Life Insurance and the Agency Conflict: An Analysis of Prudential
Regulation to Guard Policyholders from Excessive Risk Taking*

Christian Wiehenkamp

House of Finance

Goethe University Frankfurt|

This Version: March 7, 2010

Abstract

The paper builds on the current discussion on reforming insurance regulation in light of the
EU’s move towards the Solvency II regime and studies the agency problem in a life insurance
environment. It compares different regulatory regimes in their effectiveness to control the owner’s
incentive for excessive risk taking, both in an analytically tractable life insurance model as well as
in the realistic market consistent valuation framework. As such it is the first paper to investigate
the Solvency I & II regimes in an analytical framework going back to Brennan and Schwartz (1976,
1979), as well as extend the analysis to the industry standard market-consistent embedded value
(MCEV) methodology to address valuation, solvency, and agency questions in a life insurance
context. The results suggest that, as long as management regards equity capital as expensive, the
Solvency II approach is effective in tackling the asset substitution risk. Furthermore, the value
of future operations already reduces the owner’s incentive for excessive risk taking in absence of
sophisticated regulation. Lastly, low market yields can threaten solvency and the regulator needs

to incentivize protection of the existing asset portfolio to avoid gambling for resurrection.
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1. Introduction

While banking regulation has been a hotly debated topic in the aftermath of the crisis, little concern
has been voiced about (life) insurers in the public. The recession and its low interest rate environment
has also hit the life insurance industry, though, whose business model can typically be characterized
as an asset manager who guarantees a minimum return to policyholders. This optionality of the
provided floors can become costly for the owner of the insurance company at low market yields and
possibly lead to the classical problem of gambling for resurrection. The paper sets out to study
the agency problem in the life insurance environment and compares different regulatory regimes in
their effectiveness to control the owner’s incentive for excessive risk taking, both in an analytically
tractable life insurance model as well as in a realistic market consistent valuation framework.

The long-term nature of the life insurance business makes it easy to conceal difficulties by diluting
current problems at the expense of possibly huge future losses. Furthermore, the insurer’s renumer-
ation scheme of receiving a fraction of returns generated on behalf of the policyholders adds an
incentive to maximize returns. These agency problems are magnified by the absence of sophisticated
claim holders. While banks usually commit to an important part of the monitoring of non-financial
firms, they are absent in the insurance context, and individual policyholders have no incentive to
take over. Consequently, prudential regulation, known from the banking sector has found its way
into the insurance landscape to deal with the underrepresentation of claim holders and control the
risk taking behavior of the firm.

The paper builds on the current discussion on the reform of insurance regulation, and the EU’s
move towards the Solvency II regime. In light of the rationale for prudential insurance regulation, the
results suggest that the Solvency II regime, indeed, incentivizes management to reduce risk as long
as they regard equity capital as expensive. In the realistic, multiperiod market consistent valuation
framework, however, the value of future operations already reduces the owner’s incentive for excessive
risk taking. The currently low yields do threaten solvency, on the other hand, calling for a solvency
regime that rewards protection of the existing asset portfolio against low interest rate environments.
As part of the analysis, it is shown that it can be optimal for the firm owner to contribute additional
capital to restore solvency, even in absence of sophisticated regulation.

The remainder of the paper is organized as follows: The following Section introduces the relevant
literature, before the optionality of life insurance and solvency regimes are formalized in Section 3.
Section 4 extends the analysis to a realistic multiperiod setup and discusses risk management and
solvency implications of different market environments. Systemic life insurance risk is touched upon

in Section 5 before Section 6 concludes.



2. Related Literature

The determination of debt value for firms in general goes back to Merton (1974), and Leland (1994)
in an optimal firm value context which sets the stage for the analysis here. Similarly to Leland and
Toft (1996) bankruptcy is endogenous in the model, but is based on investment returns and solvency
requirements in the insurance setting. With the life insurer essentially being an asset manager who
guarantees a minimum return, it is, furthermore, easier to make an assumption about the firm value
process, as the asset side of the balance sheet primarily consists of financial assets whose behavior is
observable and has been extensively studied in the literature.

The performance based fee structure for managing investments further invokes the issue of asset
substitution as first introduced by Jensen, Meckling, Field, and Park (1976) and investigated in
the context of firm value by Leland (1998). The latter work also introduces the notion of risk
management in order to increase value which is highly relevant for insurers. Lastly, it is again
Leland (2007) who provides a link between value and structured finance which becomes essential
when looking at reinsurance and securitization.

From a technical point of view of how to value insurance liabilities, Brennan and Schwartz (1976,
1979) are the first ones to consider the optionality of minimum guarantees and analyze investment
strategies based on hedging arguments following Merton (1973). Briys and De Varenne (1994, 1997)
further consider the profit sharing component inherent in life insurance policies and take a company
perspective by applying the Merton Model to life insurance. One of their key insights is that eg-
uity holders do not need the insurance company to bet on interest rate risk and that the equity
performance should be immunized against interest rate movements.

Solvency concerns and regulatory action upon breaching solvency rules are introduced by Grosen
and Jorgensen (2002) in a barrier option framework. Although the paper recognizes that regulatory
modeling can effectively limit the value of the limited liability put option, the focus is purely option
pricing driven and without a managerial view of how to deal with breaching the solvency barrier.
The technical analysis of life insurance default risk is extended by Chen and Suchanecki (2007) who
allow for a grace period after default, in line with Chapter 11 bankruptcy law, using Parisian barrier
options.

The afore mentioned papers on pricing the optionality in life insurance share the common feature
of assuming a geometric Brownian motion as determinant of the insurer’s asset value dynamics for
analytical tractability. This constitutes an unrealistic setup for practical purposes, though, and
Wiithrich, Furrer, and Bithlmann (2007) provide a detailed description of how to value and hedge
insurance liabilities when closed form solutions are not generally available.

The hedging behavior of life insurers has also been analyzed empirically by Colquitt and Hoyt
(1997) who find insurance size, leverage, and the degree of asset-liability mismatch to be positively
related to hedging likelihood, lending support to informational asymmetries and the bankruptcy

costs hypothesis.



From a solvency perspective, Plantin and Rochet (2007) elaborate on the economic rationale
for prudential regulation of insurers and argue that the sole purpose of capital regulation should
be seen in light of the representation hypothesis of Dewatripont, Tirole, and Grimes (1994). von
Bomhard and Frey (2006) highlight the need for common economic principles in risk-based capital
management. Recently, Eling, Gatzert, and Schmeiser (2009) propose to replace minimum capital
requirements by restrictions on a company’s asset risk and return profile as part of a standard model
under Solvency II. The rationale for the approach is that the asset structure is much easier to adjust
in the short term than the distribution of liabilities.

