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Abstract

Depending on the point of time and location, insurance companies are subject
to different forms of solvency regulation. In modern regulation regimes, such as
the future standard Solvency II in the EU, insurance pricing is liberalized and
risk-based capital requirements will be introduced. In many economies in Asia
and Latin America, on the other hand, supervisors require the prior approval of
policy conditions and insurance premiums, but do not conduct risk-based capital
regulation. This paper compares the outcome of insurance rate regulation and risk-
based capital requirements by deriving stock insurers’ best responses. It turns out
that binding price floors affect insurers’ optimal capital structures and induce them
to choose higher safety levels. Risk-based capital requirements are a more efficient
instrument of solvency regulation and allow for lower insurance premiums, but may
come at the cost of investment efforts into adequate risk monitoring systems. The
paper derives threshold values for regulator’s investments into risk-based capital
regulation and provides starting points for designing a welfare-enhancing insurance
regulation scheme.
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1 Introduction

Risk-based capital requirements are an increassiglyificant aspect of insurance company
regulation. Capital regulation is intended to keke risk of corporate default at a certain
level, thus reducing market inefficiencies causgdirtformation asymmetries and agency
conflicts between policyholders and the insurer igtuand Smallwood, 1981; Filipovic et
al., 2009). Different forms of risk-based capitadjuirements have been introduced in Canada
(1994), the United States (1994), Japan (1996)trAliess (2001), the United Kingdom (2004),
the Netherlands, and Switzerland (2006). In the opean Union, risk-based capital
requirements will be implemented under the futungurance regulation system Solvency Il
beginning in 2013. Comparisons between differemmto of capital standards, especially
between the U.S. system and Solvency Il and Svatzdis SST, have been made by Eling et
al. (2007), Holzmidiller (2009), and Cummins and Ijfsl(2009). Some of the most important
differences between the capital standards studiediie model complexity and estimated
implementation efforts, their accuracy and risks#enty in economic crises, and the risk of

misleading incentives.

The supervision of policy conditions and premiuresahad been the usual form of insurance
regulation in the European Union, until insurancarkets were deregulated by the Third
Generation Insurance Directive in 1994. Today, l&guy intervention into insurance pricing
and product design is widespread in most markefssa and Latin America (OECD, 2003),
and also in some particular lines of insurance entain U.S. states (Tennyson, 2007).
Depending on the state and the period under camaside, regulated prices in the United
States are found to be either higher or lower thagonstrained prices (Cummins et al., 2001;
Harrington, 2002; Grace and Phillips, 2008).

The economic justification for regulatory maximumcps (ceilings) is based on consumer
search costs and reduced competition, which inersasireholder market power and may
cause excessive profit mark-ups on the premium r{kgon, 1992). Minimum prices

(floors), in turn, aim at preventing “go-for-broketrategies and “destructive competition”
and thus act as instruments of solvency reguldtioskow, 1973; Hanson et al., 1974; Grace
and Klein, 2009). Even though the reasoning belgnde floors implicitly builds on an

interaction between price regulation and insureegital structure decisions, there is little

theoretical evidence in support of this relatiopshindeed, several important questions are

! Existing approaches are discussed in Section 2.
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unaddressed by the extant literature: Are risk-thasgital requirements more efficient than
price floors for solvency regulation of insurancempanies? If so, to what extent should
regulators invest in risk-based regulation systedges it make sense to have capital

requirements and set minimum prices at the same?tim

This article presents an innovative approach tckimgrout the interdependence between risk-
based capital requirements and pricing constrastsistruments of insurance regulation. By
comparing the insurer’s best-response functionguddferent regulatory regimes, the model
derives implications for designing a welfare-enhiagaegulation policy. It explains to what
extent risk-based capital requirements are supedoprice regulation, and under which

conditions capital requirements and price regutatian appropriately coexist.

The model set-up considers a stock insurer thatilsameously decides on its initial equity
endowment and the price it will charge for insuewnmder a shareholder-value maximizing
strategy. Shareholder equity endowment causesofraitcosts, such as corporate taxation or
agency problems. The outcome of consumers’ buyingsid® is modeled by a two-
parametric insurance demand function, reacting hen ihsurance price and the insurer’'s
default risk (quality). In an environment with negulation or no binding regulatory
requirements, the insurer determines its optimiatgadevel by balancing the demand reaction
against the costs of risk management. The lattdudie the frictional costs of equity as well
as change in limited liability protection. Basedtba outcome of this tradeoff, the insurer sets

a SHV-maximizing premium.

Risk-based capital requirements and pricing comgsrainfluence the insurer's tradeoff
different ways. As a binding price floor raises extpe profit per insurance contract, the
insurer will wish to increase sales and therefoile alioose a higher safety level than in the
unregulated case. Risk-based capital requirementghe other hand, set the safety level
directly, and the insurer will figure out the comaiion of equity endowment and premium
income that meets the requirement most efficientlyturns out that risk-based capital
regulation has an efficiency advantage over pregulation that increases shareholders’ as
well as policyholders’ benefits. Quantifying thdsenefits enables to determine a threshold of

regulatory investment in a risk-based regulatidreste.

