory action when needed. If capital falls below
the SCR, this must be restored, but if capital falls below the MCR, “ultimate” supervisory action is
triggered. This can involve a range of regulatory actions including liquidation of assets, and transfer
of liabilities to other insurers (Jean et al., 2011; European Commission, 2015).

Initial Solvency II preparations began in 2002, with development following a four-level “Lamfa-
lussy” process (named the chair of the creating EU advisory committee). This covered the directive,
implementation, supervisory standards and evaluation phases (Comité Européen des Assurances
(CEA), 2007). Various political and industry bodies were involved, including the Groupe Consultatif
Actuariel Europeen, who represented the European actuarial profession (O’Donovan, 2014).

To examine the effect of Solvency II proposals at both company and industry levels, the Committee of
European Insurance and Occupational Pensions Supervisors (CEIOPS) launched five quantitative impact
studies (QIS) between 2005 and 2011 (CEA, 2007). Amongst other things, these studies highlighted (1)
the significant implications of Solvency II including the impact on capital and overall readiness; (2) some
inconsistencies between the SCR and MCR; (3) the impact on insurance groups with multiple sub-
sidiaries; (4) qualitative aspects; and (5) consistency with international accounting standards (CEIOPS,
2006a, 2006b, 2007, 2008; European Insurance and Occupational Pensions Authority (EIOPA), 2011).
Although the final QIS indicated a reduction in surplus capital of ~12% when compared to existing
capital requirements, results varied widely depending on the utilisation of an internal model or the
standard formula, the size of a company, and the company’s line of business (Jean et al., 2011).

The 2008 global financial crisis (GFC) was a catalyst for reviewing Solvency II development, with
more emphasis placed on designing capital rules to prevent a future crisis (Jean et al., 2011). In
January 2011, CEIOPS was replaced by the European Insurance and Occupational Pensions
Authority (EIOPA), and the Solvency II framework was adapted through a directive called Omnibus
II. This enabled EIOPA to enforce binding technical standards as an additional tool for supervision
(European Commission, 2013; O’Donovan, 2014).

The implementation of Solvency II was delayed from October 2013 to January 2016 (European
Commission, 2013) with a key reason for the delay being the approach to long-term liabilities, such
as annuities. Omnibus II clarified the treatment of long-term guaranteed products, with measures
including a volatility adjustment, a matching adjustment (MA) and the extrapolation of the risk-free
interest rate, which helped mitigate the impact of short-term market movements on long-term
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liabilities (European Commission, 2013). The Omnibus II Directive was approved in March 2014
(European Commission, 2014).

The various phases of Solvency II’s development are summarised in Figure 1.

2.2. LAGIC

Similarly, Australia’s regulatory regime did not historically incorporate risk-based
capital, risk management and disclosure requirements as effectively as they could have. As such,
the LAGIC standards were developed, with standards relating to capital requirements developed in
light of the GFC and a series of significant natural disasters over the period 2009–2011. Some of the
weaknesses of the previous regime in Australia included the lack of allowances for losses from
extreme events, the absence of operational risk requirements and the lack of diversification
among various risks that life insurers face. LAGIC was implemented on 1 January 2013 (APRA,
2012). LAGIC has strong parallels to Solvency II and also follows a similar 3-pillar structure,
as per Figure 2.

Lamfalussy 
Process

• General Framework for Solvency II Regulation.
• Created in March 2001

Quantitative 
Impact 
Studies

• 5 QISs launched between 2005 and 2011
to assess the impact of Solvency II on
company and industry levels  

Omnibus II
• Final amendment to
Solvency II for Jan 2016
implementation  

Solvency II 
Implementation 

(Jan 2016)

Figure 1. Solvency II development summary.
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Figure 2. Three-pillar structure of Life and General Insurance Capital (APRA, 2012; APRA,
2013a).
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We focus on the calculation of the capital requirements for life insurers under pillar 1, which sets out
approaches to establish a prescribed capital amount (PCA). The APRA (2012) can apply a “supervisory
adjustment” if it considers that the methodology does not produce an appropriate outcome in the
particular circumstances of an insurer, which can lead to an increase or decrease in required capital.

3. Synthetic Portfolios and Modelling Assumptions

Three different liability portfolios are used to compare Solvency II and LAGIC. For illustrative
purposes in the context of LAGIC requirements, these portfolios are constructed with reference to
realistic Australian product and policyholder profiles. However, the adopted portfolios can be
adapted to other profiles as needed. The liability portfolios are as follows:

1. a risk portfolio, comprising of 10-year level premium term insurance, and yearly renewable term
(YRT) insurance;

2. an annuity portfolio, comprising of life annuities and guaranteed term annuities;

3. a combined portfolio, combining both portfolios above.

All portfolios are assumed to be in run-off, with no new business modelled. This simplifies calcu-
lations but more importantly obviates the need to make additional assumptions about volumes of
future new business. We calculate capital requirements for the above portfolios under both Solvency
II and LAGIC.

3.1. Construction of risk portfolio

The risk portfolio is based on two products, level premium term insurance and YRT insurance.
Both risk products only pay the sum insured if the life insured dies, with no savings or traditional
insurance aspect to either product, including no surrender value. The level premium term insurance
pays out if death occurs within a fixed term, with premiums level for the term of the policy. For the
YRT, premiums change each year in line in underlying changes in mortality rates as the life insured
ages (Actuaries Institute, 2013).

Each product is assumed to have 10,000 policyholders, representative of the ages and sums
insured within the 2004–2008 Financial Services Council (FSC)-KPMG investigation results (FSC,
2012). Average sums insured are inflation-adjusted to obtain 2015 values. in total, 59% of pol-
icyholders are male while 41% are female.

An additional assumption is the policy year for level premium term policies, as this impacts
the best estimate liability (BEL) calculation, and hence the determination of capital. This is discussed
shortly.

The distributions of life insured ages and sum insured for each policy, and the distribution of policy
year for level premium term policies, are given in Appendix A.

3.1.1. Premium structure and future expenses
To project future cash flows for risk policies, the pattern and amount of future premiums are
required. In line with observed industry pricing, a discount of 5% is applied to the premium for risk
policies with sum insured between $500,000 and $1 million, and a discount of 10% is applied to
policies with sum insured >$1 million.
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Premium rates for YRT policies are based on actual industry quotes1. We did not obtain 10-year
level premium term quotes directly, so adopted a cost-plus pricing approach which was based on
applying a margin of 20% margin on top of the expected cost of claims and expenses.

Assumptions regarding policy expenses and levels of sales commission were made in consultation
with a life insurance actuary currently working in the Australian industry, who confirmed that the
assumptions made were not unrealistic. These assumptions are given in Appendix A.

3.2. Construction of annuity portfolio

The annuity portfolio comprises of 10,000 lifetime and 10,000 guaranteed annuity policies. Of all
annuity policyholders, 47% are male and 53% are female, which represents the gender mix of the
Australian population aged 60 and above.

In a guaranteed annuity, a single premium is paid in exchange for a guaranteed annual payment for a
certain duration regardless of whether the policyholder is dead or alive, whereas for a life annuity, a
regular annual payment is made if the policyholder is alive. We assume that the duration of payments
for a guaranteed annuity follows the life expectancy of the policyholder.

We assume an average annual payment for guaranteed annuities based on the Association of
Superannuation Funds of Australia’s (ASFA) (2014) retirement standard for a modest lifestyle, with
the average annual payment for guaranteed annuities assumed to be slightly higher than that for life
annuities. Based on age bands of 5 years starting at age 60, the average annual annuity payment
decreases as age increases to account for the effects of inflation dating back to policy commencement,
and greater wealth of more recently retiring annuitants. Surrender values are assumed to be zero and
annuity payments are assumed to be level rather than inflation-linked. Appendix B presents the
distribution of age and annual annuity payment for males and females, for both annuity products.

Premiums for annuities are not needed for the calculation of liabilities and capital requirements.
However, a $50 per policy annual expense to cover administrative costs was allocated to each in
force policy for the purposes of liability calculations.

3.3. Combined portfolio

The combined portfolio combines the above risk and annuity portfolios. Therefore, it consists of
40,000 policies, with 10,000 policies each of 10-year level premium term life, YRT, life annuities and
guaranteed annuities.