All previously cited papers on insurance valuation recognize that insurance payouts in the future
are a function of the insurer’s investment returns and the minimum guarantee and that they are,
hence, not known with certainty. This optionality needs to be recognized for valuation purposes.
Motivated by the no arbitrage argument, the liabilities can be valued by finding a replicating portfolio
of assets whose cash flows match the insurance cash outflows.! With this theoretical backing, it has
become standard to compute the value as the discounted, risk-neutral expectation of future cash

flows using insights from option pricing theory. Exactly this is done in the following two sections.

3. Optionality & Solvency in Analytical Model

3.1.  Valuing the Optionality

For the sake of simplicity, consider the balance sheet of a generic life insurer as depicted in Table 1,
where time 0 assets have been normalized to 100 without loss of generality. The setup parallels the
one of Briys and De Varenne (1994), but differs in the important dimension of profit participation
being based on the entire investment return and not only on the amount exceeding the guarantee.
This is motivated by regulation as will become clear later. Furthermore, no assumption on the asset

pool dynamics is needed in order to illustrate the optionality of life insurance contracts.
Table 1 about here

Consider first the policyholder’s guarantee. This is modeled as a minimum required payout at
maturity L} = adAoe”’ T, for a representing the fraction of assets at time 0 that are attributable
to policyholders. On top of the minimum guaranteed return r*, further optionality stems from the
regulatory requirement of profit participation. Letting § denote the portion of profits allocated to

policyholders?, the call option payoff is given by

Cr = [Sadr — L5]. (1)

!Even in light of the financial crisis, invoking no arbitrage arguments is innocuous, since liability cash flows’ variable -
and therefore difficult to price - component is determined by the investment result of the asset portfolio.
2Policyholders are entitled to at least 90% of investment returns generated by the assets covering the actuarial reserve
(i.e. 6 €[0.9,1]) in Germany (§4 Abs. 3 MindZV).



Adding the two asset pool scenarios where the call option is not in the money, the payoff Ly (Ar) to

policyholders as a function of asset value at maturity can be summarized as follows

Ar if Ap < L?
Ly(Ar) = ¢ L% if L < Ap < %L, (2)
L+ [baAr — 3] if 52 < A

In the first scenario, the policyholder simply receives all assets and the life insurer is bankrupt. The
second scenario is slightly more interesting. It marks the outcomes where the life insurer is able to
pay the minimum return, but the payoff of the call option, given by Equation (1), is non-positive.
Only for asset pool realizations beyond this cut off, the policyholder receives the minimum guarantee

as well as the profit participation component. Equation (2) can be rewritten as
Lr(Ar) = Dadr — L5)* + Ly — [Li — Ag]*. (3)

Given an appropriate assumption for the asset pool dynamics, Appendix A shows that the fair equity
and liability values can be computed in closed form.

In the standard corporate finance setting, equity holders’ residual claim on the firm’s assets
pays off as soon as the asset value exceeds the required payout to debt holders (or policyholders
in the insurance setting). Without profit participation or minimum guarantees, payoff diagrams
would equal the typical concave and convex shapes. It is well known that equity holders embrace
risky projects and have an incentive to gamble for resurrection when firm value deteriorates. In the
insurance context selecting (too) risky projects is even easier and boils down to opting for a certain
asset mix; the incentive to increase return potential (and therefore riskiness) stems from owners being
entitled to (1—0) of the return they generate on behalf of the policyholders. Furthermore, individual
policyholders have no incentive to monitor. This stands in sharp contrast to non-financial firms,
where debt holders and lenders are concentrated with usually significant funds at stake, encouraging

monitoring.
Figure 1 about here

Profit participation and guarantees alter the payoff profiles of equity and policyholders, which
are shown in Figure 1. As can be seen from 1, profit participation and guarantees already somewhat
alter risk preferences. In the region A7 > L7, the equity holder’s payoff function is actually concave,
decreasing the owner’s overall risk appetite. Nonetheless, the overall payoff structure still favors
asset substitution as can be seen from Table 2 which shows that the fair equity value increases as

function of asset risk.

Table 2 about here



The notion of gambling for resurrection is also confirmed when looking at the impact of volatility
on the fair equity value as function the interest rate environment. Figure 2 shows the Vega® at an
initial asset volatility of 2%. The lower the interest rate, the more risk taking is rewarded in terms

of its positive effect on equity value.
Figure 2 about here

The equity value response to changes in risk and the payoff structure in Figure 1 highlight that the
requirement of guarantees and profit participation may reduce the incentive for asset substitution,
but these rules are not sufficient to eliminate the problem. Consequently it requires more regulation in
order to protect policyholders from excessive risk taking of the insurance owners in an environment
where individual insurees have no incentive to monitor the company. With capital requirements
constituting the main building block of prudential regulation, the next section sheds light on different

solvency regimes and the insurance company’s attitude towards risk.

3.2. Solvency

The stylized setup of this section not only illustrates that life insurance contracts can be valued using
insights from option pricing, but the role of the regulator can also be analyzed. In the traditional,
theoretical approach to insurance regulation, the regulator is to ensure that the probability of in-
solvency (i.e. Lp > Ar) is below a given threshold fmax, say 1%. Denoting by ¢(7) the random
function of the asset pool dynamics which determines the change in the liabilities, the insolvency
condition can be written as

Lo(1+g(7)) > Ao(1 +7), (4)

where 7 is the return on the asset portfolio.* Using the accounting identity A = L + E, Equation

(4) can be rewritten in terms of the period’s net earnings as
Aor — Log(7) < —Ey, ()

such that the probability of failure, after defining the random net earning’s variable X = Ag7—Log(7),
is given by
Prob (X < —Ep) = 5. (6)

The larger Ey, the lower (; and the equity level that ensures a survival probability of 1 — Bnax
marks the minimum capital requirement. While postponing a more detailed discussion of current
and proposed EU regulation to a later section, the model, nonetheless, allows to highlight the dis-

tinct features of the Solvency I and II regimes. Before looking at the implications of the different

3Vega summarizes the change in the option value (of the equity holder) as a result of a change in volatility.
“Note that, based on the liability payoff given by (3), the random function g(-) can in principle be obtained as the
combination of the censored distributions determining the embedded option payoffs.



regimes, though, Figure 3 shows the necessary inputs for the computation of the default probabil-
ity in Equation (6). Subplot (a) gives the distributions of the time 7" values of assets and liabilities
which correspond to the market risk components on the left hand side of Equation (5). The empirical
distribution of X is shown in Subplot (b).
Figure 3 about here

Solvency I. Given the size of the insurance reserves Lg, A = ﬂE—LOO > 1 is the solvency ratio
determined by the regulatory constant 9 € (0, 1]. The regulator chooses the latter in the hope of it
implying a sufficient level of capital in order to ensure Prob (X < —Fj) < Bpax. Furthermore, there

is no real consideration of the distributions of different risks® and their joint impact on the insurer’s

performance, as summarized above by the distribution of X.