The remainder of the paper is organized as folld®estion 2 takes a look at the relevant

literature and places this article within this bodfy work. Section 3 presents the model

framework. Section 4 derives insurer best respduasetions to regulatory constraints. In

particular, we determine the shareholder-value meing equity price combination when the
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insurer is subject to risk-based capital requiresieits optimal safety level and equity
endowment if subject to a binding restriction osurance pricing; and, finally, its optimal
strategy if no constraint is binding. Based on ¢hessults, we compare the influence exerted
by each regulatory measure. Section 5 illustrdtescéntral results with a numerical example
and provides graphic interpretations. Section @uwdises the results in light of the main

assumptions. Section 7 concludes.

2 Literature Overview

In the early theoretical literature on capital stawes for insurance companies, the insurer
faces an exogenous premium that is independemsofrer default risk (cf. Borch, 1981;
Munch and Smallwood, 1981). The insurer choosesoéitymaximizing equity level by
finding a balance between gains from risky investiseinder limited liability protection and
the chance of profitable projects in future periddsthis setting, the optimal capital structure
is a corner solution: either the insurer holds quity at all, or holds enough equity to rule out
any default risk. If the regulator allows higheicps, or if there is a lack of competition,
insurers’ future profits increase, and the pergafety strategy becomes more probable. In a
similar context, MacMinn and Witt (1987) show thasurers facing a pricing constraint
choose a less risky investment strategy if regudastiow higher prices. McCabe and Witt
(1980) show that price ceilings induce insurersxtend the settlement period and thus lower

product quality.

Rees et al. (1999) extend this strand of the hieeaby incorporating consumer reaction to
insurer default risk. Their model environment camdaa single consumer who is perfectly
informed about insurer default risk and an inswéo offers insurance at the consumer’s
reservation price. Additionally, the insurer isabd hold equity without facing transaction
costs. The model implies that insurers will holdfisient equity to avoid any default risk,

even if prices are reduced to the fair premium maael of Bertrand competition. However,
the insurer will decide on a positive default rigkolding equity is costly. Such costs may
result from regulatory restrictions on the insuservestment portfolio (Rees et al., 1999),
from corporate income taxation (Froot and Stein,8)98r from conflicts of interest between
managers and owners (Jensen and Meckling, 1976& &ad Muermann, 2010). The insurer
will then choose its value-maximizing safety lebgl balancing consumer willingness to pay

for high-quality insurance against the transactmosts of risk management (cf., e.g.,
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Cummins and Sommer, 1996; Cummins and Danzon, I@8jani, 2002; Froot, 2007; Laux
and Muermann, 2010; Zimmer et al., 2010). Workrtgkihis approach neither accounts for
insurance pricing constraints, nor conducts a cois@a between different insurance
regulation schemes. This article extends the tileeaon insurers’ capital structure decisions
by explicitly incorporating regulatory restrictiorend insurer best responses. The model
employs an option pricing technique (OPT) for priciinsurance contracts with insurer
default risk (cf., e.g., Doherty and Garven, 198Gmmins, 1988; Phillips et al., 1998; Myers
and Read, 2001; Grindl and Schmeiser, 2002, 200&riS, 2006; and lbragimov et al.,
2010).

The paper also contributes to financial theory, alvhtypically explains the interaction
between price regulation and a firm’s capital duite by means of a “bargaining” that takes
place between the regulated firm and the regul@faggart, 1981; Dasgupta and Nanda,
1993; Spiegel and Spulber, 1994). This sort of rhqaedicts that firms subject to price
regulation will increase their insolvency risk se ® induce regulators to choose higher
output prices. If regulatory prices do not dependai predictable way on firms’ capital
structures, price regulation should be irrelevantapital management (Taggart, 1981, p. 385
f.). Spence (1975) provides an analysis of theaateon between price regulation and product
quality. The model explains that rate-of-returnul@gon can push product quality toward the
social optimum, especially if quality is a capiteing attribute and the profit-maximizing
level of quality is low. Allowing for a higher raiaf return will increase the level of quality.
Our paper extends this literature by examining itifeience of regulatory constraints on
insurer safety levels, which, in our framework,mde with product quality. Compared to
the existing financial literature, we find a simpéxplanation for this interaction, and provide

comparisons between capital and price regulation.

3 Modd Framework

We formulate the approach in a parsimonious framkwmuat allows describing the insurer’'s
responses to regulatory constraints via closed-&whations. Several extensions of this set-up
are discussed in Section 6. The model incorpotthtes types of actors: the regulator, who
imposes restrictions on insurer safety levels amkegr an insurer with limited liability, who

chooses an allowed safety level and insurance pmxker an objective shareholder-value



maximization strategy; and a heterogeneous groupoosumers, who make their buying

decisions based on these figures. Actions and fmtake place in the time interval [0, 1].

Shareholders are risk neutral and evaluate thairdypayoffs via an arbitrage-free valuation
operatory (cf. Doherty and Garven, 1986). At time 0, shatééixs endow the company with
equity in the amount df. Due to acquisition expenses, corporate taxatiod,agency costs,
equity endowment is accompanied by up-front fricdioonosts, which are modeled by a

proportional charger =0(cf., e.g., Zanjani, 2002; Froot, 2007; Yow and r8ke 2008;

Ibragimov et al., 2010). At time 1, insurance Isss®cur in the amount ot,, and

shareholders receive the insurer's remaining eqcrilay>{A—L1;O} under limited liability

protection. The insurer’s target is to maximize rile¢ shareholder value:
SHV=Wmax{A -, .0 -K. (1)

Consumers face future losses at time 1, and canirlawyance at time 0. The number of
concluded contracts is modeled by a two-paramegimand functiony(P,dr), where p is

the insurance premium, add is the default ratio, which measures the insursafety level
in terms of the value of defaulting claims per doll of initial liabilities:

dr = LIJmax{IL_l—AL;O}

2 The demand function may represent the outcomeonsumers’

decision making in either the absence or the poesehalternative offers from competitors, it

may account for information asymmetries, and tkeeeefew restrictions regarding its shdpe:
we assume a finite number of potential customees,y(O,O)<00, that demand is continuous,

twice differentiable, and strictly decreasing inlbds arguments.