3.4. General modelling assumptions

A range of assumptions in addition to those discussed above are required. For the risk portfolio, all
premiums and non-claim expenses are assumed to occur at the beginning of each year, and all claim
payments and claim expenses are assumed to occur at the end of each year. For the annuity portfolio,
all payments and expenses are assumed to occur at the end of each year.

We ignore the impact of tax on our calculations, preferring to focus on other key drivers of BEL
which includes mortality, expenses, lapses, investment returns and discount rates.

1 Quotes are obtained from www.comparethemarket.com.au
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Mortality rates for the risk policies are based on an Australian lump sum experience investigation from
2004 to 2008, partitioned by age, gender and smoking status, with a 2-year select period (FSC, 2012).
Expected annuitant mortality differs from population mortality due to self-selection effects. However, with
small numbers of Australian annuitants and no standard Australian annuitant mortality tables, we refer
instead to experience of US individual annuities to determine annuitant mortality as a percentage of
Australian population mortality (Australian Bureau of Statistics, 2014). This is given in Appendix C.

Lapse rates are lower for level premium term than for YRT, given the presence of yearly premium
increases with YRT. Assumed level premium term insurance lapse rates align closely with lapse rates
for US 10-year level premium term insurance (Rozar et al., 2010), and YRT lapse rates are modified
from Australian experience (Gilling, 2013) to enable a higher lapse rate in year 1, and higher lapse
rates for policyholders aged over 65, due to more significant year-on-year premium increases and less
need for cover as the policyholder ages. Assumed lapse rates are given in Appendix C.

Assumptions for both investment returns and discount rates are specific to each portfolio in the
context of liability valuation, and are discussed separately below.

3.5. Liabilities and assets for annuities

3.5.1. Liabilities
As part of calculating the BEL for each annuity policy, future net cash outflows at year t are given by:

Net cash outflow tð Þ=annual annuity payment + expenses� investment income Equation (1)

The net cash outflows are discounted to obtain the value of the BEL for that particular policy.
For LAGIC:

Discount rate at duration t=risk-free rate + illiquidity premium Equation (2)

LAGIC prescribes the use of Australian government bond yields as the risk-free rate. Rates up to
10 years were obtained from the Reserve Bank of Australia (RBA) and the June 2015 average forward
rates were used. Rates with duration above 10 years were extrapolated using an ultimate forward rate
of 6.0% at 60 years duration, an approach adopted by others (Mulquiney & Miller, 2013).

The market interest rates for government bonds incorporate an effective market rate for the liquidity of its
securities, known as the liquidity premium. However, the annuity liabilities are not liquid from the insurer
or policyholder perspective, hence an illiquidity premium is added to the government bond yield at each
duration. The illiquidity premium is calculated as 30% of the A-rated bond spread over the Australian
government bonds for durations ≤10 years and 0.2% for durations above 10 years (APRA, 2013b).

For Solvency II, we adopt the same risk-free rate as that for LAGIC above. In addition, incentives are
given to insurers for matching cash flows of long-term liabilities with those of long-term assets2.
Arising from Omnibus II, this MA aims to offset short-term asset value fluctuations
resulting from risks other than default risks by decreasing the BEL, through an increase in the risk-free
discount rate. This avoids artificial volatility in technical provisions and capital requirements and
means that short-term asset price movements have less impact on the insurer’s ability to meet
long-term liabilities.

2 For example, where bond coupon payments held as assets match the expected liability cash flows of annuity
payments.
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Hence, we also consider a capital approach which we call Solvency II (MA), which only applies
to the annuity and combined portfolios. The relevant discount rate is equal to a risk-free rate plus
a MA. The MA is the parallel upward shift to the risk-free discount rate used in valuing eligible
policy liabilities, and is equal to (Monetary Authority of Singapore, 2014)

Spread of A-rated bonds� estimated spread for cost of default
� estimated spread for cost of downgrade Equation (3)

We obtain the estimated spread for cost of default and estimated spread for cost of downgrade from
Standard & Poor’s (2015), and the spread of A-rated bonds from the RBA. This gives a MA of
1.47%3, to be applied to annuity valuation under a Solvency II (MA) approach.

3.5.2. Assets
With annuities, a life insurer needs to balance the amount invested in cashflow matched
assets such as bonds, and the amount invested in riskier or growth assets, as increasing allocations to
growth or non-matched assets will increase capital requirements (and the rate of return on share-
holder capital will not necessarily increase). We select an asset portfolio that aligns closely with the
annuity asset portfolio of the largest provider of annuities in Australia (Challenger, 2016). This is
given in Table 2.

This gives rise to an expected investment earning rate of 6% per annum for the annuity portfolio
(non-MA).

Under the Solvency II (MA) approach, we assume an asset portfolio of 3% cash and 97%
A-rated corporate bonds, with the cash flows of the A-rated bond coupons matched to the expected
annuity payments. This gives an assumed investment rate of 5% per annum for the annuity
portfolio (MA).

3.6. Liabilities and assets for risk products

3.6.1. Liabilities
For YRT policies, annual premiums tend to increase each year in line with mortality increasing with
age. Premiums are set to be higher than the sum of expected claim payments and expenses in the
coming year, giving rise to negative policy liabilities. For 10-year level premium term policies, annual
premiums are fixed for the 10-year policy term, but claim payments are expected to increase as

Table 2. Annuity assets portfolio.

Annuity portfolio %

Cash and cash equivalents 3
Bonds 70
Properties 19
Equities 8

3 This is calculated as: (1) discount rate of the bond portfolio; (2) default and downgrade risk; (3) risk-free
interest rate. (1) and (3) are based on the weighted average duration of the bond portfolio (consisting of bonds of
different maturity dates), with interest rates based on the June 2015 yield curve of Australian commonwealth
government bonds. (2) is based on Standard & Poor’s (2015: 10, table 4) for the A-rated bond portfolio.
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policyholders get older. This can give rise to a positive BEL which will depend on the age of the
policyholder and the policy year. Liabilities are calculated by first calculating the net cash flows in
each future year. The net cash flow in year t is

Net cash flowt=Premiumt � Expensest � Claimst + Investment Incomet Equation (4)

The BEL is calculated by:

BEL=�
X
t=1

Net Cash Flowst
1 + rð Þt

where r is the risk�free discount rate Equation ð5Þ

3.6.2. Assets
Single large claim amounts can occur anytime for risk policies, and a large number of claims can
occur if there was a pandemic. Hence, we assume that the assets backing the liabilities (where these
are positive, which in this case is only for some level premium term policies) comprise of short-term
liquid assets such as cash and A-rated corporate bonds. The asset portfolio backing the liabilities in
the risk portfolio is therefore assumed to consist of 91% cash, and 9% corporate bonds. This gives
rise to an assumed investment earning rate of 2% per annum for the risk portfolio, which is the
recent Australia cash rate4.

4. Applying Solvency II and LAGIC

4.1. Solvency II

We focus on the SCR rather than the MCR. As well as requiring the use of market values wherever
possible to value assets and liabilities, Solvency II requires insurers to create technical provisions
which correspond to the amount they would pay should they transfer their insurance obligations
immediately to another insurer. For this, there are two distinct liability valuation methods. When
dealing with hedgeable risks5, the technical provision is the market value. When dealing with non-
hedgeable risks6, the technical provision is the best estimate (BE) plus a risk margin. The risk margin
is an amount above the BE that an independent third party requires to take over the liabilities, with
reference to the cost of capital. The calculation of the risk margin is calculated on each line of
business as follows (The European Parliament and the Council of the European Union, 2009):

CoCM=CoC ´
P
t≥0

SCRt

,
1 + rt + 1ð Þt + 1 Equation (6)

where CoCM is the risk margin, CoC the cost of capital rate (assumed as 6%), SCRt the SCR for
year t as calculated for the insurer, and rt the risk-free rate for maturity t.