Solvency II. Even in terms of the simple model presented here, the Solvency II framework ma-
terially changes the picture of assessing the default probability. For determination of the capital
requirement, various risk sources are recognized and modeled. When combining them, the distribu-
tion of X is then obtained based on the normal distribution and prespecified correlation assumptions.%
In terms of A, the required capital is no longer a constant fraction of the liabilities, but a function of
the value-at-risk (VaR), such that A = %, where F(X|Bmax) is the capital requirement given

the joint distribution of risks and the maximally acceptable failure probability Bmax.

Economic Value-at-Risk. Although not currently considered by the regulator, one can also use
the empirical distribution of X, as shown in Subplot (b) of Figure 3, to determine the one period
ahead default probability. This approach neither any longer hinges on the constant correlations
assumption between risks, nor on the normal distribution summarizing the joint behavior of these.
Similarly to the Solvency II regime, required capital is then a function of the VaR which is based
on the empirical distribution (i.e. true distribution) of X in this case. The solvency ratio A is the
ratio of available capital Fy and required capital Fecon(X|Amax) as implied by the maximally allowed

failure probability.
Table 3 about here

The capital requirements implied by the outlined solvency regimes are analyzed in a numerical
application of the section’s model and are shown in Table 3. For different market environments the
table reports minimum capital requirements and the corresponding solvency ratios A for the three

regimes.

®Inclusion of additional risk sources would add further random variables on the left hand side of Equation (5).
6See CEIOPS, Solvency IT Final L2 Advice (available at http://www.ceiops.eu/content/view/706/329/) for details.


http://www.ceiops.eu/content/view/706/329/

Following the definition of A under Solvency I, capital requirements do not reflect the risk position
of the insurer’s asset portfolio. As such the implied probability of default can be significantly under-
estimated compared to the true one (of the economic VaR), given the risk on the asset side. From
the insurance owner’s perspective, Solvency I regulatory capital may result in the authorities taking
over the insurance company upon the latter breaching the prespecified solvency level AL} and the
owner losing up to (A — 1)L, as can be seen in panel (b) of Figure 1. Since A is independent of the
insurer’s asset risk, though, the Solvency I regime is insufficient to overcome the asset substitution
problem.

The Solvency II framework overcomes this problem, and the required capital reflects the insurer’s
risk position. Notably the approach requires more capital in scenarios of little asset pool growth or
larger volatility. Consider the case where the portfolio drift equals the minimum return r* of 2.25%.
The minimum capital requirement of 4.61 exceeds that of Solvency I by more than 20%. Consequently
the implied default probability in the latter regime significantly exceeds the desired 1% level. On the
other hand, the table also shows that, in a less risky asset pool environment, the insurer can reduce
his equity capital share. With management of (especially) financial institutions typically regarding
equity capital as expensive, this result shows that Solvency II incentivizes insurers to avoid excessive
risk taking and/or to reduce their risk positions. Interestingly, the regulatory framework is tailored
to management perception of capital being scarce and, hence, expensive. This promises to make the
Solvency II initiative effective even if, economically, one would envisage regulation that aligns firm
value maximization with policyholder protection. A step into the right direction could be the use
fair equity values (instead of the statutory accounting value) as measure for available capital.

Comparing the economic VaR setup with Solvency II, note that the assumption of X being
normally distributed in the former setup is little troubeling in the simple model of this section;
the Solvency II framework actually produces the more conservative capital requirements. This, in
turn, is not surprising when recalling that the normal distribution theoretically allows for losses of
infinite magnitude, whereas they are practically limited by the difference between asset returns and
minimum guarantees for any given scenario.

Lastly, the scenario-dependent correlation between terminal asset and liability values (Table 3)
highlights the importance of considering market risk of assets and liabilities jointly. Due to the non-
linear dependence of reserves on asset growth, policyholder claims co-move more with asset value,
the less desirable (i.e. low drift or high volatility) the capital market scenario.

With Solvency II incentivizing insurers to also monitor their asset risk positions, the initiative
reduces the risk shifting incentive of the owners by making capital requirements risk profile dependent.
This is already true for the simple model of this section. Insurance companies typically also write
new policies at the end of the period and benefit from future profit sharing of existing contracts,
though. Consequently the continuation value of operations should induce owners to avoid the risk

of bankruptcy in a given period, if the expected future profits exceed the attainable payoff of the



current period. In terms of the Bellman Principle, fair equity value Em,; is given by

o0

Z G (Profitsy,)

k=t+1

FErair = G(Proﬁtst) + F s (7)

which shows that foregoing future profits by means of excessive risk taking in the current period
may not constitute the optimal policy; G(-) assigns the eligible portion of the period’s profits to
equity holders. As such a multiperiod setup already reduces the risk shifting incentive even without

regulation. The next section sets out to study this in a realistic, multiperiod setting.

4. Market-Consistent Embedded Value

The analytical example of the previous section not only is set in a single period model, but unfor-
tunately the payoff to policyholders from investment income is generally based on more complex
sharing rules. Consequently, one cannot hope for a closed form solution for the fair equity and lia-
bility values, in general. Nonetheless, the principal of discounting cash flows and taking risk neutral
expectations remains applicable. Cash flows can either be obtained based on actuarial predictions of
insurance cash outflows or by generating asset return scenarios which are mapped into the insurer’s
balance sheet and subsequently into cash flows based on accounting and regulatory principles. Figure
4 illustrates the idea of the time t balance sheet, together with the capital market scenario between t
and t + 1, determining the profit and loss account (P&L), which is then shared among policyholders

and firm owners based on legally and contractually binding sharing rules.
Figure 4 about here

By simulating the balance sheet forward, one obtains a time series of local GAAP (generally
accepted accounting principles) compliant asset, liability, and equity book values until the end of
the investigated period (typically 30 years). Based on existing insurance policies (i.e. liability
structure) at time ¢ = 0, subsequent cash flows to policyholders are determined by the evolvement
of the actuarial reserve. When returns are simulated using risk-neutral dynamics, in order to allow
discounting at the risk free rate, averaging discounted cash flows over many scenarios gives the fair
value of insurance assets and liabilities. The market-consistent embedded value (MCEV) is then the
net asset value of the market-consistent balance sheet, ignoring the value of new business. Note that
this economic balance sheet is not the same as the one implied by local GAAP, even if the latter
requires measurement of assets at market values. The reason for this is that future insurance premium
receipts of contracts already in place constitute an asset that is not recognized under most prevailing
accounting rules such as US GAAP or IFRS (International Financial Reporting Standards).