The insurer’s initial assets are comprised of pugmincome in the amount gf(p,dr)[p and
equity endowment net of frictional costs, i.é, = yEp+(1— T)EIK. The arbitrage-free value

of each contract’s claims is denoted hy, and hence the insurer’s initial liabilities are

2 The default ratio is frequently used when insueapcicing builds on option pricing techniques (c.g.,
Sommer, 1996; Myers and Read, 2001; Grundl and 8isem 2002; Gatzert and Schmeiser, 2008; Ibragimov
et al., 2010). It is incorporated as a parameteimfsurance demand, e.g., by Cummins and Danzd®i/j1&nd
Yow and Sherris (2008).

% If consumers can hardly distinguish between inssaéety levels,y will react weakly to default risk, angly,

may be close to zero, wheregg, may be large if insurer default risk is observabheexperimental surveys,

participants accept insurance contracts subjedéfault risk only at significant premium discou(igakker et
al., 1997; Albrecht and Maurer, 2000) or even catgdy reject them (Zimmer et al., 2009). Zimmerakt
(2010) provide an experimental estimation of theurance demand function that could be includedun o
model.

5



L, =yLi. The final assets and liabilities are assumededog-normally distributed and

stochastically dependent (cf., e.g., Yow and SkeftD08). Thus, the default ratio can be
evaluated using Margrabe’s (1978) formula for pareexchange option (cf. Cummins and
Danzon, 1997; Phillips et al., 1998; Myers and Re&d1; Sherris, 2006; Ibragomov et al.
2010)#

dr(s,0) = d(z)-s@(z- o), )

with s=A,/L, the initial asset-liability ratio,J:\/a§+af -2po,0, the portfolio

volatility, p the correlation between the log asset return badog growth rate of liabilities,

ro=r o .
z=—lln(s)+%+ - _*, and ® the cumulative distribution function of the stardia
o o

normal distribution.

With this model set-up, we can easily formulateitisairer’'s objective SHV depending on the

decision variables pricp and default risk levetlr. According to Equation (2)dr(s,a) IS

continuous in both its arguments, strictly decnegsand strictly convex in. Thus,dr(s, U)
is invertible with respect t@, and by using the corresponding inverse, we camess each
default ratiodr in terms of a corresponding asset-liability rats(dr,a). SHV can be rewritten

as a continuous function @r andp:®

SHM(dr, p) = yEEp—uE(ﬂ-dr)-rrrﬂﬁuE%(dna)- p]] (3)

4 Insurer Reaction to Regulatory Restrictions

4.1 Risk-Based Capital Requirements

In a first step, we consider a binding rule thatniets the insurer’'s default ratio to the level

dr®®. The regulator could set up such rule as a riskethacapital requirement and demand

* This representation is consistent with Cummins Radzon (1997, p. 35 f.) and Phillips et al. (1988631 f.),
who assume the markets for asset and insurance toske complete. Since markets for insurance rasks
typically subject to stronger information asymmedrand hence are less widespread than marketssfoaince
assets, we require completeness only for the assddet; the market for insurance risks may be ingete.

® For the derivation, see Appendix A.1.



insurers to hold enough equity such that the defatib does not exceedr' .® The insurer

will optimally respond by adjusting its equity-prenm combination as follows:

Lemma 1. Suppose that risk-based capital requirements cestré default ratio todr™®.

Then the insurer will choose the following combiaatof equity and insurance priée:

K*(drreg):y[ﬁy@(drreg,a)—y[(&—drreg)—%% (4)
p

p*(drfeg)=,u[(ﬂ—dr'eg)+r[ﬁ,uE'l;(dr'eg,a)—p[(i—drreg))+_i ,

Arb.-free valueof Transferof frictional costsof equity y p (5)
insuranceclaims Profvit

mark-up

wherey is evaluated at the poifr'?, p’(dr')).

reg

The pricing formula based on the regulatory reqlidefault ratiodr™ consists of three
components: (1) the arbitrage-free value of clapagments to policyholders, which are
adjusted for insurer default risk; (2) a premiunargje that transfers frictional costs of equity
endowment to policyholders; and (3) a profit markthat is always non-negative. If demand
is perfectly price elastic, the last componentgea to zero, the second component matches
the frictional costs of equity endowment per insgea contract, and the net SHV is zero. If
demand is imperfectly elastiche profit mark-up will be positive, and the secamthponent

will exceed the insurer’s frictional costs:

Tm(drreg,a)_ﬂ[@_drreg))=T%K*(dr'egh Loy [ )

y 1-17 -y, y

® This concept is similar to the Solvency Capitab@eements (SCR) under Solvency II, which buildstbe
value at risk and restricts the annual ruin prolitgbio 0.5%. As Gatzert and Schmeiser (2008) shthe,
insurer’s default option value can differ substalhtj even though the value at risk is binding, ethprovides
the insurer with an arbitrage opportunity. T avtié adverse effect, we suppose that the regutetquires
insurer capitalization based on the insurer's ptidfrisk, and a regulatory specified default raéie the
confidence level. For multiline insurers, this pedare is also proposed by Myers and Read (20@B65f).