Simplifications for the calculation of the risk margin are allowed, depending on risks involved. We
calculate the SCR via a “proportional proxy” approach which approximates the future years’ SCR
using a proportionate measure, one of various possible approaches, and selected after consultation

4 See http://www.rba.gov.au/statistics/cash-rate/
5 Hedgeable risks are risks which can be hedged or easily transferred to a third party. For example, market

risks which could be hedged by purchasing put options.
6 Non-hedgeable risks are risks that cannot be hedged or easily transferred to a third party due to the lack of a

deep and liquid market. For example, expense risks and operational risks.
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with actuaries in the industry7. Essentially, future capital requirements are estimated by multiplying
the current year capital requirements by the ratio of expected (discounted) BEL at each future time
period to the current year expected (discounted) BEL.

The insurer can use either a standard formula or an internal model to calculate the SCR. The principle
behind the standard formula is to reflect as accurately as possible the Value-at-Risk (VaR) of the
insurer’s fund at a 99.5% confidence level over a 1-year period (The European Parliament and the
Council of the European Union, 2009). The calculation of the SCR is given by

SCR=BSCR + SCROperational +RegulatoryAdjustment Equation (7)

where BSCR is the basic SCRs.

The BSCR incorporates market risk, default risk, intangible risk and life underwriting risk modules.
A pre-defined correlation matrix is used to incorporate benefits that arise from any diversification
between these risks (The European Parliament and the Council of the European Union, 2009).

BSCR=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX
ij

Corr SCRi;j ´ SCRi ´ SCRj

s
+ SCRIntangible Equation (8)

where Corr SCRi,j refers to the pre-defined correlation matrix.

The operational risk charge, SCROperational, refers to the risk of losses arising from failed or
inadequate internal processes, or from external events. It is calculated as:

Minð0:3 ´BSCR; OpÞ + 0:25 ´Expul Equation (9)

where Op is the basic operational risk charge for all business = max(Oppremiums, Opprovisions),
Oppremiums the 4%× gross earned premiums for life insurance, Opprovisions the 0.45%× gross tech-
nical provisions for life insurance, Expul the annual expenses for unit linked business.

We consider only the capital requirements relating to non-hedgeable risks for our products – for
annuities, the longevity and expenses stresses are non-hedgeable; and for risk products, the mortality,
catastrophe, lapse and expenses stresses are non-hedgeable. A summary of the applicable market risk
stresses and life underwriting risk stresses is given in Appendix D.

4.2. LAGIC

The required level of capital for regulatory purposes is the prudential capital requirement (PCR)8, which is
equal to the PCA plus a supervisory adjustment, which is required if APRA “is of the view that there are
prudential reasons for doing so” (APRA, 2013a). The PCA can be determined by applying a standard
method or by using an internal model approved by APRA, or by using a combination of these two.
Liabilities under LAGIC are calculated on a BE basis, with risk-free discount rates used in valuing future
cash flows. The PCA under the standard method is determined via the components outlined in Table 3.

From Table 3 and similar to Solvency II, diversification benefits are accounted for among modules in
the insurance risk and asset risk charges, an aggregation benefit which is a diversification benefit
between asset risks and insurance risks, and in addition, a combined stress scenario adjustment.

7 We thank the actuaries who provided us with this and other advice in this paper.
8 The life insurer is required to calculate a PCR for each Statutory Fund and its General Fund. The life

insurer’s PCR is the sum of the PCR of its Statutory Funds and General Funds (APRA, 2013a).
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A summary of the applicable asset risk charge and insurance risk charge stresses and life under-
writing risk stresses is given in Appendix D.

5. Results

Capital requirements for all three portfolios are calculated under Solvency II and LAGIC (see
Appendix E for illustrative model points). For Solvency II (MA), capital requirements for the annuity
portfolio and the combined portfolio are calculated, as MA only applies to long-term liabilities.
We first consider the value of liabilities for each portfolio, under each capital regime. These are given
in Table 4:

Over the entire risk portfolio of YRT and level premium risk policies, the value of liabilities is zero9

as the expected present value of future premiums is greater than the expected present value of future
claims and expenses for all YRT policies, and many level premium policies. Hence, there is no net
liability over the entire risk portfolio.

For the annuity portfolio, despite the MA of 1.47% being added to the risk-free discount rate when
discounting future cash flows under Solvency II (MA), the liability under Solvency II (MA) is greater

Table 3. Components of the prescribed capital amount (PCA).

Component of PCA Description Reference

Insurance risk charge Ascertains impact from changes in future lapses, longevity,
morbidity, mortality, expenses and other insurance risks.
Stressed assumptions are determined by applying “stress
margins” to the best estimate assumptions. A pre-specified
correlation matrix accounts for diversification between risks

LPS115 (APRA, 2013c)

Plus an asset risk
charge

Ascertains impact of adverse movements on a fund’s on-
balance sheet and off-balance sheet exposures. Pre-defined
stresses are applied to real interest rates, expected inflation,
currency, equity, property, credit spreads and default rates.
An aggregation formula/correlation matrix accounts for
diversification between each risk charge

LPS114 (APRA, 2013b)

Plus an asset
concentration risk
charge

Addresses the risk from concentrations in individual assets or
large exposures to counterparties

LPS117 (APRA, 2013d)

Plus an operational
risk charge

Relates to the risk of failed or inadequate internal processes,
people and systems, or from external events.

LPS118 (APRA, 2013e)

Plus a combined stress
scenario adjustment

Calculated from a single scenario with all asset and insurance
risk stresses concurrently applied. Allows for tax benefits
that cannot be netted against deferred tax liabilities, and
any reductions in policyholder benefits as a result of
aggregated management actions

LPS110 (APRA, 2013a)

Minus an aggregation
benefit

Allows for diversification between asset and insurance risks,
via an aggregation formula that considers only the asset risk
charge and the insurance risk charge

LPS110 (APRA, 2013a)

9 As advised by industry experts, liabilities calculated under capital reporting purposes is the termination
value as the book is profit-making. In this case, no termination values are assumed so the value of the liabilities,
also known as adjusted policy liabilities under APRA Prudential Standards, is zero.
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than Solvency II. This is due to the higher expected investment return rate of 6% under Solvency II
compared to 5% under Solvency II (MA), arising from our asset selections under each approach.

5.1. Capital requirements

For convenience, we refer to SCR or PCA as the capital requirement. Table 5 shows these for each
portfolio, under each capital regime.

It is a trivial observation that the annuity portfolio requires a substantially larger capital
requirement than the risk portfolio. Of more interest are any insights regarding the major con-
tributors to the capital requirements for each portfolio under each capital regime, and also the
relationship between the capital requirements for the combined portfolio with the separate risk and
annuity portfolios. We therefore break down overall capital requirements into separate risk charge
categories. The market risk category in Solvency II is akin to asset risk in LAGIC, and the life
underwriting risk category in Solvency II is akin to insurance risk in LAGIC. For convenience, we
refer to the nomenclature of Solvency II risk categories. For the risk portfolio, capital requirements
are given in Table 6.

Table 4. Value of liabilities for each portfolio.

Value of liabilities Solvency II Solvency II (MA) LAGIC

Risk portfolio $0 $0
Annuity portfolio $4,042,793,126 $4,093,245,299 $3,952,516,435
Combined portfolio $4,042,793,126 $4,093,245,299 $3,952,516,435

Note: The risk margins are included in Solvency II and Solvency II (matching adjustment (MA)). There is no risk
margin under Life and General Insurance Capital (LAGIC) and the liability values displayed in Table 4 are the
respective portfolio best estimate liabilities.

Table 5. Capital requirements.

Solvency II Solvency II (with MA) LAGIC

Risk portfolio $3,740,434 $4,001,804
Annuity portfolio $615,782,721 $229,606,284 $559,529,833
Combined portfolio $615,767,419 $229,607,561 $562,596,220

Note: MA, matching adjustment; LAGIC, Life and General Insurance Capital.

Table 6. Risk portfolio capital requirements.

Risk charge categories Solvency II % LAGIC %

Market $60,443 2 $49,702 1
Life underwriting $3,020,080 80 $3,463,013 87
Operational risk $704,679 19 $528,509 13
Diversification benefits −$44,768 −1 −$39,420 −1
Total capital requirements $3,740,434 100 $4,001,804 100

Note: LAGIC, Life and General Insurance Capital.
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LAGIC’s capital requirement is 7% higher than Solvency II’s capital requirement for the risk port-
folio. Life underwriting risk is the most significant risk category, due to mortality and pandemic risks
being two major risks with regards to YRT and level premium term insurance products.