The outlined approach for determining the MCEV is rooted in the economic principle of dis-

counting future cash flows and differs significantly from the MCEV definition of the CFO-Forum



(2009) in terms of analysis. The decomposition of the CFO-MCEV, as illustrated in Figure 5, takes
a traditional accounting perspective, adjusting the net asset value for future profits, time value of em-
bedded optionality in insurance liabilities, and capital cost. Theoretically, all these components can
be recovered using the simulated balance sheet approach introduced earlier, but are only presented

here for the sake of completeness.
Figure 5 about here

Although the simulated balance sheet approach for valuing life insurance (contracts) is more
complex than the MCEV definition suggests, it allows for a more in depth and more realistic analysis
of the interplay between asset structure and fair (equity) value as well as the incorporation of solvency
rules to investigate the associated costs of breaching these. Before doing so, the previously mentioned
complex sharing rules as well as Solvency regulation and other details for simulating the balance sheet
need to be elaborated on, though. The German life insurance environment is used as an example of

a major European market where global insurance players, such as Allianz, are headquartered.

4.1. Model Building Blocks"
4.1.1 Determination of Payout to Policyholders

It is the regulator who determines the minimum guarantee level — currently at 2.25% in Germany — as
well as the minimal profit participation. More concretely, policyholders are entitled to at least 90%
of the insurer’s investment income (§4 Abs. 3 MindZV'), where the relevant attributable investment
income equals the income generated by the assets covering the actuarial reserve (§3 MindZV?®). Note
that this sharing agreement implies that the insurer is renumerated like an asset manager with up to
10% of the returns on the assets invested on behalf of the policyholders, given that the hurdle rate
of the minimum guarantee is exceeded.

Similar income participation minimums exist for risk income (i.e. income from mortality events
deviating from actuarial predictions) and other income. In the former case, 75% are credited to
policyholders and 50% of all other income is shared with contract holders. Since investment income
constitutes by far the largest portion on the insurer’s income statement and given that the paper
at hand focuses on the interaction between capital market developments and equity value, risk and

other income are ignored in the following. Figure 6 summarizes the attribution of income.
Figure 6 about here

Figure 6 also shows that the amount attributable to policyholders is further divided into a

profit participation account for policyholders in deferment (Schlussiberschussanteilsfond (S UAF ),

"For the sake of completeness, the following description includes references to German regulation, but no knowledge of
the latter is required for a proper understanding.

8The actual computation of the attributable investment income, as perscribed by §8 MindZV, is slightly more involved,
but the paper abstracts from this complication here.



a provision for premium refund (Rickstellung fiir Beitragsrickerstattung (RfB)), and a remainder
that is added to the actuarial reserve and available for payout in the next period. The remainder
equals the excess of the RfB level over the sum of the last three periods’ contributions, since the
RfB level is effectively limited by the tax code (§21 Abs. 2 KStG).

On top of the income participation, the regulator requires the insurer to share 50% of the valuation
reserve? with policyholders at the end of their deferment period (§153 Abs. 3 VVG). Regulation
does, however, allow to use the RfB for this (§56a Abs. 3 VAG), which reduces the remainder
described in the previous paragraph. Only if the available amount is insufficient will the rest be
charged against the P&L. On the contrary, if the available amount exceeds the required valuation
reserve participation, the surplus is attributed as shown in Figure 7. The periodic surplus attribution
takes, both, the contract’s level of actuarial reserve as well as the difference between its minimum
guaranteed return and the realized investment return into account (§28 VVG). Given a sufficient level
of investment returns, this ensures that different policy holders receive the same return, irrespective

of the individually guaranteed minimum rates.

Figure 7 about here

4.1.2 Lapses

A small percentage of policyholders surrenders its insurance contract typically every period. The
insurer is obliged to return the redemption value (§169 VVG), determined by the accumulated
individual actuarial reserve and the surplus investment income in excess of the cancellation feel”,
to the policy holder. Apart from the fee, the insurance company also profits from cancellations by
retaining the accumulated profit participation during the deferment period.'! Although the penalty
may decrease with progression of the deferment period, the paper abstracts from these dynamics and
assumes a constant average penalty of 2h, which is in line with industry practice. Figure 8 illustrates

the effect of lapses.

Figure 8 about here

4.1.3 Solvency

Solvency I. As already highlighted in Section 3, insurance companies are subject to solvency reg-

ulation that may result in the equity holder being forced to surrender the company to the regulator

9The valuation reserve arises from assets’ market values exceeding their book values.

10 Although the insurer is only allowed to deduct a penalty fee, if such a fee has been agreed upon and has been
quantified (§169 Abs. 5 VVG), insurers do not generally adhere to this according to a verdict of the Hamburg District
Court in November 2009 (Az.: 324 O 1116/07, 1186/07, 1153/07).

1)\ ore concretely, only those amounts that have already been assigned to individual policyholders during the deferment
period need to be paid out (§169 VVQ).
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before his stake is worthless. The implementation of an MCEV model, therefore, requires the imple-
mentation of a solvency regime. In accordance with Section 3 consider first the Solvency I framework,
which is currently still applicable in the EU.

The Solveny I rules have been established by EU Directive 2002/13/EC which has subsequently
been translated into national law. In the UK, for instance, this is accomplished through the FSA’s
General Prudential sourcebook. For Germany, Solvency I capital requirements are determined by
the Solvabilitdsverordnung (SolvV).

The insurer’s available capital, defined as the equity capital according to local GAAP (Handels-
gestzbuch (HGB)) plus the profit participation account during deferment (SUAF) as well as the
non-assigned part of the provision for premium refund (free RfB) (see §53¢ Abs. 3 VAG), has to
exceed the capital requirement given by 4% of the actuarial reserve plus 0.3% of the capital at risk.
Here, capital at risk is defined as the nominal sum of the policyholder payments minus actuarial

reserve. Figure 9 illustrates the solvency check.