" For convenience, we assume throughout the papgrtiie optimal equity position is non-negative,,i.e
< (ars)> 0.

8 This case is in line with assuming that the insoeamarket is monopolistically competitive. Sinostirers
acquire information during the relationship with lipgholders, and hence policyholders cannot switch

costlessly to a competitor, this market form issidared more realistic in insurance markets (se®dy and
Doherty, 1990).
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This is because profit mark-ups themselves adti¢drtsurer’'s assets and lower its required
equity. Therefore, the optimal loading on the iaswwe premium exceeds the “traditional”
price loading, which only refers to the price irstleity of demand, and the insurer saves
frictional costs of equity. In total, under a bindicapital requirement, shareholders will

receive a positive net SHV if and only if demandngerfectly price elastic.

The price formula in Equation (5) explains why irswe prices should be inversely related
to insurer default risk (in competitive as welliasmonopolistic markets). First, the insurer
faces less expected payments to policyholders,shadeholders have more limited liability
protection. Second, a higher default value alloarsléss equity endowment, thus decreasing
frictional costs. This basic relation between saf@bd price is in line with the empirical
finding of Sommer (1996).

4.2 Pricing Constraint

reg

We next explore the insurer’s response to a bingmgng constraintp ™ and nonbinding

capital requirements. This situation may occuthé tegulator seeks to ensure solvency by
imposing restrictions on insurer products and pggyolicies rather than by capital regulation.
It may also be the case if capital regulation sdad the insurer is able to adjust its safety
level, but is unable to demand the monopoly preeg.( due to regulatory price ceilings, or

subsidized competitors offering comparable insugazentracts below the monopoly price).

The insurer reacts to the regulatory pripé€® by adjusting its equity endowment, and hence

its default ratio. The optimal adjustment is spedifby the first derivative of SHV with

regard todr:®
ﬂtﬁpreg—uE(ﬂ-dr)-LEﬁuE‘s(dr)-p’eg]}yﬁu-ywﬁ—r 2% -0, )
odr 1-1 1-7 odr

This equation represents the tradeoff the insurake® when deciding whether a marginal
increase oflr is preferable. The first term is negative and messthe marginal lower profits
due to lower demand for higher default risk. Theosel term is positive and represents the
value of limited liability expansion. The third terreflects marginal savings of the frictional

costs of equity, as a higher default ratio allowrsd lower asset-liability ratio.

® For this purpose, fixp at p'9 in Equation (3).



As the solution of Equation (6) in terms @f would not be comparable with the result in

reg

Equation (5), we will instead derive a represeantafior that pricep ™ that will induce the

aim

insurer to aim at a certain default ra . Reordering Equation (6) implies that the

corresponding pricgd™® can be written as

preg(draim):,u[([L—dra"“)+r[ﬁu&(draim,a)—,utfll—dra"“))+/,1[E1—TEE1+:—dSDEIL , (7)

r ~ Yar

Arb freevalueof Transferof frictional costof equity
insurancelaims

Requiredoading

where y andy,, are evaluated at the poi(dra"", p'eg(draim)). If the regulator fixes prices at
pre (dra"“), the insurer will optimally react by choosing thefault ratiodr®™.

Comparing Equations (5) and (7) reveals trpﬁ(drreg) and preg(draim) are very similar in
structure. The first two premium components arentidal and represent the arbitrage-free
value of actual claims payments and the transférnaifonal costs of equity endowment. The
third component of Equation (7) describes the puvemioading the regulator needs to permit
SO as to induce the insurer to choose the defatiti dr. Equation (2) implies that the first

factor, ,u[El—r[ﬁH:—dSD, Is always non-negative and strictly decreasingtl'rr"iim.10 The
r

y

ydr

second factor >0, represents a mark-up the extent of which dependbke default risk

sensitivity of insurance demand.

preg(draim) is well-defined for any default ratio as long here is some reaction of insurance
demand, i.e.)y,, <0. Hence, regulators may induce insurers to chongeaegulatory desired
safety level by setting an adequate pricing coimgtréf demand is perfectly sensitive with
regard to default risky,, =—o0, the third premium component collapses, regulatalisnot

permit a profit mark-up on the premium, and the Sidi/ will be zero. This scenario may be
realistic if prices are exogenously fixed, conswsnare perfectly informed about insurer

default risk, and homogenous insurers compete @ilitguSimilar to the classic Bertrand

10 Since

adr(so) . 1 as(dro)_(adr(so)) " .
s D(O, 1] aar 3s only takes values smaller or equal to —1. Sidcés, o)

is strictly convex ins, s(dr,a) is strictly convex indr, and hence% is strictly increasing irdr.
r
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model, in equilibrium, insurers will attain a deflatisk level such that their risk management

costs are just covered at the given price.

If demand is less than perfectly elastic with relger default risk, regulators must allow a

aim

profit mark-up to achiever™™, and shareholders will receive a positive net SNute that

preg(dr) does not depend on the price elasticity of demamd, regulatory prices are

determined irrespective of the profit mark-up oa timregulated premium.