To better analyse the capital requirements for the annuity and combined portfolios, the asset risk
category is divided further into its individual modules: equities, properties, interest rate and credit
spread. LAGIC has an additional module, inflation rate, which alters the nominal interest rate and
affects bonds and the discount rate used in valuing liabilities. For comparison, the LAGIC inflation
rate module is combined with the Solvency II interest rate module. Table 7 shows the annuity
portfolio capital requirements under Solvency II, Solvency II (MA) and LAGIC.

Because the market risk modules can significantly affect the market value of the assets in the annuity
portfolio, market risk forms the bulk of the capital requirements under Solvency II, Solvency II (MA)
and LAGIC. Life underwriting comprises of longevity risk and expense risk, with longevity risk
contributing the majority of the capital requirements in this category.

Despite bonds forming 70% of our asset portfolio, and properties and equities forming <30%, the
capital requirements related to properties and equities are as large as those related to bonds (interest
rate and credit spread). This highlights the magnitude of risk charges that apply to higher-risk assets.

The total capital requirement under Solvency II (MA) is substantially lower than that under Solvency
II and LAGIC. This is because the asset portfolio under Solvency II (MA) consists of only corporate
bonds and cash, meaning there are no equity and property risk charges. Also, as the assets are ring-
fenced10 and held to maturity, there is no interest rate risk charge. For the same reason, the credit
spread risk charge is also lower.

The stress magnitude for equities is higher in Solvency II (46.5% of market value) when compared
to LAGIC (34%), and Solvency II also has a higher operational risk charge. LAGIC has a higher
stress on properties than Solvency II (28% of the market value, compared to 25%), higher stresses
for credit spread and interest rate (inflation rate included), but also provides for greater diversifi-
cation benefits due to differences in the pre-defined correlation factors.

Table 7. Annuity portfolio capital requirements.

Risk charge categories Solvency II % Solvency II (MA) % LAGIC %

Equity $168,067,523 27 $0 0 $122,437,511 22
Property $180,717,767 29 $0 0 $203,886,711 36
Interest rate $133,994,647 22 $0 0 $147,173,247 26
Credit spread $213,381,514 35 $192,947,558 84 $246,683,256 44
Life underwriting $54,781,128 9 $54,781,128 24 $52,813,841 9
Operational risk $18,664,176 3 $16,264,599 7 $9,881,291 2
Diversification benefits −$153,824,034 −25 −$34,387,001 −15 −$223,346,024 −40
Total capital requirements $615,782,721 100 $229,606,284 100 $559,529,833 100

Note: MA, matching adjustment; LAGIC, Life and General Insurance Capital.

10 Ring-fencing refers to the financial separation of a company’s assets without necessarily operating as a
separate entity (The European Parliament and the Council of the European Union, 2009).
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The overall result is that Solvency II (MA) yields the lowest capital requirement, with Solvency (II)
requirements exceeding those under LAGIC.

As the annuity portfolio’s capital requirements are substantially higher than the risk portfolio’s
capital requirements (see Table 5), the capital requirements for the combined portfolio closely
mirrors the capital requirements for the annuity portfolio. The distribution of capital requirements
among different risk charge categories are very similar to the annuity portfolio.

Importantly, the capital requirement for the combined portfolio is less than the sum of the capital
requirements of the annuity and risk portfolio. This is mainly because of the diversification effects
between the mortality risks in the risk portfolio and the longevity risks in the annuity portfolio. From
the insurer’s perspective, a fall in mortality rates will positively impact the risk portfolio as claims
decrease, whilst negatively impacting the annuity portfolio as annuity payments occur for longer,
and vice versa.

As a percentage of liabilities, capital requirements are similar for both the annuity and combined
portfolios. This is due to the zero BEL for the risk portfolio and the similar capital requirements for
the annuity and combined portfolios. Solvency II (MA) has a much lower capital requirement at 6%
of liabilities compared to Solvency II (15%) and LAGIC (14%), respectively.

In terms of the overall asset base, we consider the sum of liabilities and capital requirement, as an
insurer needs enough assets to provide for liabilities and capital requirements. Table 8 gives the
details.

Importantly, these figures are the minimum assets required under each regime, in order to be solvent.
Insurers will hold additional capital, above and beyond the capital requirements modelled here.

6. Stress Scenarios

Three stress tests/scenarios are applied to all three portfolios, to compare the impact on the suffi-
ciency of the SCR (Solvency II) and the PCR (LAGIC). They are as follows:

1. GFC conditions;

2. pandemic conditions;

3. pandemic + financial crisis conditions.

Such scenarios enable us to better understand the sufficiency of the SCR and PCR under a range
of extreme, but nevertheless possible scenarios. We describe each stress scenario below.

Table 8. Required assets under Solvency II, Solvency II (matching adjustment (MA)) and Life and General
Insurance Capital (LAGIC).

Solvency II Solvency II (with MA) LAGIC

Risk portfolio $3,740,434 $4,001,804
Annuity portfolio $4,658,575,847 $4,322,851,583 $4,512,046,268
Combined portfolio $4,658,560,544 $4,322,852,859 $4,515,112,655
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6.1. GFC conditions

The 2008 GFC impacted many countries, including Australia. Equity markets fell significantly, with
the ASX200 index falling over 50% from its value at the start of 2008. Property prices fell sig-
nificantly, with the ASX A-REIT11 index also falling over 50%. The RBA cash rate fell from 7.25%
to 3%, and as a result of the “flight-to-quality”12 phenomenon, the credit spread for bonds also
widened significantly. Indeed, the A-rated corporate bond spread over government bonds increased
from an average of 100 basis points in 2007, to 250 basis points at January 2008, to an average of
450 basis points in early 200913. Based upon this, we select the set of assumptions in Table 9 to
model the GFC conditions stress scenario.

6.2. Pandemic conditions

The 1918 “Spanish” flu pandemic was the most severe pandemic in recent times, with to 3%–5% of
the world’s population dying from the virus. In Australia, close to 10,000 people died from a
population of around 5 million, translating to an excess additive mortality rate of ~0.2%. Some
regions in Europe suffered even more severely, with the excess additive mortality rate in Spain
estimated as high as 1% (Johnson & Mueller, 2002).

We consider various excess additive mortality rates due to a pandemic, over a 12-month
period. The values of excess additive mortality rates considered are 1%, 0.5%, 0.25% and 0.15%.
Solvency II regards 0.15% as a 99.5% worse-case scenario of a pandemic (EIOPA, 2014).
It is possible of course that a pandemic may have more adverse effects on certain population
cohorts. For example, the 1918 Spanish flu had a greater impact on the young than the
elderly (Johnson & Mueller, 2002). Nevertheless, for ease of modelling we assume a constant
additive mortality rate for the entire population, an approach not inconsistent with other studies
(e.g. APRA, 2007).

6.3. Pandemic and financial crisis conditions

The pandemic scenario above does not incorporate other potential consequences of a pandemic, such
as a range of economic impacts. These might include decreased activity in tourism, entertainment,
retail and transportation sectors; disrupted business activities arising from involuntary absenteeism
from work; and negative investor sentiments (Browne et al., 2013). Hence, we also consider a stress
scenario which combines pandemic and financial impacts, with financial impacts less than for
GFC-type conditions, but nevertheless still significant (Table 10).

Table 9. Global financial crisis conditions stress.

Stress type Details

Equities 50% fall in market value
Properties 50% fall in market value
Credit spread Increase of 200 basis points

11 Real Estate Investment Trust.
12 This occurs when investors sell what they perceive to be higher-risk investments and purchase safer

investments, such as AAA-rated government bonds.
13 See Bloomberg.com
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7. Results of Applying Stress Scenarios

7.1. GFC conditions stress

The GFC stresses are conducted on all portfolios. Results for the risk portfolio are given in Table 11.

The risk portfolio is minimally impacted, as the major risk in this portfolio relates to mortality rather
than economic factors. There are few assets compared to the annuity portfolio, and most of these
assets are in cash. Although the credit spread stress affects the market value of the A-rated corporate
bonds, the impact is significantly lower than the capital requirements.

Next, we consider the annuity and combined portfolios in Tables 12 and 13.