Figure 9 about here
Solvency II. coming soon

4.1.4 Scenario Generator and Mortality Tables

Implementation of the previously described regulation is a necessary condition for computing the
MCEV of a generic life insurer and analyzing the value of the limited liability option. It is, however,

not sufficient, and further assumptions are needed, which are described in the following.

Capital Market Scenario Generator. Most importantly, the scenario generator, determining
each period’s P&L, needs to be defined. With insurers being heavily invested in fixed income papers,
the term structure model constitutes the centerpiece of the capital market model. For the sake of

analytical tractability, the one factor Vasicek Model for the short rate process

d?"t =a (77 — ’I”t) dt + O'th (8)

is chosen, where 7 is the average long-run rate and W; is a standard Brownian motion. With the
goal of discounting policyholder cash flows, Equation (8) is formulated in risk-neutral terms, as is
standard in the derivative pricing literature.'?> The model allows for a closed form solution of zero

coupon bond prices B(t,T) at time ¢ with maturity 7" given by

B(t,T) =exp{—A(t,T)ri + D(t,T)}, (9)

12Risk-neutral parameters can be obtained by fitting the interest rate process to prices instead of rates. Table Al
shows the estimates based on term structure information provided by the Bundesbank between 1986 and 2010.
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where

1— e—a(T—t)

ALT) = -
0.2 0.2 2
D(t,T) = (7‘ - 2a> [A(t, T) — (T — )] — *ﬁ’T).

The discount factors implied by the zero coupon bonds, then, allow the computation of coupon
bond prices of any maturity. Naturally, these trade at par at issuance, but change their values in
subsequent periods affecting the valuation reserve as well as the cash flows from divestment activities
of the insurer. For the MCEV analysis, the insurance company is assumed to invest premium receipts
into the period’s new bond issues of 1, 5, 7, 10, 20, and 30 years maturity given a constant investment
rule.
Furthermore, an equity index is available for investment whose risk-neutral dynamics are given
by
dSy = r¢Sidt + 05S5:d By, (10)

where B; is another standard Brownian motion. By using the modeled short rate in Equation
(10), the state of the economy, as measured by the interest rate level, carries over to stock market

performance.

Mortality Tables. While it would be possible to model a large number of individual contracts,
each based on a Poisson process with intensity corresponding to the policyholder’s characteristics,
it is convenient to aggregate contracts with similar attributes. This, in turn, means that one can
estimate cash flows based on the expectation of the percentage of people in a given cohort being alive.
Since this expectation refers to the entire population, it is independent of a particular insurer, and
the standard mortality tables of the Association of German Actuaries (Deutsche Aktuarvereinigung
(DAV)) can be used. Here, the DAV 2004 R table (see Wolff (2005) for details) is used, adjusted for
2009 as base year. The table contains the mortality as function of the year of birth together with
the expected changes in mortality over subsequent years. Thus, the probability TPX;_; ;1 ; of being
alive in year t + j for someone borne in year ¢t — i, for 7,7 > 0, can be computed as
J
TPX ity = H (1 — DAV~ t41), (11)

k=1

where DAV,_; ;4 is the probability of dying in year ¢ 4 k£ of someone borne in year ¢ — i.

4.2.  Model Output under the Solvency I Regime

Having outlined the complex and rather technical profit sharing rules that determine the policyhold-

ers’ payouts as function of the capital market scenario, the MCEV model now allows to address the
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questions of agency cost and whether the continuation value of operations in a multiperiod setup
incentivizes the owner to avoid insolvency already under the simple Solvency I regime. Before doing
S0, it is useful to get acquainted with the model output and cash flow profiles for two representative
policies, though. The first one is characterized by periodic contributions and a lump sum payout to
the policyholder at the end of the deferment period. The second type pays out as an annuity until
every policyholder is dead in expectation. Figure 10 shows the payouts and the key accounts of the

actuarial reserve, and the profit participation for the two profiles.
Figure 10 about here

As already highlighted above, the MCEV is the net asset value of the economic balance sheet
which is obtained by discounting asset and liability cash flows. Despite all contract specifications —
apart from payout profiles — and capital market realizations being equal, the difference in embedded
values, with a higher value in the lump sum payout case, is hardly surprising; while in the annuity
case, the insurer has to share the investment income until the last policyholder has passed away, the
investment returns are completely credited to the equity holder once the lump sum payment is made.

Having established some basic properties of model outputs, one may turn to the analysis of the
insurer’s value. To analyze whether the equity holder always maximizes his payoff by exercising
his limited liability option, all subsequent results are reported for the case where the equity holder
restores solvency by contributing additional capital as well as for the standard corporate finance case
of surrendering the company upon breaching solvency rules. In terms of Figure 1 (Subplot (b)), the
residual claimants either contribute AL}, — A7 to obtain the right to continue operations, or decide

to receive (A — 1)L%. and close down the company.

4.2.1 Asset Allocation

For the purpose of the analysis an insurer with initial balance sheet size 100 is considered. While one
may typically think of insurance companies taking risks on the liability side by writing policies, they
are actually also subject to material (investment) risk on the asset side. One of these risk positions,
over which management exerts discretion, is the share of assets invested into risky equity securities.
Figure 11 shows the impact of varying the asset mix on the MCEV for insurers with low and high

initial solvency ratios.!?

Figure 11 about here

In both cases, the firm owners benefit from moving into equities compared to a pure fixed income
asset portfolio. Beyond about 10% of assets under managment allocated to equities, though, the

increased volatility of the asset portfolio makes the policyholders’ guarantee ever more valuable, and

13The solvency ratio is determined by available and required solvency capital. In 2009, the ratios of selected, large
insurance companies ranged from 1.6 (Allianz) to 2.5 (Generali); these extremes also serve as benchmark for the initial
solvency ratios underlying Figure 11.
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the cost of foregoing the continuation value of operations outweighs the benefit from short term risk
shifting. Also note that a well capitalized firm exhibits a slightly stronger response to an initial
increase of equity securities than a less well capitalized one. When it comes to differences between
limited and unlimited liability of the equityholder!* real differences only emerge for prohibitively
large shares of assets invested into equities. This coincides with the point where the owner’s call
option value begins to be dominated by the effect of increased volatility. Interestingly, restoring
solvency in these cases increases the payoff to the owners by maintaining the right to participate in
future returns. This suggests that even in the region where the standard positive effect of volatility
on equity value dominates, the latter can be enhanced by restoring solvency.

