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Due to the global financial crisisin 2008 that resulted in systematic
risksin the equity, asset and credit market, it creates significant
deprecation in the life insurer’ s balance sheet. In order to retain
prudent supervision and market stability, the authority has
announced capital temporal relief plan. Hence maintaining solvency
standard becomes critical issue in order to avoid moral hazard for
the market players and the potential new entrants, enforcing them to
be competent based on a prudent regulation framework.

Adding to Grosen and J&amp ; oslash ; gensen (2002) and Chen
and Suchanecki (2007), we explicitly calculate the guarantee
benefits based on the regulatory forbearance through Parisian
option. Intervention criterions are compared through measuring the
impact on the guarantees benefits. We find that (1) the relevant
intervention criterion is more sensitive to the financial leverage than
the other ; (2) increasing the leverage ratio of the insurer resultsin
increasing guarantee benefit per asset ; (3) extending the relief plan
and reduced the intervention standard resultsin decreasing
guarantee benefit per asset. These impacts reduce if the forbearance
duration or the minimal intervention standards reaches certain
levels.
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Abstract

In This study investigates the bankruptcy cost
when a financially troubled life insurer is taken
over by a regulatory authority. First, the
framework proposed in Grosen and Jdgensen
(2002) and Chen and Suchanecki (2007) is
adopted to measure the impact of government
intervention on the minimal guarantee values
of policyholders. Then the cost of covering
claim obligations to policyholders in the event
of insurer insolvency from the insurance
guaranty fund is investigated. The embedded
Parisian option due to regulatory forbearance
on fair premiums under the ex-ante prefunding

scheme is fully explored.

Results show that the leverage ratio, asset
volatility, and intervention criterion influence
default cost. Asset volatility has a significant
effect on the default option, while leverage
ratio and intervention criterion have shown
relatively minor influence. Analysis indicates
that the fair premium for the insurance
guaranty fund is risk sensitive and hence a
risk-based premium scheme should be
implemented to ease the moral hazard.

Keywords: financially troubled, minimal
Parisian

guarantee; risk premium;

option

-~ FEgd

A financial crisis resulting in the massive fall of
security prices might cause financial
institutions to face severe difficulties in asset-
liability management. As the major investors in
the financial markets, life insurers were of
course negatively affected by the crisis as the
values of a broad range of assets in their
investment portfolios tumbled. While most
insurers are quite resistant against the crisis,
not all insurance market participants followed
a prudent strategy (Eling and Schmeiser, 2010).
When the financial distress problem occurred
in life insurance companies, the claims of
policyholders were influenced. To ease the
financial distress of those institutions during
the crisis and their capital restructuring
schemes, a regulatory authority might consider
adopting temporary capital relief plans, i.e.,
reducing the standard of  solvency
requirements or providing temporary capital
injection.

On the other hand, in order to protect the
rights of policyholders, the regulatory authority
could adopt certain regulatory schemes to deal
with the financial problems of insolvent
insurers. There is either ex ante or ex post
assessment schemes utilized when covering the
claim obligations of insolvent insurers.
According to work in Ligon and Thistle (2007),

they observed that the ex ante scheme gives
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shareholders less incentive for risk-taking
behavior than the actual ex post assessment
scheme observed most frequently in practice.
Since guaranty funds create a put-option-like
subsidy to shareholders (Cummins, 1988; Lee
et al., 1997), a fair premium in a competitive
market is an important prerequisite for a
guaranty fund (see Eling and Schmeiser, 2010).

Most countries have ex ante assessment
schemes to protect the obligations of debt

holders of financial institutions, such as the

Taiwan insurance guaranty fund (TIGF) system.

The mission of the TIGF is to protect the
interests of the insured and their beneficiaries,
as well as maintain financial stability.
Moreover, TIGF provides last-resort protection
to policyholders when insurers become
insolvent and are not able to fulfill their
commitments. Since TIGF protects the
beneficiaries of the policyholders, the fund has
to cover a guaranteed ratio of the total amount
owed to the beneficiary in the event that the
company fails. In other words, we could regard
TIGF as a reinsurer; therefore, how to price the
fair premium becomes crucial. In the current
setting, the premiums are 0.1 % and 0.2% of
the total yearly premium income for life and
nonlife insurance companies respectively.
However, because firm size and leverage ratio
are important determinants in evaluating the
financial strength of the insurer; we are
interested in investigating how regulatory
intervention, leverage ratio, grace period,
monitoring ratio, and the volatility of assets
affect the fair premium.

Furthermore, in order to ease the influence
of a financial crisis, the government attempts
to reduce financial regulatory standards or so
called regulatory forbearance. Regulatory

forbearance means that regulators extend the

grace period of capital injection plans or
increase the risk tolerance to insurance
companies facing financial difficulties. While a
run on an unhealthy insurance company is not
necessarily a bad thing - it can discipline the
performance of managers and owners — there
is a risk that runs on bad companies can
become contagious and spread to good or well-
run companies. (Saunders and Cornett, 2006)
Regulatory forbearance employed by the
government often induces moral hazard and
causes the life insurance industry to face
possible contagion risks (related studies see
Lee, Mayers and Smith, 1997; Lee and Smith,
1999; Angbazo and Narayanan, 1996; Miller
and Polonchek, 1999; Bernier and Mahfoudhi,
2010). To maintain its routine operations when
facing financial difficulties, troubled insurers
often offer insurance policies with higher
guaranteed rates in the market. However,
though this risk-taking strategy allows insurers
to survive, it significantly worsens their balance
sheets and brings out an adverse selection
problem. Therefore, the fair premium is
affected by the regulatory forbearance
mechanism.

. PEB e

In this paper, we emphasize the influence of
the fair premium of the TIGF under regulatory
forbearance. Before we estimate the fair
premium of TIGF, we have to measure the
value of life insurance for policyholders when
liquidation happens, which is a kind of default
problem. The financial literature on the
bankruptcy problem has recently extended to
insurance issues (see Briys and de Varenne
(1994, 1997), Grosen and Jggensen (2002),
Bernard et al. (2005a, 2006)). Beginning in
1990, studies indicate that bankruptcy and

liquidation may not coincide. A debt holder is
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likely to attempt to renegotiate the terms of
notable outstanding debts with a debtor. In
literature related to insurance, Chen and
Suchanecki (2007) generalized the work in
Grosen and Jggensen (2002) to allow for
Chapter 11 bankruptcy. Their approach adopts
a Parisian barrier option feature instead of the
standard knock-out barrier option. They found
that the option values increased as the grace
period lengthened. Our study further extends
their works through developing a quantitative
measure under regulatory forbearance defined
as the residual value (RV) of the policyholder
upon liquidation.

RV with embedded Parisian options in our
problem can be determined through several
numerical methods. (see Andersen and
Brotherton-Ratcliffe (1996); Chesney et al.
(1997); Avellaneda and Wu (1999); Haber et al.
(1999); Stokes and Zhu (1999); Costabile
(2002); Bernard et al. (2005b)). In order to
gain numerical accuracy and computational
efficiency, the Laplace transformation method
and the numerical approximation proposed in
Labart and Lelong (2009) is employed.

This paper contributes to the literature in
several ways. First, we study the bankruptcy
cost of a financially troubled life insurer
incorporating the regulatory forbearance
mechanism. Then the principle of equal
treatments in financial supervision is defined
and the intervention criterions are compared
through measuring their impact on the residual
value of the policyholders. Second, and most
importantly, the cost of covering claim
obligations to policyholders in the event of
insurer insolvency from the insurance guaranty
fund is investigated. The embedded Parisian
option due to regulatory forbearance is fully

explored. Finally, we show that increasing the

leverage ratio raises the liability of the insurer
and the guaranteed benefit. When the grace
period lengthens or the monitoring ratio
decreases, the RV decreases. Nevertheless,
when the grace period reaches a certain level
and the monitoring ratio is lower than its given
constant, the options received upon
bankruptcy converge to a constant. Our work is
further extending to examine a practical
problem to determine the fair premiums of the
TIGF.
This paper is organized as follows: Section 2
presents the basic structure of a life insurance
company, the definition of RV and the
regulatory intervention criteria, and the option
pricing method used in this paper. Section 3
performs the numerical study of the RV based
on plausible scenarios. In Section 4 the study is
further extended to determine the fair
premium of TIGF. Finally, Section 5 concludes
the study.
RS LAk

Sound insurance supervision is important
for financial stability since the financial crisis
might cause life insurers facing severe financial
distress problems. Ex-ante assessment
schemes such as TIGF are efficient to protect
the obligations of policyholders. In this paper,
we used the embedded Parisian option to price
the fair premium of TIGF with regulatory
forbearance schemes and investigated the
affects under several important parameters.