The impact on both portfolios is similar as the assets of the annuity portfolio form the overwhelming
majority of the assets in the combined portfolio. In both portfolios, the capital requirements are not
sufficient to cover the impact of the GFC conditions stresses under any capital regime, an

Table 10. Pandemic + financial crisis stresses.

Stress type Details

Expenses 10% increase, arising from costs of business disruption
Mortality rate 1% additive increase in mortality rates
Equities 25% fall in market value
Properties 25% fall in market value

Table 11. Global financial crisis conditions stress (risk portfolio).

Type of stress Stress amount (%) Solvency II LAGIC

Credit spread stress 2 $41,346 $41,346
Equities stress 50 $0 $0
Properties stress 50 $0 $0
Total stress impact $41,346 $41,346
Capital requirements $3,740,434 $4,001,804
Are capital requirements sufficient? Yes Yes

Note: LAGIC, Life and General Insurance Capital.

Table 12. Global financial crisis conditions stress (annuity portfolio).

Type of stress Stress amount (%) Solvency II Solvency II (MA) LAGIC

Credit spread stress 2 $374,093,124 $524,855,404 $365,739,521
Equities stress 50 $161,711,725 $0 $158,100,657
Properties stress 50 $384,065,347 $0 $375,489,061
Total stress impact $919,870,196 $524,855,404 $899,329,240
Capital requirements $615,782,721 $229,606,284 $559,529,833
Are capital requirements sufficient? No No No

Note: MA, matching adjustment; LAGIC, Life and General Insurance Capital.
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unsurprising result since the stress amounts are larger than the stresses conducted under the reg-
ulatory regimes. However, this does not infer in itself that insolvency would automatically follow for
an insurer, as insurers hold capital in excess of the total capital requirements. Furthermore, the 50%
fall in equity and property prices conducted in the stress scenario do not happen instantaneously,
rather insurers may have time to raise capital or take other actions to manage the risk as it unfolds.
Furthermore, our Solvency II and LAGIC capital calculations assumed a regulatory adjustment of
zero, which of course may not be realistic in practice.

7.2. Pandemic conditions stress

The pandemic stress scenarios are conducted on all portfolios. For the risk portfolio, the increased
mortality rate leads to higher expected claim payments and expenses which worsens the capital
position of the insurer. The sufficiency of the capital requirements for the risk portfolio are shown
in Table 14.

For both Solvency II and LAGIC, the capital requirements are not sufficient to cover pandemic cases
where the additive mortality is 0.25% or greater. Both capital regimes can accommodate an additive
increase to mortality of 0.15%, which is viewed by Solvency II as a 99.5% worst-case pandemic
scenario.

Table 13. Global financial crisis conditions stress (combined portfolio).

Type of stress Stress amount (%) Solvency II Solvency II (MA) LAGIC

Credit spread stress 2 $374,225,314 $524,855,404 $365,739,521
Equities stress 50 $161,711,725 $0 $158,100,657
Properties stress 50 $384,065,347 $0 $375,489,061
Total stress impact $920,002,386 $524,855,404 $899,329,240
Capital requirements $615,767,419 $229,607,561 $562,596,220
Are capital requirements sufficient? No No No

Note: MA, matching adjustment; LAGIC, Life and General Insurance Capital.

Table 14. Pandemic conditions stress (risk portfolio).

Additive pandemic mortality rate 1.0% 0.50% 0.25% 0.15%

Total sum insured $6,179,876,681 $6,179,876,681 $6,179,876,681 $6,179,876,681
Net pandemic stress impact* $38,037,780 $15,120,712 $5,522,460 $2,505,592
Solvency II capital requirements $3,740,434 $3,740,434 $3,740,434 $3,740,434
LAGIC capital requirements $4,001,804 $4,001,804 $4,001,804 $4,001,804
Are capital requirements sufficient? No No No Yes

Note 1:
*The net pandemic stress impact is not the additive pandemic mortality rate multiplied by the sum insured. This is
due to the portfolio of yearly renewable term and term policyholders being profit-making before the pandemic
stress. The net pandemic stress impact is the expected loss from the entire book of policyholders. Hence, a
doubling of rates from 0.25% to 0.5% corresponded to a much higher percentage increase in net pandemic stress
impact. This is because the increase from 0.25% to 0.5% did not have a profit to buffer the direct increase in
claims compared to an increase from 0% to 0.25%.
Note 2: LAGIC, Life and General Insurance Capital.
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A reverse stress test was also conducted to examine the additive mortality rate which would render
capital requirements to be insufficient, for each capital regime. This showed that the capital
requirements are sufficient for an additive pandemic mortality rate as high as 0.193% and 0.202%
for Solvency II and LAGIC, respectively.

The annuity portfolio was not negatively impacted by the pandemic stress scenario, as any rise in
population mortality rates decreases the total expected annuity payments. The impact on the
combined portfolio is given in Table 15.

The capital requirements are sufficient in covering the pandemic stress impact, although the impact is
lower when compared to the risk portfolio. This is due to the natural hedge of mortality risks when
holding both death and survival benefits.

7.3. Pandemic and financial crisis conditions stress

In the absence of economic impacts which may arise from a pandemic, the annuity and combined
portfolio capital requirements were assessed to be sufficient in the pandemic conditions scenario.
Hence, we now assess the sufficiency of the capital requirements for the annuity and combined
portfolios in the presence of both pandemic and financial crisis conditions. Tables 16 and 17 give the
results for these portfolios.

The stress testing indicates that capital requirements for the annuity and combined portfolios are
sufficient for pandemic and financial crisis conditions, under all capital regimes. Overall impact on
profit will be negative for an insurer holding an annuity portfolio, even though the higher mortality
rates will decrease expected life annuity payments. This is because the financial impact of lower
market values for its asset portfolio in the form of higher credit spreads, lower property and lower
equity market prices, significantly outweighs the benefits of lower life annuity payments. The stress
scenario has a larger impact on the combined portfolio than the annuity portfolio, because the
combined portfolio includes the risk portfolio which is severely impacted by the pandemic stress.

In addition, this scenario shows the sufficiency of capital requirements for the annuity and combined
portfolios should a less severe market crash occur for reasons not due to a pandemic. Events which

Table 15. Pandemic conditions stress (combined portfolio).

Pandemic mortality additive amount 1.0% 0.50% 0.25% 0.15%

Total sum insured $6,179,876,681 $6,179,876,681 $6,179,876,681 $6,179,876,681
Current year life annuity payments $212,787,567 $212,787,567 $212,787,567 $212,787,567
Net exposure amount* $5,967,089,114 $5,967,089,114 $5,967,089,114 $5,967,089,114
Net pandemic stress impact $36,728,051 $14,600,071 $5,332,309 $2,419,319
Solvency II capital requirements $615,767,419 $615,767,419 $615,767,419 $615,767,419
LAGIC capital requirements $562,596,220 $562,596,220 $562,596,220 $562,596,220
Are capital requirements sufficient? Yes Yes Yes Yes

Note 1:
*The net exposure amount is the insurance sum insured minus the total current year life annuity payments.
It reflects the total exposure to the additional pandemic mortality rate.
Note 2: LAGIC, Life and General Insurance Capital.
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led to a 0.5% additive increase to credit spreads and a fall in equity and property prices by 25% have
occasionally occurred in recent years, but such scenarios are less severe than the 99.5% worse-case
scenario benchmark which Solvency II and LAGIC capital requirements are based on.

8. Conclusion

Solvency II and LAGIC are two examples of improvements on previous capital regimes. Under
previous regimes, a fixed proportion of the liabilities are set aside as capital requirements, which may
not be ideal as it does not match the underlying profile of risks that an insurer faces. We compare the
capital requirements for both Solvency II and LAGIC for three different life insurance portfolios, and
then again under three different stress scenarios.

We find that the annuity portfolio has the most significant capital requirements of all three port-
folios. It is unsurprising that annuities have higher capital requirements than risk policies, given the

Table 16. Pandemic and financial crisis conditions stress (annuity portfolio).