Not only do these results indicate that in an insurance context, exercising the limited liability
option is not always optimal, but the analysis also highlights the usefulness of the MCEV model
in terms of assessing agency problems between policyholders and firm owners. Seen in light of
the performance based fee structure,'® the previously discussed concave payoff profile (see Figure 1
Subplot (b)) induces the firm to cautiosly manage assets and to not engage in asset substitution,

even in absence of a sophisticated solvency regime.

4.2.2 Interest Rate Environment

While equity exposure clearly is a non-negligible risk, it is generally not the most important one faced
by a (German) life insurer. Based on CEIOPS (Committee of European Insurance and Occupational
Pensions Supervisors) and BaFin (Federal Financial Supervisory Authority) publications, Figure 12

shows that interest rates constitute the most important risk for a life insurer.
Figure 12 about here

Figure 12, therefore, implies that rates risk which can again be analyzed using the MCEV model
should be of particular concern when investigating the agency conflict between owners and poli-
cyholders. The impact of different interest rate environments on the insurer’s value is depicted in
Figure 13. Given the existence of guarantees, it is little surprising that the interest rate level mate-
rially affects the response of the MCEV to different rate scenarios. Given a calibration of the term
structure to historical bond prices (Table Al) — implying a rather high mean interest rate — the
effect of increasing the initial interest rate ry when simulating Equation (8) has a predictable, nearly
linear impact on firm value with no differences between the limited and unlimited liability cases
(Subplot (a)). This, however, completely changes when looking at the effect of the economy’s mean
interest rate level. Subplot (b) shows that insurers which operate in an interest rate environment

below the guarantee level are significantly at risk of going bankrupt. Given the currently low rates

1 Unlimited liability here, and in the following, is understood as owners always contributing the capital required to
restore solvency.

15Recall that the insurance company is essentially remunerated like an asset manager receiving 10% of the returns,
given the hurdle rate of the guarantee is exceeded.
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regime, regulators are therefore rightfully concerned. The interesting and new implication of the
picture is, however, that firm owners have an incentive to restore solvency for interest rate levels
considerably below the guarantee rate. This increases the value of the firm compared to the residual
value in case of bankruptcy and shows that exercising the limited liability option is not always the
best strategy, which, in turn, is good news for policyholders. Only for mean rates close to zero is
the owner better off liquidating the insurer. Figure 13 also shows how rates volatility affects the
MCEV in high (Subplot (c)) and low (Subplot (d)) interest rate environments. When the owners
do not have to worry about the rates level, the classical situation of volatility benefiting the residual
claimants dominates guarantee and profit participation effects. These scenarios are of little concern
to policyholders, though, because the danger of bankruptcy in a high interest rate regime is somewhat
limited. Subplot (d), on the contrary, again shows the possibly devastating effect of a low interest
rate regime. If exercising the limited liability option, the MCEV hardly exceeds the liquidation value
and also higher volatilities can only marginally increase the number of non-bankruptcy scenarios.
With volatility increasing the chance of the residual claim being in the money, it generally pays off
to restore solvency and retain the right to continue operations. Only for scenarios where volatility
is so low that there is virtually no chance of the call option of the owner ending in the money is it

advisable to liquidate the company.
Figure 13 about here

The effect of the rates level on the MCEV documented here is equivalent to the one shown in the
insurers’ MCEV reports; a lower rates level significantly reduces the fair equity value. On the other
hand, the impact of volatility on value is not as clear cut as the reports suggest. Whereas the effect
of increasing riskiness by investing more into equities exhibits the same diminishing effect on value
as suggested by the reports, interest rate volatility actually increases the MCEV, just as standard
option theory suggests. This effect has already been identified in the analytical model of the previous
section, where volatility increases have been shown to positively impact the MCEV (recall Table 2).

While the MCEV analysis proves to be very useful for solvency and bankruptcy related capital
decisions and shows that the continuation value plays an important part in reducing the incentive
misalignment between owners and policyholders, the sensitivity to the interest rate regime further
highlights the necessity to guard the asset portfolio from the impact of certain rate scenarios and
thereby avoid running into the solvency problem in the first place. Therefore, the next Subsection

discusses the issue of hedging in an insurance case.

4.2.3 Hedging Instruments

For the purpose of hedging interest rate exposures two widely used instruments in life insurance are

considered. The two discussed products are floored floaters and swaptions.
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Floored Floater. A floored floater protects the investor from low interest rates while allowing full
participation in rising rates. As such the investment vehicle reflects the liability structure of a life
insurer who is subject to minimum guarantees and profit participation. Furthermore, the product
offers positive convexity which makes the market value of the asset portfolio less vulnerable to rising
rates and can help immunize firm equity performance to interest rate movements.

More formally, the buyer of the instrument obtains the right to exchange the floating rate against

the specified floor for every period until maturity, such that the payoff is given by
Cash Flow = Notional - max (Floor — Rate, 0) . (12)

The portfolio to be valued consists of a floating rate bond and call options on zero coupon bonds
with face value Floor - Notional which can be priced in closed form given the chosen interest rate

model.

Swaptions. A swaption allows the investor to enter an interest rate swap at a specified date. The
receiver swaption gives the right to buy the fixed rate bond and deliver the floater, and it protects
the investor from falling rates. For valuation purposes, this is the right to buy a portfolio of zero
coupon bonds that mimics a fixed rate bond. On the contrary, the payer swaption gives the right
to deliver the fixed rate and receive the floating rate, protecting the investor in high interest rate

scenarios and, thus, being less attractive in the insurance context.

5. Systemic Risk

Since life insurers in a given country usually have a very similar risk profile — Figure 12 shows the
risk decomposition of a typical German life insurer — the outlined analysis is not only interesting
from a firm value perspective, but may also help to shed some light on systemic risk within the
(life) insurance sector. Market risk can be identified as one of the main risk sources, and it is,
therefore, not surprising that Japan’s low interest rate environment led to the failure of seven life
insurers around the turn of the millennium due to the insurers not being able to earn the minimum
guarantee return (Fukao, 2003). In light of the crisis regulators should be alarmed by a tightening
band between risk free returns and promised guarantee levels. As such, the German regulator BaF'in
has warned against low interest rate pressures at life insurers in early 2010.' While the tightening
between guarantee levels and the risk free rate is a sure reason for concern — especially since average
guarantee levels for an insurer are typically higher than the current minimum (3.38% for Allianz
in 2008, for instance) — insurers are reluctant to decrease the return credited to policyholders due
to competitive pressures. Since this may mean that policholder returns exceed the return on the

reference asset portfolio, management action can actually add to the solvency risk of the industry.