These observations have important implicationspioce regulation at the “fair” premium,
which is frequently invoked in order to prevent essive profits for shareholders and is
proposed by Doherty and Garven (1986) in an OPmdraork. In our setting, the “fair”
premium is specified by

pfair(draim):ﬂ[@l_draim)_'_Z_[ﬁluﬁ(draim,a.)_ﬂ[(i_draim)).11

Arb freevalueof Transfenof frictionalcostf equity
insurancelaims

The “fair” premium accounts for shareholders’ liedt liability protection as well as the
frictional costs corresponding to the specifiedadéifrisk leveldr®™, and implies that SHV

is zero. However, unless demand is perfectly @agith regard to default risk, or regulators
restrict insurer default risk by means of other sueas, rate suppression to the “fair”

premium induces the insurer to deviate froif"™ and to increase the default ratio:

aim

Proposition 1. Assume that there are no capital requirements atlével dr*™, and that
y,, <. Confronted with a pricing constraint at the “faipremium p™" (draim), the insurer

aim

will choose a default ratio that is strictly hightévan dr*™.

In particular, the “fair” premium causes a defausk increase even if insurance demand is
perfectly elastic with regard farice, and p™" (dra"") would be the insurer’s optimal choice if
the default ratio were restricted t®™ . Empirical observation of regulatory rate suppi@ss

inducing insurers to lower their capital levels @ndake higher default risk is provided by
Klein et al. (2002).

M For applications and modifications of the “faileprium” concept based on OPT, see Myers and Redd )20
Sherris (2006), as well as Gatzert and Schmei€i82 Using the Capital Asset Pricing Model, ragulation
with fair profit margins for shareholders has bgeoposed by Biger and Kahane (1978), Fairley (19Ad)
(1979), Hill and Modigliani (1987), and Myers andi@ (1987).
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4.3 No Binding Constraints

To discover whether capital and pricing constraars binding, or whether the insurer will
over-meet a requirement, let us take a look atrtherer's SHV-maximizing strategy in the
absence of any constraints. Since Equation (5pval from the FOC for pricing, and

Equation (7) from the FOC for default risk, theurer’s optimal strategy in the absence of

binding constraints is found by solvimj(dr*): p'eg(dr*), which is equivalent to

L:ME [EHEDGL
_yp ad ydr

U- rﬂz[ﬁh—j Yar (8)

P

or

Here, the LHS represents the value of the extensibrshareholders’ limited liability
protection (the default put option) as well asrdduction of frictional costs, given a marginal
increase of the default ratio. The RHS measuresdhg@int reaction of insurance demand to
a marginal change in default risk and the corredpmnchange in price, as transaction costs

for risk management are transferred to policyhaddsee Section 4.2). Proposition 2 provides
a representation of the optimal asset-liabilityora . Insertings into Equations (2) and (5)
leads to the insurer’s optimal strate(gy*, p*) in this situation.

Proposition 2. In the absence of regulatory constraints, the FOCtiie default ratio implies
that the insurer optimally attains the asset-lidtlgiratio

5 (x)= ex;{—a@b‘l[x] R j

Ty u

, and @ " the quantile function of the standard normal distition.
Yo —(L=7)Y,H

with x =

By investigating the components sf it is possible to discover under which conditiadhe

insurer has an incentive for safety. First, we assa >0 and consider the parameters of the

11



demand function. A necessary condition Br>1 is %>1+%, meaning that demand
p

reacts more strongly to default risk than to pffcéntuitively, insurance demand rewards
safety and accepts that transaction costs fomngkagement are transferred via premiums. If
this condition is not met, the insurer will wishhold no equity at all. Such a scenario may be
realistic if insurance buyers are protected by argutee fund or assume government bailouts.
It is also the case if demand is perfectly sensitiith respect to price, but not with respect to
default risk, e.g., because consumers can perfettherve prices and prefer the cheaper
product, but do not have sufficient information aboontract quality. Again, the insurer has
no incentive for safety, and capital requirementsalways be binding.

In the opposite case, |e;/L:u - o demand is perfectly elastic in default risk, hot so in
p

price. The insurer then seeks to avoid any defahf i.e., S tends to infinity (as does the

price). Capital requirements and price floors wvallways be nonbinding and solvency

regulation is unnecessary.

7 . .
Next, let us assume thay% >1+§, and consider the border case- 0, meaning that the
p

insurer is able to hold unrestricted equity withowdurring transaction costs. In this case, it
will choose to hold an infinite amount of equitya®to avoid all default risk. Again, capital
requirements will always be nonbinding. Price feoaran be binding, but will have no
influence on the insurer’s safety level. In summaryositive default risk is optimal only in
the presence of frictional costs of equityX0), whereas indirect costs of capital related to
the risk premia that shareholders demand for bganndiversifiable risks do not solely imply

insurer default risk.

4.4 Comparisons

Based on the previous results, we can make congparisetween regulatory constraints and

derive policy implications. Assume that the insigestrategy in the absence of regulatory

2 In particular, — Yy, < ~Y, 4 would mean that consumers prefer a 1-Dollar premuction to a 1-Dollar
DPO reduction.

13 This result is consistent with Rees et al. (139%1), Zanjani (2002, p. 288), and Froot (2002298).
12



constraints is uniquely characterized by the FOE&guation (8), and les , dr’, and p
denote the optimal asset-liability ratio, defaaitio, and price, respectively. Furthermore, let
p() denote the insurer's optimal price in response tgiven default ratio according to

Equation (5).