Type of stress Stress amount (%) Solvency II Solvency II (MA) LAGIC

Credit spread stress 0.5 $93,523,281 $131,213,851 $91,434,880
Equities stress 25 $80,855,863 $0 $79,050,329
Properties stress 25 $192,032,673 $0 $187,744,531
Mortality stress 1 −$2,127,876 −$2,127,876 −$2,127,876
Expenses stress 10 $80,000 $80,000 $80,000
Total stress impact $364,363,941 $129,165,975 $356,181,864
Capital requirements $615,782,721 $229,606,284 $559,529,833
Capital requirements sufficient? Yes Yes Yes
Capital sufficiency ratio* 1.69 1.78 1.57

Note 1:
*This ratio of [capital requirements] divided by [total stress impact] assesses the extent of sufficiency of the capital
requirements. A ratio of larger than 1 indicates sufficient capital requirements.
Note 2: MA, matching adjustment; LAGIC, Life and General Insurance Capital.

Table 17. Pandemic and financial crisis conditions stress (combined portfolio).

Type of stress Stress amount (%) Solvency II Solvency II (MA) LAGIC

Credit spread stress 0.5 $93,556,329 $131,213,851 $91,434,880
Equities stress 25 $80,855,863 $0 $79,050,329
Properties stress 25 $192,032,673 $0 $187,744,531
Mortality stress 1 $36,728,051 $36,728,051 $36,728,051
Expenses stress* 10 $143,580 $143,580 $143,580
Total stress impact $403,316,495 $168,085,482 $395,101,370
Capital requirements $615,767,419 $229,607,561 $562,596,220
Capital requirements sufficient? Yes Yes Yes
Capital sufficiency ratio 1.53 1.37 1.42

Note 1:
*For the risk portfolio component, the expenses stress is calculated as the additional loss incurred by the entire
book of policyholders after the increase in expenses are incorporated.
Note 2: MA, matching adjustment; LAGIC, Life and General Insurance Capital.
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significantly higher asset-related risks being faced. With single premium annuities, the insurer has to
fulfil a defined set of annuity payments to the policyholder and as such, it carries the risk that the
market value of the supporting assets will fall. Longevity risk is also a substantial risk and attracts a
significant capital charge. In contrast, for risk insurance, regular premium income is received and is
established to be sufficient to provide for future claims, expenses and profit. Its main capital
requirements relate to managing a “worse-case scenario” involving mortality risk and catastrophe
risk, such as would be evident in a pandemic.

Of additional interest is that the capital requirements for the combined portfolio is less than the sum
of the capital requirements of the annuity and risk portfolios, for both Solvency II and LAGIC. This
arises from diversification effects between the longevity and mortality risks in the annuity and risk
portfolios, respectively.

For the annuity and combined portfolios, Solvency II requires more capital than LAGIC. This is due
to higher capital requirements, a higher value of liabilities (technical provisions) arising from the
presence of the risk margin, and the absence of the illiquidity premium when compared to LAGIC.
However, applying the MA significantly reduces the required capital under Solvency II, as assets held
are cash flow matched bonds and cash, with no equities or properties, resulting in lower capital
charges. However, there are substantial opportunity costs in this asset strategy as the insurer will not
attain higher investment returns that may arise from holding growth assets.

In our stress testing process, the GFC conditions scenario assesses the sufficiency of capital
requirements arising from a significant decline in the market value of assets backing the liabilities.
This shows that the capital requirements for the annuity and combined portfolio are insufficient for
the GFC conditions stress test for both Solvency II and LAGIC, but sufficient under a milder financial
crisis. However, there are other impacts of such a scenario which could also be captured with more
research. For example, in a severe financial crisis, the ability of policyholders to continue to pay
insurance premiums on risk policies may be affected, leading to an increase in policy lapse rates.
Additionally, for annuities with surrender values, some annuitants in need of cash may decide to
surrender their policy in the event of immediate financial needs.

Under certain levels of pandemic stress, the capital requirements for the risk portfolio are shown
to be insufficient for both Solvency II and LAGIC. Additional research could consider pandemic
scenarios with greater severity on age groups which form a significant proportion of insured
policyholders.

Although we have demonstrated situations in which capital requirements under the different
capital regimes may be considered insufficient, for various reasons this does not imply insolvency
of the insurer. Insurers hold capital in excess of the capital requirements modelled here, including
additional requirements from regulators such as a regulatory adjustment. Furthermore, overall
regulatory involvement would likely be dynamic rather than static in a crisis, so that, for example,
a regulator would pay close attention to levels of capital to mitigate any activity which could
exacerbate any crisis event, such as the forced selling off of assets. This mitigation and raising capital
as required may be possible in times of crises, although their plausibility under GFC conditions may
be limited.

Additional tools can also reduce the overall risk exposure to such events, such as put options on
equity exposure, and stop loss reinsurance as a form of risk transfer. Various product design features

Comparing Solvency II and LAGIC approaches to capital determination

55

https://doi.org/10.1017/S1748499518000027 Published online by Cambridge University Press

https://doi.org/10.1017/S1748499518000027


also provide a dynamic risk management tool in the event of severe crises, such as the reviewability
of YRT premiums, and the flexibility inherent in variable annuities.

Overall, although our stress testing shows that capital requirements may not be sufficient under
extreme stress scenarios, the purpose of regimes such as Solvency II and LAGIC is not to guarantee
solvency of an insurer under all circumstances. Rather, objectives include ensuring that “under all
reasonable circumstances, financial promises made by institutions are met within a stable, efficient
and competitive financial system” (APRA, 2012). Indeed, the design of Solvency II and LAGIC
capital requirements is to provide capital sufficiency at a level of 99.5% VaR over a 1-year period,
equivalent to withstanding a 1 in 200-year event. Therefore, if a pandemic or financial crisis was
believed to be a 1 in 400-year event, then it is a sensible observation that the capital requirement
designed to withstand a 1 in 200-year event, would prove insufficient of its own accord. Having
higher capital requirements than this determined amount may reduce the probability of insolvency,
but the cost of holding large amounts of capital is ultimately be borne by policyholders and/or
shareholders. Indeed, although capital requirements play a key role in enhancing the solvency of
insurers, it is by no means the only approach. It should be complemented by good risk management
techniques and appropriate disclosure. These aspects form pillars 2 and 3 of both Solvency II and
LAGIC, respectively, and play an equally crucial role in robust insurance regulation.
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Appendix A

Tables A.1–A.7

Table A.1. Male-level term life insurance age and sum insured (SI) distribution.

Age group % Count Average SI <150,000 (%)
150,000–

500,000 (%)
500,000–1
million (%) 1 million+ (%)

20–24 1.5 89 $196,042 54 35 11 0
25–29 4 236 $266,746 41 45 13 1
30–34 7 413 $365,051 26 50 22 3
35–39 12 708 $417,141 15 52 27 6
40–44 16 944 $406,863 20 52 23 5
45–49 19 1,121 $372,703 22 54 22 3
50–54 17 1,003 $326,934 29 53 17 2
55–59 13 767 $283,903 34 51 13 2
60–64 7 413 $243,660 43 45 11 1
65–69 3.5 206 $205,135 52 40 8 0

Table A.2. Female-level term life insurance age and sum insured (SI) distribution.

Age group % Count Average SI <150,000 (%)
150,000–

500,000 (%)
500,000–1
million (%) 1 million+ (%)

20–24 1.5 62 $203,173 58 31 11 0
25–29 4 164 $261,276 48 39 11 2
30–34 9 369 $332,873 27 54 16 3
35–39 14 574 $347,352 26 53 18 3
40–44 19 779 $312,658 29 53 16 2
45–49 20 820 $263,863 40 46 12 2
50–54 16 656 $212,521 50 41 9 0
55–59 10 410 $171,712 61 33 6 0
60–64 4 164 $133,782 74 23 2 0
65–69 2 82 $88,119 85 13 1 0

Table A.3. Male yearly renewable term life insurance age and sum insured (SI) distribution.

Age group % Count Average SI
50,000–

150,000 (%)
150,000–

500,000 (%)
500,000–1
million (%) 1 million+ (%)

20–24 1.5 89 $196,042 54 35 11 0
25–29 4 236 $266,746 41 45 13 1
30–34 7 413 $365,051 26 50 22 3
35–39 12 708 $417,141 15 52 27 6
40–44 16 944 $406,863 20 52 23 5
45–49 19 1,121 $372,703 22 54 22 3
50–54 17 1,003 $326,934 29 53 17 2
55–59 13 767 $283,903 34 51 13 2
60–64 7 413 $243,660 43 45 11 1
65–69 2 118 $205,135 55 37 8 0
70–74 1 59 $134,735 73 22 5 0
75–80 0.5 29 $108,498 72 28 0 0
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Table A.4. Female yearly renewable term life insurance age and sum insured (SI) distribution.