16 Handelsblatt, “Zinswarnung fiir Lebensversicherungen (Interest Rate Warning for Life Insurers).” January 18, 2010.
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At the same time the near invariance of the credited returns (Figure 14 shows the distributions for
the years 2008-2010) leaves scope for lowering returns in case of solvency risk of a particular company

before the regulator needs to take more serious measures.
Figure 14 about here

Although market risk has been identified as the most important source of risk, the risk decompo-
sition in Figure 12 shows that also lapse risk matters. Since insurance contracts have typically been
an extremely illiquid investment, one may think that the insurer can take a long term perspective to
its asset-liability management. In practice, though, an annual lapse rate of only 2% already implies
that more than half the contracts are cancelled before the end of the deferment period, despite the,
at times, hefty penalties charged. Given the positive impact on profits (compare Figure 8) this is ac-
tually welcomed by insurers, and the recent trend of life policy securitization'” may dampen profits,
possibly introducing a new systemic risk component to the industry in the short run before pricing
can be adjusted to the new lapse environment.'®

Lastly, also the failure of one of the few reinsurers can increase systemic risk. Furthermore,
the industry is subject to longevity risk due to actual mortality rates being overestimated by the
standard tables.

With systemic risk being non-diversifiable, the regulator has a clear mandate to ensure a func-
tioning life insurance industry. This is especially important in modern societies where governments
emphasize the need to plan more and more for old age privately. Otherwise, solvency risk may
cause guarantees to be worthless when they are most needed (i.e. in a sustained economic down-
turn). In such a case, also the existence of a back up fund!'® may only partially cushion the losses to

policyholders.

6. Concluding Remarks

The paper investigates the agency conflict between policyholders and firm owners under different
solvency regimes. As part of the analysis, the paper develops a realistic valuation model recognizing
the embedded optionality in life insurance based on the market-consistent embedded value method-
ology which allows to address the corporate finance optimal firm value question. Given guarantees
and complex sharing rules based on regulation and local GAAP, the approach discounts cash flows
to obtain the market value of assets and liabilities, and subsequently firm value as net-asset value.
From here the impact of asset allocation, market environments, hedging activity, and pricing on

equity performance can be analyzed. As such, the MCEV is not only shown to be a useful figure

Y New York Times, “Wall Street Pursues Profit in Bundles of Life Insurance.” September 6, 2009.

18Securitization here means that funds purchase life policies from policyholders who would like to liquidate their
contracts. After the transfer, the fund services the policies and receives the death benefit once the original holder dies.
19 Sicherungsfonds as required by §124 VAG in Germany
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for risk assessment, but also management decisions can be evaluated based on their impact on firm
value.

The results show that the Solvency II regime, indeed, incentivizes management to reduce risk
as long as they regard equity capital as expensive. In the realistic, multiperiod market consistent
valuation framework, however, the value of future operations already reduces the owner’s incentive
for excessive risk taking. The currently low yields do threaten solvency, on the other hand, calling
for a solvency regime that rewards protection of the existing asset portfolio against low interest rate
environments. The MCEV model further suggests an optimal asset allocation of about 10% equity

investments.
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Appendix A. Solving the Simple Model for Profit Participation

and Guarantees

For the sake of analytical tractability, assume the asset dynamics to be of the form
dAt == ,LLAtdt + O'Atth, (A].)

where W; is a standard Brownian motion. In that case it is straightforward to show that the liability

payoff in Equation (3) admits the following solution
Ly = A [0a®(d1) + ®(—ds)] + Liye "7 [@(dy) — ®(do)], (A.2)

where 7 is the constant risk free rate, ®(-) is the cumulative normal distribution, and

ln‘sg—?f—l—(r—k%zﬁ) (T —1)

ho= VT 1
d2 = dl—U\/m
In fi + (r+30?) (T —t)
b = T 1
di = dz—oVT —t.
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Payoff
Payoff

L Y A L Ak %, A

(a) Policyholder payoff (b) Equity holder payoff
Figure 1: Life insurance company payouts at maturity. Panel (a) shows the payoff to policyholders
resulting from the minimum guarantee L. and profit sharing for Ay > g—g. Panel (b) depicts
the terminal payoff to equity holders as residual claimants. The constant A > 1 determines the

buffer (gray area) that the regulator requires to be satisfied. § denotes the portion of profits

allocated to policyholders, and « is the share of the time zero asset value to cover the actuarial
reserve.
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Figure 2: Change in fair equity value as a function of volatility changes for different values of the risk
free rate. Varying the risk free rate, the graph shows the change in the economic equity value,
based on the closed form solution for the liabilities of Appendix A, when changing the volatility
of the asset portfolio from 0.0195 to 0.0205. For illustrative purposes, Vega is multiplied by
100. p = 2.25%, the initial balance sheet size Ay equals 100, and o = 95%; r* = 2.25%,
0 = 90%.
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Figure 3: Terminal distributions determining the probability of default. Subplot (a) shows the terminal
distributions of the asset pool and liability payoff at the one year horizon based on assets
following a geometric Brownian motion with drift p = 2.25% and o = 2%; the liability payoff
is given by Lp(Ar) = [daAr — LT 4+ Li — [L4 — Ar]". Subplot (b) gives the empirical
distribution of X = Ao7 — Log(7) determining the economic ruin probability Prob(X < —F).
The initial balance sheet size Ag equals 100, and o = 95%; r* = 2.25%, § = 90%.
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Figure 4: Mapping of capital market scenario into balance sheet. Figure shows time ¢ and ¢ + 1 balance
sheets of a generic life insurer. Time ¢ assets are invested in the capital market which generates
returns that the accounting principle maps into the profit and loss account (P&L) and into
the ¢+ 1 balance sheet. The accounting value of the liabilities at maturity determines the cash

flows to policyholders.
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Figure 5: Definition of the Market-Consistent Embedded Value according to the CFO-Forum (2009).
The Figure shows the decomposition of the MCEYV into capital cost, time value of options and
guarantees, deterministic present value of future profits of the business in force, and assets
over and above those matching the insurance liabilities.
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Figure 6: Life insurance income sharing between policyholders and firm owners in Germany. The Fig-
ure shows how income is attributed to equity- and policyholders. During the deferment
period, the latter are credited a contractually specified amount that is accumulated in the
Schlusstiiberschussanteilsfond (S UAF ). The remainder is maintained in the provision for pre-

mium refund (Rickstellung fiir Beitragsrickerstattung (RfB)).
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Figure 7: Surplus attribution and valuation reserve. The Figure shows the allocation of available surplus
to policyholders at the end of their deferment period and all other policyholders based on a
weighting that takes, both, the level of the individual’s actuarial reserve as well as the minimum
guaranteed return into account.
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Figure 8: Effect of lapses on policyholder cash flows and profits. Lapses reduce the account for contrac-
tually specified profit participation during the deferment period (Schlussiberschussanteilsfond
(S UAF ')). Only the already assigned portion constitutes part of the redemption value. The
remainder credited to the insurer. Also the actuarial reserve corresponding to the canceled
contract only goes back to the policyholder after the insurer has subtracted a cancellation fee.
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Figure 9: Solvency check under Solvency I regime. The left side of the Figure illustrates the decompo-
sition of the required capital into portions of the actuarial reserve and capital at risk which
is defined as the nominal sum of the policyholder payments minus actuarial reserve. On the
right, the available capital is given as the sum of equity capital according to local GAAP,
the profit participation account during deferment (.S UAF ), and the non-assigned part of the