Comparing with Chen and Suchanecki
(2007), firstly, we define RV to measure the
residual value of an insurance company for
policyholders when liquidation happens. We
investigate the impacts of regulatory
forbearance, leverage ratio, grace period, and
guaranteed rate on RV. Numerical results
suggest that RIC is better than AIC in
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accordance with the principal of equal

treatments in financial supervision.

Secondly, we compute the ex ante
premiums of the insurance guaranty fund in
our basic model in order to investigate the
moral hazard problem. The results show that
the volatility of investment performance has a
greater effect on premiums than other factors.
Numerical analysis shows that financial
leverage and government intervention have a
similar effect on premiums. The results
indicate that the fair premium for TIGF is risk
sensitive and hence risk-based premium
scheme should be implemented to ease moral
hazard.
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& : This study mvestigates the bankruptcy cost when a financially troubled life insurer 1s
taken over by the supervision authority. Specifically, the framework proposed in
Grosen and Jogensen (2002) and Chen and Suchanecki (2007) is adopted to measure
the impact of the government intervention on the minimal guarantee values of the
policyholders. Then the cost of covering the claim obligations to policyholders in the
event of insurer insolvency from the insurance guaranty fund is investigated. The
embedded Parisian option due to regulatory forbearance on the fair premium under
the ex-ante prefunding scheme 1s fully explored. This study adds to the previous works
of Cummins (1988) and Duan and Yu (2005) by explicitly solving the embedded
default options incorporating regulatory forbearance mechanisms. Results show that the
relative intervention criterion 1s better than the absolute intervention criterion in
accordance with the fairness principle in financial supervision. The results also indicate
that leverage ratio, asset volatility, and intervention criterion influence the default cost.
Asset volatility has a significant effect on the default option, while leverage ratio and
mtervention criterion have shown relatively minor influence. Analysis indicates that the
fair premium for the insurance guaranty fund is risk sensitive and hence risk-based

premium scheme should be implemented to ease the moral hazard.
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Abstract

This study investigates the bankruptcy cost when a financially troubled life
insurer is taken over by the supervision authority. Specifically, the framework
proposed in Grosen and Jégensen (2002) and Chen and Suchanecki (2007) is adopted
to measure the impact of the government intervention on the minimal guarantee
values of the policyholders. Then the cost of covering the claim obligations to
policyholders in the event of insurer insolvency from the insurance guaranty fund is
investigated. The embedded Parisian option due to regulatory forbearance on the
fair premium under the ex-ante prefunding scheme is fully explored. This study adds
to the previous works of Cummins (1988) and Duan and Yu (2005) by explicitly
solving the embedded default options incorporating regulatory forbearance
mechanisms.

Results show that the relative intervention criterion is better than the absolute
intervention criterion in accordance with the fairness principle in financial
supervision. The results also indicate that leverage ratio, asset volatility, and
intervention criterion influence the default cost. Asset volatility has a significant
effect on the default option, while leverage ratio and intervention criterion have
shown relatively minor influence. Analysis indicates that the fair premium for the
insurance guaranty fund is risk sensitive and hence risk-based premium scheme
should be implemented to ease the moral hazard.
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Introduction

A financial crisis such as the stock market crash resulting massive fall of the security
prices might cause the financial institutions facing severe difficulties in managing
their balance sheets. As major investors in the financial markets, life insurers were of
course negatively affected by the crisis as the values of a broad range of assets in
their investment portfolio tumbled. While most insurers are quite resistant against
the crisis, not all insurance market participants follow the prudent strategy (Eling and
Schmeiser, 2010). They formulate ten consequences for risk management and
insurance regulation after the credit crisis. Baluch et al. (2011) study the impact of
the financial crisis on insurance markets and the role of the insurance industry in the
crisis. To ease the financial distress of those institutions during the crisis and their
capital restructuring schemes, supervisory authority might consider adopting
temporary capital relief plans, i.e., reducing the standard of solvency requirements
or providing temporarily capital injection.

For instance, to avoid the extreme impact of systematic risk during the period
of subprime crisis, the U.S. government took regulatory action to rescue financial
institutions in 2008. The Federal Reserve System injected capital into American
International Group (AIG) to assist the company avoiding bankruptcy. Ever since the
intensifying of the global financial crisis in October 2008, it seriously endangers the
balance sheet and generates significant unrealized losses for the life insurers in Asia
countries. For example, the stock market index fell more than 40% in Taiwan. Hence
the asset holding by life insurers had fell sharply during the financial crisis. Except for
a few life insurance companies, the majority of financial institutions played their
intermediation role effectively on the back of adequate capital levels. (CBC, 2009) At
that time, the Taiwan Financial Supervisory Commission (FSC) announced provisional
relaxation measures to reduce the capital requirements for life insurers.

The government attempts to reduce financial supervisory standards are called
regulatory forbearance in academia. Regulatory forbearance means the regulators
extending the grace period in capital injection plan or increasing the risk tolerance to
insurance companies facing the financial difficulty. While a run on an unhealthy

5
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insurance company is not necessarily a bad thing - it can discipline the performance
of managers and owners — there is a risk that runs on bad company can become
contagious and spread to good or well-run companies. (Saunders and Cornett, 2006)
Regulatory forbearance employed by the government often induce moral hazard and
cause the life insurer industry facing possible contagion risks (related studies see Lee,
Mayers and Smith, 1997; Lee and Smith, 1999; Angbazo and Narayanan, 1996; Miller
and Poloncchek, 1999; Bernier and Mahfoudhi, 2010 and others). To maintain its
routine operations when facing financial difficulties, the troubled insurers often offer
insurance policies with higher guaranteed rate in the market. However, though the
risk-taking strategy allows the insurers continuing to survive, it significantly worse
their balances sheets and bring out the adverse selection. Since liquidation of an
insurance company involves enormous restructuring cost, properly evaluating the
capital relief plans become vital in solvency control.

A great deal of attention has focused on the bankruptcy problem through the
risk-based insurance program. Merton (1973, 1974) used a contingent claim model
to investigate the corporate bankruptcy problem. He suggested that risky debt
should be modeled as risk free debt and a put option and equity as a call option on
firm assets, while regulatory forbearance is not fully incorporated in his work.
Merton (1977, 1978, and 1989) later extended his work to discuss default issues such
as deposit insurance and other financial intermediaries. Black and Cox (1976)
extended Merton’s approach to a general case in which ruin may strike at any
instant. Subsequent researches include Mello and Parsons (1992), Leland (1994),
Goldstein et al. (2001), and Morellec (2001).

The financial literature on the bankruptcy problem has recently extended to
insurance issue. Briys and de Varenne (1994) modeled the risk of insurer default at
maturity through an option triggered by shareholders with limited liability in
insurance contracts. They analyzed the effects of factors such as leverage ratio,
return volatility and minimal guarantee on asset and liability. Briys and de Varenne
(1997) extended the model by adopting a Vasicek (1977) type stochastic interest
rate framework. Grosen and Jggensen (2002) used the Black and Cox framework to
model the default risk of insurance companies at any time. Later Bernard et al.
(2005a, 2006) built on Grosen and Jggensen's work by evaluating the solvency

6
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problem of an insurer in a stochastic interest rate environment.

Beginning in 1990, studies indicating that bankruptcy and liquidation may not
coincidence. Debt holder is likely to attempt renegotiate the terms of notable
outstanding debts with debtor. Anderson and Sundaresan (1996), Mella-Barral and
Perraudin (1997), and Fan and Sundaresan (2000) considered the out-of-court
renegotiation of outstanding debt. Their works assume that renegotiation involves
no cost, relieving the firm’s debt problem. Since liquidation might incur significant
costs in reality, liability holders inevitably suffer certain losses. This creates the
option of a strategic default, meaning that the debtor can only receive the residual
values of the insurer. Hence, the option framework is employed to measure the
renegotiation value.

Beside out-of-court negotiation, another approach is through the court. These
negotiations differ in many aspects that affect the firm value. Franks and Torous
(1989) and Longstaff (1990) considered bankruptcy problems in U.S. bankruptcy
code Chapter 11. They found evidence that the renegotiation process is complex,
lengthy, and costly. Later Longstaff (1990) used the concept of compound option to
model debt value under Chapter 11 with the right to extend the maturity date of the
debt. The longer this extension, the less valuable it is to bondholders, and hence the
credit spread on corporate debt becomes larger.