Assume that the regulator seeks to restrict thaudefatio todr™™ D(O,dr*). The following

proposition allows the comparison of capital andcgrrequirements as instruments of

solvency regulation.

Proposition 3. Let dra"“D(O,dr*J be the regulatory desired default ratio. We have
p* (draim)< preg(draim).

Proposition 3 highlights several essential findinie enhance insurers’ safety levels, the

regulator must require a price floor above the gulaed price, as
preg(dr"’“m)> p*(dra"“)z p . The reasoning behind this is that the price flomises the

insurer's expected profits per contract, and thusvides the insurer with an incentive to
attract a larger number of customers by choosihglaer safety level. However, Proposition
3 also implies that risk-based capital requiremesmts a more efficient instrument for

solvency regulation than price floors, and allow limver insurance prices: confronted with
risk-based capital requirements at the legle M<dr’, the insurer responds by choosing the
price p*(dra""), which is lower than the price floop’eg(dra‘m) that the regulator needs to

impose to achieve the same safety level in termmioé regulation. The intuition behind this
is that risk-based capital requirements enable itlseirer to choose the most efficient
combination of equity endowment and premium incqsee Lemma 1), and a part of the
ensuing efficiency gain will be transferred to pgholders. Not only policyholders, but also
shareholders prefer risk-based capital requiremews price regulation, as the price floor
leads away from the SHV-maximizing equity-premiuombination provided by Lemma 1.
Intuitively, the price floor allows for higher piitg per insurance contract, but it cuts demand,

thus decreasing shareholder value.

If the regulator employs both capital requiremeantd pricing constraints, price floors can be
ineffective with regard to insurer safety levelsem though they are binding and make

aim

insurance more expensive. Suppose the regulaticteghe default ratio to the levelr

13



by means of a risk-based capital requirement. Theath price floor in the interval

(p* (draim), preg(dr"’“m)) is binding and increases the price of insuranaedbes not induce the

insurer to seek a default ratio belot®™. In fact, the insurer will countervail the higher
premium by choosing less initial equity endowmeat pontract in order to maintain the

aim

default ratiodr™™. Thus, the price floor reduces the insurer’s pidéno shift risks from
policyholders to shareholders, and risk is instgaead among policyholders. Policyholders
are worse off with this kind of price floor, sindeonly makes insurance more expensive; at
the same time, the price floor causes a loss afevir the shareholders since it dissuades the

insurer from the SHV-maximizing strategy. Howevemnce the price floor lies above

preg(dr"’“m), it overrules the capital requirement, and effedti enhances safety.

Let us take a look at the distanqﬁeg(draim)— p (draim), and its influencing factors. This

distance measures the efficiency advantage andlsyithe maximum cost at which
implementing risk-based capital requirements idl gireferable to price regulatiof.
Furthermore, the larger the price distance, theentigely are binding, but ineffective, price

floors.

Using Equations (5) and (7), we can rewrite thgtlerof this interval as

ap=preofarem)-p'(are)= [EH[E“ Gadsrj] =y, _'j’;’ |

Requiredoadingon pricefloor Profit
mark-up

The expression can be easily solved for some carases. If price sensitivity of demand

becomes large, i.ey, — —, the insurer tends to offer insurance at the gagmium, and
profit mark-ups disappear. The required price fldmwever, is unaffected by,, and hence

the efficiency advantage of price floors increasasthermore, there is a larger interval in

which price floors are binding, but do not affeatety.

14 Assume that all implementation costs will be babgensurance market participants, and that therarswill
pass them on to policyholders.
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If default sensitivity of demand becomes largg, (t ), price floors require lower profit mark-

ups to be effective, and thus the interval becostester™ Likewise, as the insurer's self-

interest in solvency increases, capital requiresbatome less efficient.

5 Numerical Examples

5.1 Modd Parametersand Results

We now use a numerical example to more graphidalistrate our results and to examine the
influence of parameter changes. For the assetdiabnodel, we employ the following

parameterization® u =250, g,=%%, g, =20, p, =0, andr, = 0%. For the insurance

demand function, we use the function that showedhtbst fit in an experiment involving

insurance purchase behavior in the presence ofidefsk (see Zimmer et al., 2010):
y(p.dr)=ntexd- f, Ch- f, dr), (9)

where n adjusts the market size, ahg f, measure demand sensitivity to price and default

risk. This type of function impliesiyzi and %:i and thus all equations
- p p ~ Yar d

describing the insurer’s best response functioasckrsed-form solutions (see Equations (5),
(7), and (8)). For the carrying chargeand the parameters of the demand function, weyappl

different values and examine their influence. la Hase scenaria, =1, fp = 72%, and
f, =407

According to Proposition 2, in the case of no ragah, these parameters lead to a default

ratio dr =10% and p’ =26954 (Fig. 1, Point C). The insurer's reaction to cabind

° At extremes, i.e., foryy, — % and Y, <%, the insurer tends to set its default risk to zesapital
requirements are always non-binding, and pricerfi@we always effective.

® The parameterization of the asset-liability moftdlows the empirical study of Yow and Sherris (890
O =S is consistent with the estimated volatility paréenef their asset model (cf. Yow and Sherris, 2008

pp. 306-308), =250 and o, =20% may represent the expectation value and volatiityliability

insurance claims (cf. Yow and Sherris, 2008, p.)388 the measures in the subsequent analysis bnitisk-
neutral valuation, we can omit the drift rates urelapirical probabilities.