Age group % Count Average SI
50,000–

150,000 (%)
150,000–

500,000 (%)
500,000–1
million (%) 1 million+ (%)

20–24 1.5 62 $203,173 58 31 11 0
25–29 4 164 $261,276 48 39 11 2
30–34 9 369 $332,873 27 54 16 3
35–39 14 574 $347,352 26 53 18 3
40–44 19 779 $312,658 29 53 16 2
45–49 20 820 $263,863 40 46 12 2
50–54 16 656 $212,521 50 41 9 0
55–59 10 410 $171,712 61 33 6 0
60–64 4 164 $133,782 74 23 2 0
65–69 2 82 $88,119 85 13 1 0
70–74 0.4 16 $75,495 94 6 0 0
75–80 0.1 4 $62,294 100 0 0 0

Table A.5. Level term life insurance policy year distribution.

Policy year 1 16.8% Policy year 6 9.1%
Policy year 2 13.1% Policy year 7 8.4%
Policy year 3 11.7% Policy year 8 7.6%
Policy year 4 10.7% Policy year 9 6.9%
Policy year 5 10.0% Policy year 10 5.7%

Table A.6. Expenses for level term and yearly renewable term (YRT) insurance policies.

Expenses type Amount Description

Initial $100 per policy Initial administrative expenses
Initial 0.05% of sum insured, to a maximum of $500 Initial underwriting costs
Renewal $50 per policy (level term)/$60 per policy (YRT) Renewal administrative expenses
Others 3% of annual premium Covers overheads, maintenance
Claims $100 per claim Cover claims management
Inflation 2.5% per annum Expense inflation

Table A.7. Commission rates for level term and yearly renewable term (YRT) insurance policies.

Policy type Commission type Amount

Level term Initial commission 70% of premium (first year)
Level term Renewal commission 5% of premium (subsequent years)
YRT Initial commission 50% of premium (first year)
YRT Renewal commission 15% of premium (subsequent years)

Kangjing Tan and Aaron Bruhn

60

https://doi.org/10.1017/S1748499518000027 Published online by Cambridge University Press

https://doi.org/10.1017/S1748499518000027


Appendix B

Tables A.8–A.11

Table A.8. Male life annuities age and annual payments distribution.

Age
group % Count

Average
payment

<10,000
(%)

10,000–
20,000 (%)

20,000–
30,000 (%)

30,000–
40,000 (%)

40,000–
50,000 (%)

60–64 27 1,269 $29,615 5 15 30 30 20
65–69 25 1,175 $27,275 10 18 28 27 17
70–74 18 846 $24,312 17 21 27 22 13
75–79 13 611 $21,411 24 24 26 17 9
80–84 9 423 $18,545 31 27 25 11 6
85–89 5 235 $15,573 38 30 23 6 3
90–94 2 94 $13,035 45 33 17 4 1
95–99 1 47 $11,559 52 37 9 2 0
100+ 0 0 $0 0 0 0 0 0

Table A.9. Female life annuities age and annual payments distribution.

Age
group % Count

Average
payment

<10,000
(%)

10,000–
20,000 (%)

20,000–
30,000 (%)

30,000–
40,000 (%)

40,000–
50,000 (%)

60–64 25 1,325 $23,187 13 26 31 24 5
65–69 23 1,219 $20,634 21 28 29 19 3
70–74 16 848 $18,253 29 28 26 16 2
75–79 13 689 $15,630 36 30 23 8 2
80–84 10 530 $13,323 45 28 19 7 1
85–89 7 371 $11,438 51 34 12 2 0
90–94 3 159 $9,697 56 37 6 1 0
95–99 2 106 $8,396 67 28 5 0 0
100+ 1 53 $7,078 72 28 0 0 0

Table A.10. Male guaranteed annuities age and annual payments distribution.

Age
group

%
count Count

Average
payment

<10,000
(%)

10,000–
20,000 (%)

20,000–
30,000 (%)

30,000–
40,000 (%)

40,000–
50,000 (%)

50,000+
(%)

60–64 31 1,457 $35,651 4 11 21 25 23 16
65–69 27 1,269 $32,852 6 14 23 25 19 13
70–74 20 940 $29,482 9 19 24 23 17 9
75–79 13 611 $25,899 16 21 25 20 12 6
80–84 7 329 $22,462 23 24 20 21 9 2
85–89 2 94 $18,631 29 28 24 14 4 1
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Appendix C

Figure A.1

Based on “US annuitant experience” for non-refundable annuities, cited in Berry et al.
(2010: 11–12).

Tables A.12 and A.13

Table A.11. Female guaranteed annuities age and annual payments distribution.

Age
group

%
count Count

Average
payment

<10,000
(%)

10,000–
20,000 (%)

20,000–
30,000 (%)

30,000–
40,000 (%)

40,000–
50,000 (%)

50,000+
(%)

60–64 29 1,537 $30,645 6 17 26 25 18 8
65–69 24 1,272 $26,946 10 21 29 24 11 5
70–74 18 954 $24,906 15 21 29 23 10 3
75–79 14 742 $22,270 18 27 27 17 9 1
80–84 10 530 $19,251 28 25 25 15 7 0
85–89 4 212 $16,096 36 26 25 11 2 0
90–94 1 53 $12,112 49 26 17 6 2 0
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Figure A.1. Annuitant mortality as a percentage of population mortality.

Table A.12. Lapse rates for level premium term insurance.

Policy year Lapse rate (%)

1 10
2+ 6

Table A.13. Lapse rates for yearly renewable term insurance.

Policy year Lapse rate (%)

1 18
2+ 6
Policyholders aged >65 years old 20
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Appendix D

Tables A.14–A.17

Table A.14. Summary of Solvency II market risk stresses.

Stress type Description

Interest
rate

Increase/decrease in interest rates, whichever resulting in a worse capital position. Stress amount are
pre-specified, with upward stress to be at least 1%. Applies to both assets (bonds are affected) and
liabilities (discount rates are affected)

Spread Applied on bonds as a percentage of market value. Each maturity duration has a different spread risk
charge. The spread risk charge percentages are pre-specified

Equity A pre-specified 46.5% equity shock applies, in our case to Australian equity holdings
Property A pre-specified 25% shock applies to property holdings

Table A.15. Summary of Solvency II life underwriting risk stresses.

Stress type Description

Mortality A permanent 15% increase in current and future mortality rates. Applies to risk portfolio
Longevity A permanent 20% decrease in current and future mortality rates. Applies to life annuity

portfolio
Lapse A permanent subtractive decrease of 50% or a permanent additive increase of 50% in

lapse rates, whichever resulting in a worse capital position on a per policy basis. Applies to risk
portfolio

Expenses An increase of 10% in all future expenses and an additive increase of 1% p.a. of the expenses
inflation rate. Applies to all

Catastrophe An additive increase of 0.15% to mortality rates for the next 12 months. Applies to risk portfolio

Table A.16. Summary of Life and General Insurance Capital stresses (asset risk charge).

Stress type Description

Real interest
rate

25% increase or 20% decrease in real interest rates, whichever results in a worse
capital position. Applies to both assets (bonds are affected) and liabilities (discount rates are
affected)

Inflation rate 1.25% additive* increase or 1% subtractive decrease in nominal interest rates, whichever
resulting in a worse capital position. Applies to both assets (bonds are affected) and liabilities
(discount rates are affected)

Credit spread Applied to bond holdings. Our A-rated corporate bonds have a stress of 1.2% additive increase
in spreads and 1.2% default rate

Equity 2.5% additive increase to the ASX200 dividend yield. Based on an ASX200 dividend yield of
4.9%, this implies a 34% fall in equity values

Property 2.75% additive increase to property portfolio earnings yield. Based on the current earnings yield
of 7%, this implies a 28% fall in property values

Note:
*An additive increase of 1.25% to existing rate of 3% results in a rate of 4.25%. A percentage increase of 1.25%
to existing rate of 3% results in a rate of 3.04%.
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Appendix E

To illustrate the calculations and workings used when calculating the value of BEL and capital
requirements, we select some individual policies (model points) from our portfolios. Projection
techniques are then applied in order to determine critical components of Solvency II. Calculations for
a 10-year level term life insurance and a life annuity will be showed here.