In literature related to insurance, Chen and Suchanecki (2007) generalized the
work in Grosen and Jggensen (2002) to allow for Chapter 11 bankruptcy. Their
approach adopts a Parisian barrier option feature instead of the standard knock-out
barrier option. They found that the option values increased as the grace period
lengthened. Our study further extends their works through developing a quantitative
measure under regulatory forbearance defined as the minimal guarantee value
(MGV), i.e. the residual value of the policyholder upon liquidation. Because firm size
and leverage ratio are important determinants in evaluating the financial strength of
the insurer, we also investigate how the regulatory intervention affected by these
factors. Two kinds of regulatory intervention criteria, i.e., relative intervention
criterion and absolute intervention criterion, are defined to evaluate their impacts.
The sensitivity analysis of leverage ratio, guarantee interest rate, and grace period

on MGV is performed.
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The embedded Parisian options in our problem can be determined through
several numerical methods. (see Andersen and Brotherton-Ratcliffe (1996); Chesney
et al. (1997); Avellaneda and Wu (1999); Haber et al. (1999); Stokes and Zhu (1999);
Costabile (2002); Bernard et al. (2005) and others). In order to gain the numerical
accuracy and computational efficiency, the Laplace transformation method and the
numerical approximation proposed in Labart and Lelong (2009) is employed.

This paper contributes to the literature in several ways. First, we study the
bankruptcy cost of a financially troubled life insurer incorporating the regulatory
forbearance mechanism. Then the fairness principle in financial supervision is
defined and the intervention criterions are compared through measuring their
impact on the minimal guarantee values of the policyholders. Second, and most
importantly, the cost of covering the claim obligations to policyholders in the event
of insurer insolvency from the insurance guaranty fund is investigated. The
embedded Parisian option due to regulatory forbearance is fully explored. Finally, we
show that increasing the leverage ratio raises the liability of the insurer and the
guarantee benefit. When the grace period lengthens or the monitoring ratio
decreases, the MGV decreases. Nevertheless, when the grace period reaches certain
level and the monitoring ratio is lower than given constant, the options received
upon bankruptcy converges to a constant. Our work is further extending to examine
a practical problem to determine the fair premiums of Taiwan insurance guaranty
fund (TIGF).

This paper is organized as follows: Section 2 presents the basic structure of the
life insurance company, the definition of MGV, and the option pricing method used
in this paper. Section 3 defines the regulatory intervention criteria, including relative
intervention criterion, absolute intervention criterion and the fairness principle.
Section 4 performs the numerical study of the MGV based on plausible scenarios. In
Section 5 the study is further extended to determine the fair premium of TIGF.

Finally, Section 6 concludes the study.

Basic Framework

This section reviews the basic setting and model of the life insurers, and then

defines a quantitative measure under regulatory forbearance called the MGV, and

8
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introduces the numerical method in determining these values.
Basic Model of Insurance Firms

Based on the framework of Briys and de Varenne (1994, 1997) and Grosen and
Jgrgensen (2002), we assume that the policyholder is the only debt holder of the
insurance company. The policyholders who pay the initial premiums of the insurance
contract are assumed to be unique liability creditors and the policy reserves are
denoted by Ly = aAy,a € [0,1].

Table 1 Balance Sheet of Insurance Company
Asset Liability and

Ownership Equity

Ao

n
Llo = LO = aAO
i=1

Eo = (1 —-a)A,

The term (1 — a)A, represents the initial assets financed by the equity holder at
time t=0. The policyholders who pay the initial premiums of the insurance contract
are assumed to be unique liability creditors and the policy reserves are denoted by

D LY =Ly, =aAqa € [0,1] where L, is the aggregated liability portfolio with n
lines of business. The assets are invested in equities, corporate bonds, real estate or
others.

The insurance market has recently offered significant amount of with-profit life
insurance policies that contain an interest rate guarantee (see Briys and de Varenne
(1994, 1997), Grosen and Jgensen (2002)). The insurer is required to provide the
policyholder a minimal compounded return g;. The guarantee payment to the

T
policyholder at maturity is Lt = Loefo gedt

, Where T is the maturity date. In addition
to the minimal guarantee provided by the policy, the policyholder receives the bonus
option based on the investments performance of the insurer. The payoff of the
bonus is written as 8[aAt — Ly]T. This means that if the total value of the
policyholder’s share in the balance sheet exceeds the guaranteed payment Lt at

maturity, they can participant the returns given the participation rate 6. However, if
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At < Lt the policyholder could only receive the residue value of runoff the
insolvent insurance company at maturity. Therefore, the payoff to the policyholder
at maturity, g, (A7), is
U, (A7) = 8[aAr — Lt]* + min(Lr, Ar)
= 6[aAr — Lr]* + Ly — [Ly — A]*

as illustrated by the following figure.

Bonus option
Total payoff

to the
= Guarantee -
policyholder
fixed payment
Put option
Figure 1 the payoff to the policyholder at maturity

This payment consists of two components. The first component, on the
right-hand side, is a bonus option. The second component is the minimal value of the
firm and guaranteed insurance benefits at maturity. This second component of
payoff at maturity consists of two parts, a guaranteed fixed payment, which includes
the accumulated premiums compounded at the credit rate, and a short position of a
put option due to the limited liability of the shareholder.

According to Chen and Suchanecki (2007), an insurance company facing
liquidation returns a rebate payment 0y (t) = min(L,A,), to the policyholder at
time t. The rebate term implicitly depends on the parameter n in triggering the
intervention. The trigger condition is formulated in the following inequality

A, <B,=nL,
where B, is the regulatory barrier. Note that the rebate corresponds to the asset
value whenn < 1. A regulatory barrier is used to place the insurance company
under conservatorship or receivership.

Given the above structure, supervisory authority monitors the liability dynamics

in controlling the bankruptcy cost within the grace period. The regulatory authority

triggers the intervention once the MGV of the life insurer is below certain limit.

Market Framework
Assume the financial market is in a continuous frictionless world, and ignore any

10
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market imperfections. Using the equivalent martingale measures, the asset dynamics
{At}tE[O,T] on the insurer’s balance sheet follow a geometric Brownian motion
dA; = A (rdt + cdW,), (4)

where r denotes the deterministic interest rate, o represents the deterministic
volatility of {Ai}tejor;, and{Wi}ieo,r) is an equivalent Q-martingale process. The
asset price dynamics can be solved as the following equation

A. = Agexp {(r — %02) t+ owt}. (5)
The liability process is formulated as L; = Lyexp(gt) where g is the minimal
guarantee rates.

Following Chen and Suchanecki (2007), the concept of a Parisian option is
employed to measure the MGV. A Parisian option has three characteristics: up or
down, in or out, and call or put. Combining these characteristics makes it possible to
distinguish eight types of Parisian options. For example, PDIC denotes a Parisian
Down and In Call, whereas PUOP denotes a Parisian Up and Out Put. Since MGV
represents the residual value of the insolvent insurer, it consists of two options
which are the present value of the residual value at maturity and the present value
of rebate payment at the defaulted time. Parisian option is employed in our study to
allow the grace period. In the standard Parisian down-and-out option framework,
the final payoff Wi (A1) is only paid if the following technical condition is satisfied:

Tg = inf{t > 0|(t — g8 ) la<pg > d} >T (6)
where
g8« = sup{s < t|A; = B},
with gﬁ,t = sup{s < t|As = B}, where gﬁ,t denotes the last time before t at
which the value of the assets Ag reaches the barrier Bg. The term Tg represents
the first time at which an excursion below regulatory barrier lasts more than d units
of time. In fact, Tg is the liquidation date of the company if Tz < T. Note that the
condition in Eq. (6) is equivalent to
Ty = inf{t > 0|(t — gpe)liz<py > d} > T (7)

where

— sup(s < t|Z. = b},b = ~1 (”L")
Bne = supls < tiZs = b}b = ~In (=2),

11
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and {Z:}o<t<r is @ martingale under a new probability measure P! defined by the

Radon-Nikodym density
dQ _ m? 1 1 5
E|TT—exp{mZT—TT},m—;(r—g—Eo ), (8)
Z. = W, + mt. The following derivation clarifies this equivalence argument:

g5, = sup{s < t|A; = B}

1
= sup {s < t|Apexp {(r — 502) s+ OWS} = nLOegS}

= sup{s < t|Zs = b} = gy,
The P measure is an equivalent measure satisfy Z; = W, + mt(i.e., P is
equivalent to Q). According to the explanation above, the excursion of the value of

the assets below the exponential barrier B, = nLye8" is an event in which the

. . . . . 1 L
excursion of the Brownian motion Z; is below a constant barrier b = =In (1—0)".
o ]

Therefore, under the Q measure, the maturity benefit W (A1) can be expressed as
follows:
Eq[e™ W (A) Lirgsm), (9)

This can be rephrased as follows:
—(r+lm2)T
e 2™ E, 1451y WL(AgexploZrlexp{gTlexpimZr})|,  (10)

where A; is the asset process under P which can be expressed as follows:

A, = Agexp{oZ,}exp{gt}. (11)

Minimum Guarantee and Regulatory Forbearance

It is important to have a clear idea about how the bankruptcy concerning the
policyholder is affected through measuring the MGV. M(0) expressing the present
value of the residual value when liquidation happens at time zero is defined as

follows:
M(O) = EQ[e_rTmin{LT, AT}l{T§>T}] + EQ[e_rTEmin{LTE,ATE}l{TgsT}]

= Eqle™(Ly — [Lt — A7l 1r55m] + Eqle ™ Bmin{Ly, Ao } 1z emy]

1 . . . .1
P measure is an equivalent measure of Q, but is not a real world probability measure.