' Under the insurer's SHV-maximizing equity-pricentmination, this parameter set implies that the gric
elasticity of demand is equal to 19.41, and thauléklasticity is equal to 0.4, both of which amnilar to the
empirically estimated parameters in Yow and Sh€ép@8, p. 318).
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price regulation is illustrated in Figure 1. Thesklead line describes the insurer's SHV-

maximizing price corresponding to a given defaatia (see Equation (5)). If the regulator

restricts the default ratio by means of risk-basagital requirements talr'® = 05%, the

insurer will set the price at 272.91 (Fig. 1, Pat The solid gray line gives the price floor

necessary to induce the insurer to set the defatitt todr (see Equation (7)). To achieve a

default ratio of 0.5%, the regulator needs to regaiprice floor of 280.42 (Fig. 1, Point B).

The numerical example reflects the theoreticallte$tom Section 4:

To achieve the default ratio 0.5%, risk-based ehpiquirements have an efficiency
advantage over the price floor, resulting in a poem reduction of

Ap = p™°(05%)- p’ (05%) = 751.

If the regulator restricts the default ratio to%.by means of capital requirements, each
price floor in the interval [272.91, 280.42] is bing, but does not induce a higher safety
level.

If the regulator restricts the price to the faieqmium corresponding to the default ratio
0.5%, p™" (05%)=25902, and does not enforce capital requirements, theréam wil

increase the default ratio to 2.37% (Fig. 1, PBint

Figure 1. Insurance prices depending on default ratios udifi@rent forms of regulation
(base scenario).
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5.2 Threshold for Investment in a Risk-Based Regulatory Scheme

In the base scenario, the premium under risk-baapial requirements is lower by 7.51 than
the corresponding price floor. Assume that theentrsolvency regulation system is based on
price floors, the costs of regulation are bornepblicyholders, and insurance contracts are
homogenous. In this environment, changing to a-bbesked capital requirement system of
regulation will be advantageous to both policyhotdend shareholders if the regulator invests
up to 7.51 per contract (or 3.0% of insurance litid$) in such a scheme. Let us take a look
at the influences of the surrounding parameterardegg the price distance between capital
and price regulation that justifies the threshald the regulator’s investments in risk-based
insurance regulation. Figure 2 illustrates thatramease of the default sensitivity of demand

from f, =40to f; =50 causes the threshold to shrink to 3.2 per con{fa8®s of insurance
liabilities). This is because consumer default gty provides the insurer with a stronger

incentive for risk managemend(* decreases) and the regulator only needs to sqirite
floor at 276.1 to achieve the default ratio 0.5%ceWersa, the threshold enlarges to 5.9% of

liabilities if default sensitivity is onlyf, =30 (see Table 1). In this case, policyholders have

less power to control insurer default risk, makaagital regulation more justifiable.
17



Figure 2. Insurance prices depending on default ratios udifi@rent forms of regulation
(default sensitivity of demand changing frofp =40 to f, =50).
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Table 1. Threshold for investment in risk-based capitautagion (dr*™ = 05%, f,=72%,
r =10%).

Default sensitivity fq 30 35 40 45 50
Insurer strategy in absence of regulation

= Default ratio dr’ 1.8% 13% 1.0% 0.8%  0.7%
- Insurance premium  p’(dr’) 265.6 268.0 2695 2706 2715
Insurance premium if default ratio restricted to 0.5%

- Capital regulation p (05%) 272.9 2729 2729 2729 2729
= Price regulation p"9(05%) 287.5 2835 280.4 278.0 276.1
Efficiency advantage of capital regulation over price regulation

'(zg'ggl L?t'g)tance p"*?(05%)- p’(05%) 146 106 75 51 32
- Price distance p"%(05%) - p* (05%)

0 0 0 0 0
(in % of liabilities) 7 5.9% 4.2% 3.0% 2.1% 1.3%

Figure 3 compares these results to scenarios wigheh price sensitivity of demand (

f, = 9.0% instead of 7.2%) and higher frictional costs(125% instead of 10.0%). Higher

price sensitivity induces the insurer to demand lowfit mark-ups on the premium if

default risk is controlled by capital requiremeniiisespective of the default sensitivity).

Hence, the threshold at which risk-based regulatbesomes superior increases by 1.1
percentage points of insurance liabilities. Aldotional costs of equity increase the efficiency
advantage of risk-based capital regulation, becthesensurer becomes more reluctant to hold
equity and aims at increasing default risk. Thefohe regulator must increase the price
floor to counteract this incentive, particularlydémand is only weakly default sensitive. In

the latter case, the threshold for investment sk-based insurance regulation is 7.9% (for
fy =30).
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Figure 3. Price distance (in % of liabilities) between inswe premium under risk-based
capital requirements and price floor correspondindefault ratio 0.5%.
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6 Discussion