™

provision for premium refund (free RfB).
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Figure 10: Selected balance sheet items and policyholder cash flows for the two representative payout
profiles of lump sum payment (Subplot (a)) and annuity payout (Subplot (b)).
contract types the policy is entered into at the age of 40 with periodical payment of 100
during each period until retirement at 65. The minimum guarantee rate is set equal to
2.25%. The insurer is assumed to invest all available cash into the period’s newly issued 10
year government bond and, when in need of cash, divest the bonds closest to (and still above)
par in order to minimize the balance sheet impact. The number of Monte Carlo loops equals

Time in years

1,000.

(b) Annuity Payout
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Figure 11: MCEV as function of risky equity investments. The Figure shows the MCEV for different
amounts invested into equity. Subplot (a) is based on an initial solvency ratio of 1.6. Subplot
(b) uses an initial solvency ratio of 2.5. The blue, solid line shows the insurer’s value when
the firm is liquidated upon breaching the solvency requirement (see Figure 9). The MCEV
development when the owner contributes additional capital in case of deteriorating solvency
is given by the red, dashed line. All scenarios are based on an initial balance sheet size of
100.
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Figure 12: Risk sources of a generic German life insurer based on CEIOPS (2008) and BaFin (2008)
publications
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Figure 13: MCEV as function of the interest rate environment. Subplot (a) shows the impact of an
initially low interest r;. Subplot (b) relates the MCEV to the average interest rate level, 7.
Subplot (c) highlights the impact of interest rate volatility on the MCEV when the average
interest rate of the economy is high (7 = 6.8%). Subplot (d) shows the same sensitivity
with respect to volatility for a low interest rate regime (7 = 2%). The blue, solid line shows
the insurer’s value when the firm is liquidated upon breaching the solvency requirement (see
Figure 9). The MCEV development when the owner contributes additional capital in case of
deteriorating solvency is given by the red, dashed line. All scenarios are based on an initial
solvency ratio of 1.6 and a balance sheet size of 100, as well as an equity investment share of

5%.

34



140

2008

— — — 2009

120

100

80

60

40

20

0
0.025 0.03 0.035 0.04 0.045 0.05 0.055 0.06
Policyholder Return

Figure 14: Distributions of returns credited to policyholders in Germany in the years 2008 till 2010.
The Figure shows density plots of the policyholders’ actual returns (ﬁbemchussbeteiligung)
for the years 2008, 2009, and 2010 based on the 77 biggest life insurers operating in Ger-
many. The mean returns for the three years were 4.20%, 4.29%, and 4.38%, respectively with
corresponding standard deviations of 0.3%, 0.3%, and 0.35%. (Source: Assekurata (2010))
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Table 1: Balance sheet of a generic life insurer

Assets Liabilities & Equity
Assets Ay Liabilities Lo = aAy
Equity Ey=(1-a)Ao
Total Ag Total Ap

Notes: Time 0 balance sheet of a generic life insurer where assets are normalized to 100. (1 — «) denotes
the portion of assets financed by equity and aAp represents the actuarial reserve for policyholder

claims as of t = 0.

Table 2: Impact of Asset Pool Volatility on

Fair Equity Value

Fair Equity

o Value at t =0

0.00% 5

1.00% 5.000

2.00% 5.003

3.00% 5.052

4.00% 5.180

5.00% 5.358

Notes: The table shows the time 0 fair equity value

for different volatility levels. The numbers
are based on the closed form solution for
reserves of Appendix A. u = 2.25%, the
initial balance sheet size Ao equals 100, and
a = 95%; r* = 2.25%, § = 90%. The risk
free rate for pricing purposes is set to 2.25%.
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Table 3: Solvency Regimes and Regulatory Capital in Analytical Model

Solvency 1 Solvency 11 Economic VaR
12 g EMCR A EMCR A EMCR A COI“I"(AT7 LT>
1.00% 2.00% 3.80 131.58% 593  84.35% 5.00 100.00% 35.07%
2.25% 2.00% 3.80 131.58% 4.61 108.39% 4.58 109.21% 16.65%
5.00%  2.00% 3.80 131.58% 1.94 258.14% 1.86 268.80% 2.711%
2.25% 0.00% 3.80 131.58% 0.00 NaN 0.00 NaN -100.00%
2.25% 1.00% 3.80 131.58% 2.27  219.84% 2.26  221.04% 0.00%
2.25%  2.00% 3.80 131.58% 4.61 108.39% 4.58 109.21% 16.65%
2.25%  3.00% 3.80 131.58% 6.70  74.59% 5.00 100.00% 37.94%

Notes: The table shows the required capital (Emcr) and solvency ratios A implied by the
Solvency I and II regimes, as well as the ones implied by the true economic value at risk.
Required capital under Solvency I is computed as 4% of the liabilities at ¢t = 0. The
required capital under Solvency II is computed as the capital that ensures

Prob(X < —Fwmgrc) = 1%, where X ~ N(ux,ox). The economic value-at-risk (VaR)
relaxes the assumption of X following a normal distribution and gives Encr based on the
empirical distribution of X. The initial balance sheet size Ag equals 100, and o = 95%;
r* = 2.25%, § = 90%. The asset pool is assumed to evolve according to a geometric
Brownian motion with instantaneous drift ;1 and diffusion coefficient o.
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Table Al: Vasicek Parameter Estimates

a r g

0.1495 0.0686 0.0081

Notes: Calibrated parameters of the Vasicek model. The estimates are based
on monthly bond prices implied by the term structure published by the
Bundesbank for one through 15 years maturity between 1986 and 2010.
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