12
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1
= EQ[e_rTLTl{T§>T}] - e_(r_g+§m2)TEP [[LO B AOEOZT]+emZT1{TB>T}]

1 _
+ Ep [e_(”Emz)Tb exp{mZTg}min{LTg, ATg}l{TgsT}]

= EQ[e_rTLTl{T§>T}] - PDOP[A01 Tr BO! LOr T, g]
1 —

+ Ep [e_(r+§m2)Tb exp{mZTg}min{LTg,ATE}l{TgsT}] , (12)
Note that MGV includes three parts:
1. A deterministic guaranteed part Lt which is paid at maturity when the value of
the assets has not stayed below the barrier for a time longer than;
2. A Parisian down-and-out put option with strike Lr;
3. A rebate paid immediately when the liquidation occurs.

Before showing the detail calculations, several notations, definitions, and

propositions are introduced.
Definition 1 (Laplace Transform) The Laplace transform of a function f(t) for all

t > 0 is the function f defined by

+ oo

L{fO)} =) = f e Mf(t)dt,

0

Definition 2 (Inverse Laplace Transform) The inverse Laplace transform of a Laplace
transform f is
LI} = ()
where t > 0.
Propositions 1-8% are the basic statements which depend heavily on the Laplace and
inverse Laplace transformation to explicitly formulate the Parisian options in this
paper. The proof, or intuition, of each proposition is also given.
Proposition 1 BSP is the Black and Scholes (1973) put option price, which can be
expressed as
BSP[Ao, T; Lo; 1, g] = Eqle ™ [Ly — Ar]*] = Loe™""®TN(dz) — AoN(dy)
4 ln(ﬁ—g) + (r— gi%oZ)T
oVT

Proof: The result can be obtained following the work in Black and Scholes (1973).

b-k . .
) and D = Jg are used in the propositions.

Lo

% The notations 8 = V24, k, = llog(
(o2 Ao

13
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The Digital Parisian Down and In Call option is denoted by DPDIC[A,, T; Ly; r, gl.
Proposition 2 The Laplace transform of DPDIC[A,, T; Ly;1,g| is given by the

following formula

b(9+m) b(6+m)¢( e\/_)
86 +m) g(m — B)Y(6Vd)

_ V2nde!+P@rmIIN(8Vd) N( ex/_ d) o 2m
llJ(B\/—) - + ( m\/_)e ( 2—62>l

ZZ
where {(z) =1+ zvV2nezN(z) and N(z) is the cumulative distribution function

DPDIC[A,, A; Ly; 1, 8] =

of the standard normal distribution.

Proof: See Appendix A.

Proposition 3 The Laplace transform of a Parisian Up and In Call option is denoted by
PUIC[Ay, \; By, Lg; 1, g]. It is given by

(m?+02)
2

Forany A > and for By > L, we have

PUIC[Ao, ;s Bo, Ly 1, €]

Ze(m—e)b\/ﬁ B dm?
= 9 2e2 *m*N(m\/_+D)

LIJ(@\/H) m2—0
) m e+ o (m+o)Va+ D)l
g—2b6 B, e(M+0)kg }\d\/_N (d _ 9\/_) ( 1 )
w(evd) ° e
(m+0)k 1 .
9:—'(9\/8) Bo (m -0 m+4o-— 9) (41(9\/5) — 6vV2ndN(d + e\/a))

for By < Lo,
PUIC[Ao, A; Bo, Ly 1 ]

2 (m-06)b B ﬁ
= we(e\/a) — _0 52 2+ N(mvVd)
—(m o 6 U] ((m + 0)\/_)]
e 20— e\/_) L(m4) 1 1
" ow(6vd) Boe ek(m+o+6_m+0>

Proof: See Labart and Lelong (2009).

Proposition 4 The following relationships hold (put call parity of Parisian option)

14
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1 11
PDOP|[A,, T; By, Ly; 1, 8] = AgBoPUOC [—, T, —,—;r, g]

Ao’ B Lo

1 11
PUOP[A, T; By, Ly; 1, 8] = AgBoPDOC [—,T;—,—; r g]

Ao’ By L

1 11
PUIP[Ao, T; By, Ly 1, 8] = AgB,PDIC [—,T;—,—; r g]
Ao’ Bo L

1 11
PDIP[Ao, T; Bo, Ly; T, 8] = AOBOPUIC[ T—,—;r,g]
Ao’ "By’ Lo

Proof: See Labart and Lelong (2009).

Proof: See Appendix A.

Proposition 6

2

-

Ep [exp ((m + o)ZT;>] = e(m+olb <1 —(m+ 0)\/_e 20 IN(—(m + 0)\/_)>

Proof: See Appendix A.

Proposition 7

Ep [exp ((m + o)ZTg) l{ZTI;Skl}:I
ERY
exp (—% +(M+o)k — b))

— e(m+0)b

—2nd(m + o) exp ( 5

Proof: See Appendix A.

Vd

Proposition 8

Ep [exp(mZTE)l{klszTgsb}]

[ 1—exp<—(k%db)2+m(kl—b)>
_ amb
| e () () =2y

Proof: See Appendix A.
Detailed calculations of the M(0) are shown in Theorem 1.

15
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Theorem 1 The guarantee benefit of the policyholder at time zero, M(0), i.e., the
present value of the residual value when liquidation happens, is explicitly formulated
as follows:
For n <1,
M(0) = e™""L;(1 — L7H{DPDIC[Ag, \; Lo; 1, g]3)
—BSP[Ag, T; Lo; 1, g] + AgBoL ™! {PUlc[Al it g]}

1 \m
FAG X L7 {E”P [e—(f—€+5m2)Tb 1{T_ST}]}
+0
x eM+ob [ 1 _ (m + 0)V2nd e B N( (m+0)\/—)
1
for 1<n< 7
M(0) = e L1 (1 — L~Y{DPDIC[A, A; LO; r g]})
1 1 1
Ao’ Bo Lo
1 \m
eagx £o2 g [e bt )
2
exp( G 12d b) +(m+o)(k1—b)>

]

|
d(m + 0)2> \ <k1 —b—d(m+ 0))‘
2 va

X e(m+o)b

—2rd(m + o) exp <
+lox L7HE [e-(r—g%mz)n? 1zen]

2
| 1—exp< (12d)+m(k1—b)>

|-mmsen () [} (7) - ()

Proof: See Appendix A.

ee——

x emP

—(r=g+im2)T
The Laplace transform of DPDIC, PUIC and Ep [e (r-e5m?)Ts 1{Tg5T}] are formulated

in Theorem 1 and then the Laplace inversion is employed to find M(0).