10-year level premium term insurance

Consider a policy with the following attributes:

Policyholder age 59 Sum insured $232,877
Gender Male Annual premium $2,176
Smoking status Non-smoker Policy year 1

Applicable expenses and lapse rates are found in Appendix A. The following tables show the BEL
calculation and decrement table, respectively, for this policy.

Tables A.18–A.20

BEL calculation

∙ Premiums (boy) are calculated by multiplying the annual premium by the relevant lx.

∙ Claims (eoy) includes claim amount and claim expenses, with both assumed to occur at end of
year. Expected claim amount = sum insured× dx, expected claim expenses =$100×dx.

Table A.17. Summary of LAGIC stresses (insurance risk charge).

Stress type Description

Random mortality A 30% increase in mortality rates for the next 12 months. Applies to risk portfolio. As
advised by industry experts, the larger the insurance portfolio, the smaller the stress
margin. 30% is advised as a reasonable stress margin for a large life insurer

Future mortality A permanent 15% increase in current and future mortality rates. Applies to risk portfolio.
Assume repricing* in year 4 for YRT insurance portfolio. As advised by industry
experts, repricing of level premium term products seldom occurs as it is a harder sell to
policyholders

Longevity A permanent 20% decrease in current and future mortality rates. Applies to life annuity
portfolio

Event An additive increase of 0.05% to mortality rates for the next 2 years. Applies to risk
portfolio

Expenses An increase of 10% in all future expenses. Applies to all
Lapse A subtractive decrease of 50% or an additive increase of 50% in lapse rates over next

12 months, whichever resulting in a worse capital position on a per policy basis. Applies to
risk portfolio

Note 1:
*Life and General Insurance Capital (LAGIC) stresses allow repricing for certain product where premiums are
reviewable. This is useful as it is more reflective of expected response by the life insurer under certain stress
conditions (APRA, 2012).
Note 2: YRT, yearly renewable term.
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∙ Expenses (boy) includes commission, initial or renewal expenses (whichever applies) and other
expenses.

∙ Interest= interest rate (2%)× (premiums (boy)–expenses (boy) + BEL), if BEL>0.

∙ Net Cash Flow=premium–expenses–claims + interest.

∙ BEL (year 1 end)= [BEL (year 2 end)–Net Cash Flow]÷(1 + year 2 Discount Rate).

∙ Policy BEL (year 0)= [BEL (year 1 end)–Net Cash Flow]÷(1 + year 1 Discount Rate).

Capital requirements calculations

∙ In calculating the capital requirements for the various modules in Solvency II and LAGIC,
assumptions leading to the values in the Tables A.18 and A.19 are changed where appropriate to
reflect the relevant stresses of the Solvency II or LAGIC modules.

Table A.18. Best estimate liability (BEL) calculation for a 10-year level term policy.

Discount
rate (%) Year

Policy
year

Premiums
(boy)

Claims
(eoy)

Expenses
(boy) Interest Net cash flow

BEL
(eoy)

0 0 $0 $0 $0 $0 $0 −$3,576.06
2.0 1 1 $2,176.00 $500.43 $1,804.92 $7.42 −$121.93 −$3,768.75
2.1 2 2 $1,953.73 $664.36 $198.13 $35.11 $1,126.35 −$2,720.72
2.1 3 3 $1,830.30 $858.34 $185.13 $32.90 $819.73 −$1,958.57
2.4 4 4 $1,712.46 $878.27 $172.80 $30.79 $692.19 −$1,313.99
2.9 5 5 $1,601.51 $900.26 $161.29 $28.80 $568.77 −$783.13
3.3 6 6 $1,497.01 $928.08 $150.55 $26.93 $445.31 −$363.83
3.7 7 7 $1,398.53 $967.37 $140.50 $25.16 $315.82 −$61.34
3.9 8 8 $1,305.58 $1023.32 $131.08 $25.75 $176.94 $113.20
4.0 9 9 $1,217.69 $1097.87 $122.22 $24.71 $22.30 $140.09
4.1 10 10 $1,134.37 $1186.75 $113.88 $20.41 −$145.85 $0.00

Note: boy, beginning of year; eoy, end of year.

Table A.19. Decrement table.

Policy year Age qx lx dx wx (lapse) lx + l

1 59 0.00358 1.000 0.00215 0.100 0.898
2 60 0.00397 0.898 0.00285 0.054 0.841
3 61 0.00438 0.841 0.00368 0.050 0.787
4 62 0.00479 0.787 0.00377 0.047 0.736
5 63 0.00525 0.736 0.00386 0.044 0.688
6 64 0.00579 0.688 0.00398 0.041 0.643
7 65 0.00646 0.643 0.00415 0.039 0.600
8 66 0.00732 0.600 0.00439 0.036 0.560
9 67 0.00842 0.560 0.00471 0.034 0.521
10 68 0.00977 0.521 0.00509 0.000 0.516

Note: qx are taken from the FSC-KPMG lump sum experience investigation; dx= qx× lx; wx (dependent lapse
rate)= lapse rate from Appendix C× lx.
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Life annuity

Consider a female policyholder aged 104 with an annual life annuity payment of $19,859. We will
look at the LAGIC case where an illiquidity premium of 0.47% for durations ≤10 years and 0.2%
for durations more than 10 years is added to the risk-free discount rate when discounting future cash
flows. Table A.20 shows the BEL calculation for this policy.

BEL calculation

∙ Expected payments are assumed to be at the end of the year and are calculated by multiplying
Annual Payment by xpAge.

∙ Expenses are assumed to occur at the end of the year and are calculated by multiplying annual
expense (taking into account expense inflation) by xpAge.

∙ Interest is calculated by multiplying the interest rate by BEL.

∙ Cash Outflow=Expected Payments +Expenses − Interest.

∙ BEL (year 1 end)= [BEL (year 2 end) +Cash Outflow]÷(1 + year 2 Discount Rate).

∙ Policy BEL (year 0)= [BEL (year 1 end) +Cash Outflow]÷(1 + year 1 Discount Rate).

Capital requirements calculations

∙ In calculating the capital requirements for the various modules in Solvency II and LAGIC,
assumptions leading to the values in the above tables are changed where appropriate to reflect the
relevant stresses of the Solvency II or LAGIC modules.

Table A.20. Best estimate liability (BEL) calculation for a life annuity policy.

LAGIC Solvency II – without matching adjustment

Age
(boy) Year

Discount
rate (%) qage xpage

Expected
payments (eoy)

Expenses
(eoy) Interest

BEL
(eoy)

0 $31,739
104 1 2.45 0.3448 0.6552 $13,011 $39 $1,257 $20,944
105 2 2.55 0.3448 0.4293 $8,525 $26 $819 $13,647
106 3 2.59 0.3448 0.2813 $5,585 $18 $532 $8,865
107 4 2.90 0.3448 0.1843 $3,659 $12 $345 $5,755
108 5 3.36 0.3448 0.1207 $2,398 $8 $224 $3,740
109 6 3.79 0.3448 0.0791 $1,571 $5 $146 $2,434
110 7 4.14 0.3448 0.0518 $1,029 $4 $95 $1,586
111 8 4.38 0.3448 0.0340 $674 $2 $62 $1,033
112 9 4.52 0.3448 0.0222 $442 $2 $40 $672
113 10 4.58 0.3448 0.0146 $289 $1 $26 $436
114 11 4.35 0.3448 0.0096 $190 $1 $17 $280
115 12 4.39 0.3448 0.0063 $124 $0 $11 $178
116 13 4.43 0.3448 0.0041 $81 $0 $7 $110
117 14 4.46 0.3448 0.0027 $53 $0 $4 $65
118 15 4.50 0.3448 0.0018 $35 $0 $2 $35
119 16 4.54 0.3448 0.0012 $23 $0 $1 $14
120 17 4.58 0.3448 0.0008 $15 $0 $0 $0
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