Relative and Absolute Intervention Criterion
M(0) can be rewritten as a linear function of asset or liability. Leverage ratio is

definedas a = :—0, and then MGV can be expressed as
0

M(0) = Eq[e™Mrly | —e (met3m) "Ep[[Lo — Ace™T] e 1y

1
+Ep [e_(r+2m e exp{mZTb—}min{LTg, ATb—}l{Tb—ST}]

16
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—(r—giim? i L + ]
= EQ [e_rTLoeng{TB—>}] —e (r g+2m )TEP I LO —_ EOeOZT:l emZTl{Tb_>}

—(r+Em2)T - L ~+gTp -
+Ep [e (437)% exp{mzy; Jmin {LoegTb —e™ +gTb} 1{Tb‘sn]
- + 7

(ol 2 1
= LoEq[e_(r_g)Tl{Tb}]_Loe (e )TEP [1 _aeozT] e
_(r+Lm2)o S _
+LoE, [e (r+2m)5 exp{mZTg}min {egTb,aeosz *&Tb } 1{T55T}]

Eole 91 rysy] e (H T, [[1 ~ten]’ eszl{T;>}]

= Lo ' (13)

+Ep [e‘(”%mZ)Tb_ exp{mzy; Jmin {e#Ts ™% ¥ 10|
and

1
Ea[ae_(r_g)Tl{rg>}]—e_(r_g+5m2)TEP[[°‘ S AR TS

+Ep [e_(r%mz)ﬂ; exp{mZT;}min {aegTE, ey +ng} 1{Tb_sT}]

The equation above illustrates the linearity of MGV. The linear relationship can be

M(0) = A (14)

used to evaluate the intervention criteria. In the following discussion, two
intervention criteria are defined, i.e., the relative intervention criterion (RIC) and the
absolute intervention criterion (AIC). Hence we are able to examine and compare

the efficiency of the existing regulatory intervention mechanisms.

Definition 3 (Monitoring Ratio) the monitoring ratio R is a benchmark set by a
regulatory authority to intervene the operation of an insurance company. This ratio
satisfies

R=-, (15)

where vy is the trigger standard of the government intervention. Therefore, as the

minimal capital requirement increases, the monitoring ratio also increases.

According to the definition of the MGV, higher monitoring ratios increase both the

rebate payments of the policyholder and their MGV.

Definition 4 (RIC and AIC) Under the RIC, the regulatory authority determines a
given constant multiplier n of the liability of the insurer, i.e.,, (nLy), as a
benchmark to trigger the intervention. While under the AIC, the regulatory
authority chooses a positive tolerance value Y and set up a liability lower bound
(Lo —Y) as a benchmark to trigger the intervention.

Definition 5 (Minimal Guarantee Index, MGI) the regulatory intensity can be

17
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represented through measuring the MGV per asset value called the minimal

MR (0)

0

guarantee index (MGlI). Hence the MGl of RIC is defined as , and the MGI of AIC

MA(0)
Ay

is

It is important to identify the unintended consequences of regulation and avoid the
pitfalls of one-size-fit-all regulation. The fairness principle is defined to investigate
the proposed micro-prudential regulatory approaches (i.e., regulation targeting an

individual company’s economic soundness).

Definition 6 (The Fairness Principle) the fairness principle assumes a hypothetical

regulatory rule that the financial regulator maintains the MGI of each insurer to be
the same based on the same financial status, i.e., asset volatility, guarantee rates,
and leverage ratio.

Corollary 1 demonstrates the preliminary results linking the guarantee benefit of the
policyholder with the fairness of the micro-prudential regulatory approaches.
Corollary 1 Given the same MGI, the RIC is more consistent with the fairness

principal than the AIC.

First consider the condition of only one company. In Fig. 2, the MGl of the RIC is fixed,
and will not change as the initial liability fluctuates. In contrast, the MGI of the AIC
varies, and changes based on initial liability. On the other hand, when a regulatory
authority adopts the AIC, the larger insurance companies will suffer more attentive

by a regulatory authority, but this kind of situation will not happen in RIC.

18
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Figure 2 Relationship between A, and MGl ——: blue, - red, with parameters
0 0

a =0.8;r =0.02;g = 0.015;d = 0.5, =0.9;Y = 50; T = 20; 0 = 0.05

Two sample companies are selected to clarify the fairness principle. For
Company 1, assume its initial asset level is Aj and its initial liability is L3. The term
MR(0) is the MGV of RIC for Company 1 and M%(0) is the MGV of AIC for Company
1. For Company 2, adopt a similar definition. If other factors are fixed, i.e., these two
insurance companies have the same r, g,and o. Based on the definition of RIC, the

larger leverage ratio a would cause the higher monitoring ratio and the higher MGV

13 mR©) _ M5 L .
MR(0). Indeed, 0y, =3 >S5 =q, = 15 ) > 2§ ) This indicates that the insurer
AT Al A2

with a higher leverage ratio will experience more stringent monitoring from the
regulatory authority. For the condition of a; = a,, even if these insurers have
different amount of assets and liabilities in their balance sheets, they are supervised
under the same standard.

Under the AIC, given that the two insurers have same aq,r, g,and o, the

monitoring ratio raise as the asset increases. If A} is larger than A3, then

ML) _ M5(0) . . . .
¥ > z In this situation, the regulatory authority will be more concerned the
0 0
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insurer with higher asset values, even if these insurers have the same leverage ratio,
guaranteed rate, and other factors. Hence the discussion suggests that the AIC is less

consistent with the principal of fairness comparing with the RIC.

Numerical lllustrations

This section provides an improved method in Labart and Lelong (2009) adding to the
work in Bernard et al. (2005b). The comparison of the numerical methods is
summarized in Appendix B. The sensitivity analysis is also performed to investigate

the MGV under various market scenarios.

Appropriateness of the MGV

It shows that MGV is an increasing function of the monitoring ratio and a
decreasing function of the grace period. Since intervention criterion heavily
influence the security of the holding assets, the guarantee benefits can be regarded
as a benchmark in measuring the regulatory intensity.

Table 2
The MGV with parameter:
Ay, =100;Ly =95;a =0.95;r=0.02;g = 0.015;06 = 0.05 -

Monitoring Ratio

Grace period

50% 60% 70% 80% 90% 100%

0 82.89 82.89 82.89 82.99 84.40 91.61
0.25 82.89 82.89 82.89 82.93 83.69 88.37
0.5 82.89 82.89 82.89 82.92 83.50 87.34
1 82.89 82.89 82.89 82.91 83.29 86.17
1.5 82.89 82.89 82.89 82.90 83.17 85.45

82.89 82.89 82.89 82.90 83.10 84.94
82.89 82.89 82.89 82.89 82.94 83.59

10 82.89 82.89 82.89 82.89 82.89 83.03
15 82.89 82.89 82.89 82.89 82.89 82.90
20 82.89 82.89 82.89 82.89 82.89 82.89

Table 2 shows that MGV is an increasing function of monitoring ratio and is a

decreasing function of grace period. A longer grace period and a lower monitoring

20
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ratio result a lower MGV. The results further show that the MGV converges to a fixed

value as the monitoring ratio decreases.

Effects of Riskless and Guarantee Rate

The interest rate is a crucial factor in determining the insurance premium. We
employ the MGV to measure the efficiency of the regulatory forbearance given
various riskless rates and guarantee rates. Tables 2 and 3 show the results based on
the scenarios when the riskless rates are equal or less than the guarantee rates, i.e.,
r=g and r < g. The results show that the MGV of the insurer are higher given
r<g.

Table 3
The MGV of the condition r = g with parameters:
Ay =100;Ly = 95;a =0.95;r = 0.02; g = 0.02; 0 = 0.05

Monitoring Ratio

Grace period

50% 60% 70% 80% 90% 100%

0 88.59 88.59 88.60 88.69 89.88 95.00
0.25 88.59 88.59 88.59 88.64 89.30 92.83
0.5 88.59 88.59 88.59 88.62 89.14 92.11
1 88.59 88.59 88.59 88.61 88.96 91.25
1.5 88.59 88.59 88.59 88.60 88.86 90.71

88.59 88.59 88.59 88.60 88.79 90.32
88.59 88.59 88.59 88.60 88.64 89.22

10 88.59 88.59 88.59 88.59 88.60 88.73

15 88.59 88.59 88.59 88.59 88.59 88.61

20 88.59 88.59 88.59 88.59 88.59 88.59
Table 4

The MGV of the condition r < g with parameters:
Ay =100;Ly =95;a = 0.95;r = 0.015; g = 0.02; 0 = 0.05

Monitoring Ratio
Grace period
50% 60% 70% 80% 90% 100%
0 93.16 93.16 93.16 93.24 94.11 97.32
0.25 93.16 93.16 93.16 93.19 93.69 96.03
0.5 93.16 93.16 93.16 93.18 93.57 95.58
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1 93.16 93.16 93.16 93.17 93.44 95.03
1.5 93.16 93.16 93.16 93.17 93.36 94.67

93.16 93.16 93.16 93.16 93.31 94.41
93.16 93.16 93.16 93.16 93.20 93.64

10 93.16 93.16 93.16 93.16 93.16 93.27
15 93.16 93.16 93.16 93.16 93.16 93.17
20 93.16 93.16 93.16 93.24 94.11 97.32

The MGV in Tables 3 and 4 are higher than those in Table 2. It suggests that the
regulatory authority should enhance monitoring intensity given lower riskless and
higher guarantee rates. Tables 2 to 4 show that lower riskless rates result higher

MGV.

Effects of Intervention Criteria

The MGl is employed to explain which relative intervention criteria best fits the
principle of fairness. Table 5 shows the numerical results of MGI for various
intervention criteria. The firm size changes the MGI in the AIC. The results indicate
that the firm size will significantly cause different regulatory actions when the AIC is
adopted. This agrees with the findings that the RIC is the best supervisory
intervention criterion. Table 5 shows that if the grace period is long enough, the MG
converges to a steady state.

Table 5
The MGI for different intervention criteria with parameters:

a=0.95;r=0.02;g =0.0150 = 0.05;1=0.9;Y =50

Average regulatory intensity in the Average regulatory intensity in the
relative intervention criterion absolute intervention criterion
Grace Firm size Grace Firm size

period | 600 | 700 | 800 | 900 |1000| period | 600 | 700 | 800 | 900 | 1000

0 0.844|0.844/0.844|0.844/0.844 0 0.848|0.854/0.859/0.863|0.867
0.25 ]0.837|0.837|0.837/0.837|0.837, 0.25 |0.840(0.843/0.846|0.849|0.851
0.5 0.835|0.835(0.835|0.835|0.835| 0.5 0.837|0.840|0.842/0.844/0.846

1 0.833|0.833|0.833|0.833|0.833 1 0.834/0.836|0.838/0.840/0.841
1.5 0.832|0.832|0.832|0.832|0.832 1.5 0.833|0.834/0.836/0.837/0.838

2 0.831]0.831|0.831|0.831|0.831 2 0.832|0.833|0.834/0.835/0.836
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5 0.829|0.829|0.829|0.829|0.829 5 0.830(0.830{0.830(0.831/0.831
10 0.829|0.829|0.829|0.829|0.829 10 0.829(0.829|0.829/0.829/0.829
20 0.829|0.829|0.829|0.829|0.829 20 0.829|0.829/0.829/0.829/0.829

Fair Premium in Ex-ante Assessment

There is either ex ante or ex post assessment schemes in covering the claim
obligation of insolvent insurers. According to work in Ligon and Thistle (2007), they
observed that ex ante gives the shareholders less incentive for risk-taking behavior
than the actual ex post assessment scheme observed most frequently in practice.
Since guarantee funds create a put-option-like subsidy to shareholders (Cummins,
1988; Lee at al, 1997), a fair premium in a competitive market is an important
prerequisite for a guaranty fund (see Eling and Schmeiser, 2010).

Hence we extend the previous work to determine the fair premium through
ex-ante funding scheme in the TIGF. TIGF provides last-resort protection to
policyholders when insurers become insolvent and are not able to fulfill their
commitments. In guaranty fund research, Cummins (1988) provided a risk-based
guaranty fund premium to reflect the risk of the insurer. Duan and Yu (2005)
extended the work in Cummins (1988), using a Monte Carlo method to incorporate
interest rate uncertainty and RBC regulation in pricing guaranty fund premium.
Basically, Cummins (1988) and Duan and Yu (2005) assume a US bankruptcy code
Chapter 7 framework.

In this study, the ex ante premiums of the insurance guaranty fund are
measured given regulatory forbearance. The results show that leverage ratio,
performance stability, and government intervention are crucial determinants in an
ex ante assessment. Consider a hypothetical insurer whose initial asset is 100
monetary units and the guaranteed rate of liability portfolio is 2%. The minimal
compensation ratio of the insurance guaranty fund is 90% of the policy reserve.
Since the insurance guaranty fund is to protect the beneficiaries of the policyholders,
the fund cover 90% of the total amount owed to the beneficiary in the event that the
company fails.

The fair premium C(0) is formulated as:
TS . +
C(O) = EQ [e ITg [}\LTE - mm{LTE,ATE}] 1{TEST}]
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+Eq[e"T[ALt — A]* Lpsomy]
The first term on the right represents the bankruptcy cost when the time of the
insurer becoming insolvent is within the grace period. The second term on the right
means the bankruptcy cost at maturity. It can be formulated through the following

equation.

—rTq + *
C(0) = Eq [e 1T [[LTE — A - - A)LTE] 1{T§ST}]
+PDOP[A,, T; By, ALg; T, £]

= Eq[e ™8 [ALr; — Ar;] Lirzem]
+PDOP[A,, T; By, AL; 1, g]
Note that the fair premium consists of two parts:
(1) A Parisian down-and-in put option with strike ALp; when insurers have
defaulted before maturity.
(2) A Parisian down-and-out put option with strike ALr;

We employ the inverse Laplace transform in numerical computations to
investigate the fair premium, and compare the results by leverage ratio, asset
volatility, and intervention criterion. The financial leverage of a company is used to
measure its ability to meet financial obligations. While asset volatility measures the
investment behavior of the insurer and intervention criterion measures the
regulatory intensity and forbearance through the grace period. Intuitively, as the
leverage ratio and asset volatility of the insurer increases and the intervention
criterion of government become more intensive, the fair premium increases. This

study presents numerical results to explore the relationship between these factors.

Finding and Observation

Tables A, B, and C summarize the fair premiums based on various scenarios. The
risk free interest rate is set at 2%. In Table A, the trigger point of government
intervention is 100% of the liability and the leverage ratio is 95%. The volatilities of
asset portfolio form 1% to 5%. In Table B, the trigger points of government
intervention are 80%, 85%, 90%, 95%, and 100%. The leverage ratio is 95% and the

volatility of asset portfolio is 3%. In Table C, the trigger point of government
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intervention is 100% and the asset portfolio volatility is 3%. The leverage ratios of
the insurer are 91% to 95%.

Table A Fair Premium of Insurance Guaranty Fund in Basis Points
Note: when the volatility of an insurer’s asset portfolio changes from 1% to 5%, the fair
premiums increase from 0 b.p. to 129 b.p., while the premiums increase almost twelve times

at 5% from one-year to five-year grace period.

Grace period Volatility
(Year) 1% 2% 3% 4% 5%
0 0 0 0 0 0
0.25 0 0 0 0 0
0.5 0 0 0 0 0
1 0 0 0 1 8
1.5 0 0 0 5 22
0 0 1 10 37
5 0 0 7 39 99
10 0 0 13 55 127
15 0 0 13 56 129
20 0 0 13 56 129
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In Merton (1974), the equity value (E,) of a firm can be described as a European
call option with strike price of the debt. According to Black and Schole (1973) pricing
formula, the European call option is expressed as follows:

Eo = AgN(d;) — e "TLyN(d,).

Where
In (lﬁ—g) + (I“f‘%O’A)T
d; = GA\/T )
d2 =d, — o,VT.

Using the market value of equity and the book value of asset and liability, we can find
the implied volatility of the asset value. The following table shows an empirical
example of a Taiwan insurance company. The implied volatility is from 1.67% to
12.03% with different maturity and different market condition of the reference
insurance company. Comparing the assumptions of the volatility in table A, it can
infer the investor’s holding period of the stock is probability about 3 to 4 years.

Table A-1 implied volatility
This table describes the implied volatility of a Taiwan insurance company with
different maturity assumption. Data source: Taiwan Economic Journal (TEJ).

o : implied volatility
date asset value  liability value equity value T T T=3 Ted
2011/3/31 670,369 638,969 48,661 10.77% 6.93% 5.02% 3.69%
2010/12/31 648,753 616,932 50,865 12.03% 7.85% 5.82% 4.45%
2010/9/30 620,441 593,821 44,321 11.18% 7.26% 5.34% 4.04%
2010/6/30 592,155 571,696 32,175 7.86% 4.83% 3.21% 1.67%
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Table B Fair Premium of Insurance Guaranty Fund in Basis Points
Note: when the ratio of monitoring changes from 100% to 80%, the fair premiums increase

from 0 b.p. to 17 b.p.. The premiums converge to 13 b.p. when the length of grace periods

increase to 20 years.

Grace period Rate of Monitoring

(Year) 80% 85% 90% 95% 100%
0 15 17 0 0 0
0.25 14 16 11 0 0
0.5 14 16 13 0 0
1 14 15 15 2 0
15 14 15 15 5 0
14 15 15 7 1
13 14 15 13 7
10 13 13 14 14 13
15 13 13 13 13 13
20 13 13 13 13 13

Table C Fair Premium of Insurance Guaranty Fund in Basis Points

Note: when the leverage ratio of the insurer changes from 91% to 95%, the fair premiums

increase from 0 b.p. to 13 b.p., while the premiums increase more than ten times at 95%

from two-year to ten-year grace period.

Grace period Leverage Ratio
(Year) 91% 92% 93% 94% 95%
0 0 0 0 0 0
0.25 0 0 0 0 0
0.5 0 0 0 0 0
1 0 0 0 0 0
1.5 0 0 0 0 0
0 1 1 1 1
3 4 5 6 7
10 5 7 8 10 13
15 6 7 9 11 13
20 6 7 9 11 13

This study investigates the determinants of fair premium due to life insurer

insolvency. The determinants include financial leverage, performance stability, and

government intervention which impede the fair premium of the TIGF. Regulatory
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forbearance might cause the wrong incentives for the managers and significantly
increase the cost of the guaranty fund by increasing the volatility of the insurer’s
asset portfolio. Comparing the premium rates, i.e., 10 basis points for life insurers in
TIGF, with the results in Table C, it shows that the asset volatility should be

controlled less than 3% within five-year grace period.

Figures 2-5 The fair premium given leverage ratios and grace periods
These figures show the cost of the guaranty fund at maturity, before maturity, total cost, and fair
premium. The initial asset is assumed to be 100 monetary units. The risk free interest rate is set at 2%.
The guaranteed rate is 1.5% and the minimal compensation ratio is 90%. The trigger point of
government intervention is 100% of the liability. The volatility of asset is 10% and the time horizon is
20 years.
Fig 2 Fig 3

Cost of guaranty fund at maturity Cost of guaranty fund before maturity

Cost of Guaranty Fund at maturity Cost of Guaranty Fund before maturity

Bankruptcy Cost
Bankruptcy Cost

i} 1}
Grace period d 05 Leverage Ratio Grace period d 05 Leverage Ratio

Fig 4 Fig 5

Total cost of guaranty fund Fair premium

Total cost of Guaranty fund Guaranty Fund cost per Liability

008
006,
004 Jo

002

Bankruptcy Cost
Ratio of Bankruptcy Cost

-0.02
20

Grace period d 0 os Leverage Ratio Grace period d 0 os

Leverage Ratio

Figures 2-5 show the fair premium given leverage ratios and grace periods. These figures show
the cost of the guaranty fund at maturity, before maturity, total cost, and fair premium. The initial

asset is assumed to be 100 monetary units. The risk free interest rate is set at 2%. The guaranteed
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rate is 1.5% and the minimal compensation ratio is 90%. The trigger point of government intervention

is 100% of the liability. The volatility of asset is 10% and the time horizon is 20 years.

Figures 2 through 5 compare the fair premium based on various leverage ratios
and grace periods. In our setting, the intervention criterion is set at n=1. The results
in Fig. 2 show that as leverage ratio or grace period increases, the fair premiums
increase. This indicates that the grace period is significantly influenced when the
insurer maintains high leverage ratio.

Figure 3 shows that the fair premiums increase if the insurer increases leverage
ratio. When we increase the length of grace periods, the fair premiums first increase
and then decrease. This behavior can be explained by the ruin probability of the
insurer, which initially exhibits an increasing trend and then turns a downward trend
as the grace period increases.

Figures 4 and 5 plot the fair premium. The figures show a shape similarity to
those in Fig. 3. When the grace period reaches a certain length, the fair premiums
converge to a stable value. The fair premium in Fig. 5 falls from 0% to 7.24%,
indicating that different leverage ratios and grace periods have result diverse default

costs.

Figures 6-9 The fair premium given different leverage ratios and grace periods
The figures show the fair premium at maturity, before maturity, total cost, and fair premium. The
initial asset is assumed to be 100 monetary units and the liability is 95. The risk free interest rate is set
at 2%. The guaranteed rate is 1.5% and the minimal compensation ratio is 90%. The volatility of assets
is 10% and the time horizon is 20 years.

Fig 6 Fig7

Cost of guaranty fund at maturity Cost of guaranty fund before maturity

Cost of Guaranty Fund at maturity Cost of Guaranty Fund before maturity

Bankruptcy Cost
Bankmuptcy Cost

Grace period d 0 o0s Wanitoting Ratio Grace period d 0 os

Manitaring Ratio

Fig 8 Fig 9
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Total cost of guaranty fund Fair premium

Total cost of Guaranty fund Guaranty Fund cost per Liability

Bankruptcy Cost
Ratio of Bankruptcy Cost

Grace period d 0 os Wanitoting Ratio Grace period d 0 oos

Manitoring Ratio

Figures 6 to 9 compare the fair premium for different monitoring ratios and
grace periods. The monitoring ratio equals the initial liability and the monitor barrier.
The leverage ratio is set to be 0.95, which nears the average leverage ratio in Taiwan
life insurance industry. Figure 6 indicates as the ratio of monitoring decreases or the
grace period increases, the fair premium increases. These results show that the
monitoring ratio and the grace period have a similar effect. In Fig. 7, with a decrease
in the grace period, when the monitoring ratio increases, the cost of the guaranty
fund increases. Given a shorter grace period, the difference between the minimal
compensation ratio and ratio of monitoring has a significant effect on the fair
premiums. Figure 7 shows that when the monitoring ratio increases more than the
minimal compensation ratio increases (or exceeds this ratio), the cost of the
guaranty fund decreases.

Figure 7 shows that as the grace period increases, the fair premium first increases,
and then decreases. This concludes the guaranty fund trend as the grace period
increases. Figures 8 and 9 illustrate the fair premium. Though the similarity to Fig. 7,
the grace period in these figures increases before the fair premium becomes stable.
The fair premium in Fig. 9 ranges from 0% to 7.66%. This shows that the monitoring

ratio and the grace period have diverse effects.

Figures 10-13 The fair premium given different volatilities and grace periods
These figures show the cost of guaranty fund at maturity, before maturity, total cost, and cost of
bankruptcy per written liability. The initial asset is assumed to be 100 monetary units and the liability

is 95. The risk free interest rate is set at 2%. The guaranteed rate is 1.5% and the minimal
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compensation ratio is 90%. The trigger for government intervention is 100% of the liability. The time
horizon is 20 years.

Fig 10 Fig 11

Cost of guaranty fund at maturity Cost of guaranty fund before maturity

Cost of Guaranty Fund at maturity Cost of GuarantyFund before maturity

Bankruptcy Cost
Bankruptcy Cost

Grace period d i Valatility Grace period d oo “Wolatility

Fig 12 Fig 13

Total cost of guaranty fund Fair premium

Total cost of Guaranty fund Guaranty Fund cost per Liability

Eankruptcy Cost
Ratio of Bankruptcy Cost

Grace period d oo Yolatility Grace period d 0o

Wolatility

Figures 10 to 12 show how the fair premium of the guaranty fund affects
volatility and grace period. In the sample scenario, the leverage ratio is 0.95 and
monitoring ratio is 1, since 0.95 is the normal leverage ratio in the Taiwanese life
insurance industry. The liability monitoring value is set at 100% to represent basic
minimal compensation for the policyholder. In Fig. 10, if the volatility or the grace
period increases, the fair premium increases. Results show that the grace period has
a significant influence when the asset volatility increases. In Fig. 11, the volatility
increase causes an increase in the fair premium. Figure 11 shows that the premium
initially increases and then decreases as the grace period increases. Figures 12 and
13 present the fair premium. These figures show a similar pattern to that in Fig. 3,
but the grace period increases before the cost of bankruptcy stabilizes. The fair
premiums are in Fig. 13 ranging from 0% to 7.24%. This shows the diversity of default

costs due to various asset volatility and grace period.
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By extending our model, we examine the factors to determine their effect on
the fair premium. Results show that asset volatility has the most significant effect.
While, leverage ratio and monitoring ratio have minor influence and behave

similarly.

Conclusion

This study develops a quantitative benchmark, MGV, to measure regulatory
forbearance and the impacts of leverage ratio, grace period and guarantee rate on
MGV are investigated. Numerical results suggest that the relative intervention
criterion (RIC) is better than the absolute intervention criterion (AIC) in accordance
with the fairness principle in financial supervision.

Secondly, we compute the ex ante premiums of the insurance guaranty fund in
our basic model in order to investigate the moral hazard problem. The results show
that the volatility of investment performance has greater effect on the premiums
than other factors. Numerical analysis shows that financial leverage and government
intervention have a similar effect on the premiums. The results indicate that the fair
premium for TIGF is risk sensitive and hence risk-based premium scheme should be

implemented to ease the moral hazard.
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Appendix A: Proof of Proposition 2.

Proof: According to lemma 1 and theorem in Labart and Lelong (2009), the Laplace

transform of Parisian down and in call option can be expressed as the following

equation:
— e®P e
DPDIC[Ag, X; Lg; 1, 8] = W}_memmx,d(b —y)dy
where
( e%dy(-evd) ifa<o
Kpa(@) = N (6\/& B %) e+

e 93dy(—6vd) — dov2nder

otherwise

N (—9\/& + %) efa

Taking K; 4(a) into the integration function, it can easily find

DPDIC[A,, A; L e?®m  ePOrmy(-6vd)
[ o/ Lg; T, g] - 0(0 + m) B 0(m — e)llj(e\/a)

VZrderd+PO+m IN(avd)  N(—6vd) mZ—02 om
y(6vd) [ m+0 T m—0 N(-mVd)e 7 (m2 — 62>l

Q.E.D

Appendix B: Comparison of the numerical methods
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Chesney et al. (1997) expressed the Parisian down and in call option as follows:

For K> ],

1 [0/0)
PDIC[x, T; ), K; 1, q] = e~ 2T f em (xe% — K)h, (T, y)dy
Bx)

for K<,

Bx)
[ f ™ (e — Kb, (T,y)dy |
2
PDIC[x, T;J,K;1,q] = e ~(r+gm T

\ f e™ (xe® — K)h, (T,y)dy /
B

1. K 1, ] 1 c? . N . .
where B(x) = gln;, c= ;ln o M= ;(r -q- 7), x is the initial stock price, K is

strike price, J is the barrier price, r is riskless interest rate, q is the dividend rate, and
T is the maturity of the option.

h,(T,y) and h,(T,y) are integrable functions with no closed form solution.
However, we can find the Laplace transform of h;(T,y) and h,(T,y). Bernard et al.

(2005b) used invertible functions to approximate h;(A,y) and h,(%,y). For

example, h;(A,y) can be approximated by YN, o ﬁ where «; is approximated

1 . . . . .
parameters. Because Z{‘Llaim is invertible, it is easy to approximate h,(T,y)

and h,(T,y) and find the option price.
Labart and Lelong (2009) employ the Laplace transform of different types of

Parisian options using the following formula:
1 a+ico .
f(t) = — j eSt(s)ds
21 J, o0

where a,t > 0.
We can approximate the integration above using the trapezoidal rule. Labart and

Lelong (2009) proved that the approximation is bounded.

Proof of Proposition 5. According to the definition of Laplace transform, we have
1 - o 1 -
Ep [e_(r_g+EmZ)Tb 1{TgsT}] - f e Ep [e_(r_ngEmz)Tb 1{Tgst}] at

_Ep[f (r-grgm? det]

let u=t—T,,
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Ep [e_(r_g+7m2)Tb 1{TgsT}] = Ep l f e Mu+Tp) g~ (r-g+7m?)T5 dul
0
= Ep [e‘(“r-g%mz)ﬂ? ] f M du
0
1 2
1exp<\/(7\+r—g+7m )b)
)
1 \/(?\+r—g+ m2 d)

exp(\/(?\+r—g+ m2 b)
¢<\/(A+r—g+%m2)d

can be find in the appendix of Chesney et al.(1997). Q.E.D

where

Ep [e—()\+r—g+%m2)Tg] _

Proof of Proposition 6. In the appendix in Chesney et al. (1997), the probability
density function of ZTE is given by

therefore,

b b— —b 2
Ep[exp((m + G)ZTE)] = j g(m+o)x 3 Xexp <— (Xz—d)> dx

It is easily to find

b b—x (x—b)?
(m+o)x ____ = 7
f_me 3 exp< >d >dx

= g(m+o)b <1 — (m+o)V2m e e N( (m + c)\/_)>
Q.E.D
Proof of Proposition 7. Using the same method in proposition 6, we can prove
proposition 7 easily.
Proof of Proposition 8. Using the same method in proposition 6, we can prove
proposition 8 easily.
Proof of Theorem 1. The MGV can be expressed as following equation:
M(0) = Eq[e " Ly1rz573] — PDOP[Ag, T; By, Lo; T, g]
1 —
+ Ep [e_(r+§m2)Tb exp{mZTg}min{LTt—),ATE}I{TgsT}] (A1)
The first term of the right hand side of equation (A.1) | is given by
Eq[e™Lr1irgsy] = e Lr(1 — Eq[1{rz<n)])
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where Eq[lr-<p}| is a digital Parisian down and in call which denoted by
DPDIC[A,, T; Ly; 1, g]. Therefore, EQ[e‘rTLTl{TE>T}] is given by
Eqle ™ Lrlrsom] = e "Ly (1 — L7{DPDIC[A, &; Ly; 1, 8]})

The second term of the right hand side of equation (A.1) is a Parisian down and out

put option. According to the in-out-parity, we have
PDOP[A,, T; By, Ly; 1, gl = BSP[A,, T; Ly; 1, g] — PDIP[A,, T; By, Lo; 1, g]

Recall Proposition 3

1 1 1
PDIP[Ao, T; By, Lo; 1, £] = AoBoPUIC | =, T g
0

;B—O,L—OI T,
therefore,
1 1 1
PDOP[Ao, T; Bo, LOI r, g] = BSP[Ao, T' LO' r, g] - AOBOPUIC [_1 T, Pl ¢ g]
Ap- By Lo
_I1 1 1
= BSP[Ao, T Loj 1, g] — AgBoL ™ {PUIC|-—, T, —img .
Ag- By Lo
The third term of the right hand side of equation (A.1) can be decomposed in two
parts.
For n <1,

1 -
Ep [e‘(”fmz)Tb exp{mZr; min{Lr;, ATa}l{TgsT}]
1 _
= AOEP [e_(r_g+§m2)Tb exp((m + G)ZTE)]‘{TEST}]

1 _
= AyEp [e‘(r—g+§m2)Tb 1{TgsT}] Ep[exp((m + G)ZTE)]

In Chesney et al. (1997), they prove Zr- and Ty, are independent, therefore, the

last equality hold.

For 1<n < i,
1 —
Ep [e_(HEmZ)Tb exp{mZTg}min{LTg, ATg}l{ngT}]

1 5\
= AyEp [e‘(r—g+§m )Tb exp((m + G)ZTE)l{TEST}l{ZTESkl}]

—(r— +1m2)T_
+LoEp [e &2 b exp(mZTg) 1{TgsT}1{klsZTt—) sb}]

1 5\
= AoEp [e‘(r—g+§m )Tb 1{T{,ST}] Ep [exp((m + G)ZTE)l{ZTgskl}]

1 o\em
+LoEp [e_(r_g+§m2)Tb Ly sT}] Ep [exp (mZTE ) 1{klsZTg sb}]

where
e | e
Ep[exp((m + 0)Zr; )], Ep [exp((m + G)ZTE)l{ZTt—)skl}]’ and

Ep [eXp(mZTE)l{klsth—)sb}] are calculated in proposition 6 to 8. Q.E.D
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From: Takau Yoneyama [mailto:takau yoneyama@ybb.ne.jp]
Sent: Saturday, April 09, 2011 8:59 AM
To: bchang@nccu.edu.tw

Cc: Takau Yoneyama; t.yoneyama@r.hit-u.ac.jp
Subject: APRIA445 Acceptance, 9 April 2011

Dear Professor Shih-Chieh Chang,
| am pleased to inform you that your paper, “An analysis of the bankruptcy cost of

insurance guaranty fund under regulatory forbearance” , APR445 has been accepted
for presentation at the 2011 Asia-Pacific Risk and Insurance Association Congress to
be held July 31 - August 3 at Meiji University, Tokyo. Please inform your co-author(s)
of this acceptance, and be aware that the deadline to submit a complete paper is June
5.

All authors are encouraged to register for the Annual Congress by the early bird
deadline of perhaps May 30. If you are unable to register by the deadline, please
email t.yoneyama@r.hit-u.ac.jp prior to that date to confirm that you are still planning
to come and will register at a later date. Otherwise, your paper may be removed from
the program. If at any time you determine that you will be unable to attend the Annual
Congress, please email as soon as possible, so that we can make necessary changes to
the program.

Congratulations, and I look forward to seeing you in Singapore.

Regards,

Takau Yoneyama

Chair, APRIA Review Committee

Takau Yoneyama

Professor of Risk Management & Insurance

Faculty and Graduate School of Commerce and Management,
Hitotsubashi University, Tokyo.
yoneyama@flute.misc.hit-u.ac.jp
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