The model framework shows how price regulationcffesafety level decisions by insurance
companies, albeit in a simplified setting. An iet®ging extension of our approach would be to
incorporate additional risk management instrumeimntsthe model. Besides collecting
premiums and raising equity funds, insurers typycalanage risk by purchasing reinsurance,
adjusting the duration between the asset and itbitash flows, and optimizing
diversification of the insurance portfolio. Thetéat aspect could be incorporated into the
present approach by allowing for multiple insurahoes. We expect that doing so will only
strengthen our results, since it provides the rsuith even better opportunities of ensuring
safety efficiently if default risk is regulated éatly by means of risk-based capital
requirements. Hence, price floors will become elems favorable. Our setting could also be
generalized by comparing risk-based capital statsdaith other regulatory restrictions, such
as investment guidelines or underwriting restrigsioSimilar to our findings in regard to price
floors, we expect that risk-based capital standaviisbe more efficient than these other
regulatory interventions because risk-based cagitaidards impose fewer restrictions on the
insurer’s risk management mix and allow it to cleotise most efficient way of ensuring its

safety.
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The paper also shows that in the presence of tapgairements, there is a price interval in
which price floors are binding and make insuranagerexpensive, but have no effect on
insurer safety levels. In this situation, priceofl® decrease both consumer welfare and
shareholder value and are thus detrimental to teédflare. One real-life example of such a
situation is the German endowment and private pensnsurance industry, where the
Ministry of Finance annually sets a maximum dis¢owuate for calculating actuarial
provisions. This restriction effectively servesaamsupper boundary for the guaranteed interest
rate or, conversely, as a minimum premium for eBdflar of guaranteed life insurance
benefit (price floor). Once the EU framework fosumance regulation, Solvency Il, comes
into force, German life insurers will be subjectitk-based capital requirements and will also
face restrictions regarding the guaranteed intaedss required by the German Ministry of
Finance, which are, in principle, the equivalentagbrice floor for the guaranteed insurance
benefits. According to our results, this interesderrestriction will be either ineffective with
regard to life insurers’ safety levels, or will axide, and thus make redundant, the Solvency
Il capital requirements. In either case, the resilltbe a less than welfare optimal. It would
be interesting to discover whether or not the ederate constraint is effective and, if so, how
the situation could be improved. These questions lsa answered by extending and

calibrating our model to a life insurance context.

7 Conclusion

This article compares insurers’ best responsesidk-based capital requirements and
insurance pricing constraints. Regulatory priceffoabove the unregulated premium increase
insurer safety levels, and thus work as a formobfency regulation. The reason is that price
floors aid the insurer in ensuring safety whileduwog less equity per contract, resulting in
more profit per contract, and thus, the insurel aitempt to attract more customers by
choosing less default risk. Risk-based capitaldsess turn out to be a more efficient way of
ensuring solvency. Given that regulation is achideu®y means of risk-based capital
requirements, insurers will choose the most efficiequity-premium combination that
ensures the desired safety level, and therefolteoftér insurance at lower prices. This makes
insurance attractive to a larger number of custepeausing that consumer surplus as well as

shareholder value are higher with risk-based reiguiahan with price floors.
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Risk-based capital standards are not without cedeadvantages, however. In particular, it
is easier for regulators to monitor compliance watlce floors or investment guidelines than
to make sure that insurers’ risk portfolios actyatieet the required safety level. In designing
a welfare-enhancing insurance regulation scheneebémefits of risk-based capital standards
must be weighed against their disadvantages. Byingathese benefits measureable, our

approach provides an essential design tool.

Furthermore, the article detects a serious pitfafrice ceilings at the “fair” premium. Even
though the “fair” premium takes insurer defaulkriato account and provides shareholders
with an adequate rate of return, it induces tharersto reduce its safety level, unless demand
is perfectly sensitive with regard to default riskle thereby provide a straightforward
explanation of the empirical analysis of Klein &t(@002), who observed that insurers that
are subject to price regulation hold lower capiakls than insurers in unregulated markets.
Price ceilings, that may result from regulatoryeratippression or the presence of subsidized,

therefore increase the necessity of regulatoryrobof insurer default risk.
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Appendix

A.1 Derivation of Equation (2)

Given the portfolio volatilityo and the default ratidr, the insurer’s asset-liability ratio must
fulfill

s(dr,a):%: ylp+(-7)IK. A

yLu
where the second equation follows from the defnitof Ay and L,. Solving Equation (A.1)

for K reveals the corresponding initial equity endowment
1
K== ylls(dr.o)tu=p) . (A.2)

WmaxL, - A 0}
SH\dr, p)=WmaxA -L,:0}-K

=W[A -L+mafL, -AG]-K
=A -L,+L,[dr-K

= yp+(1-7)K -y ufi-dr)-K
=yEEp—ﬂE(&—dr)—rTTE[1ﬂB(dn0’)—p]}-

Inserting this equation and the definitidin = into Equation (1) implies:

A.2 Proof of Lemma 1
. - a reg — N .
Equations (4) and (5) can be derived by solvgag SH\/(dr ,p)—O for p, and inserting the

result p (drreg) into Equation (A.2).

A.3 Proof of Proposition 1

Proposition 1 follows directly from inserting ™" (dra"“) into Equation (6):

dSHV(dr,p’eg)| -y 1-_T 98 |5
ddr (dra|mypfa|r(dra|m)) 1_T adl’

<0
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A.4 Proof of Proposition 2

The FOC for the strategy in the absence of comdzalEquation (8), can be rewritten as

odr __ 1y, A3)

0s Yy —(@-7)y,u

Let ¢ denote the density function of the standard norndhétribution, and

In(s). Using Equation (2), we can rewrite the LHS of Biipn (A.3) as

0s os gs
:%(—usé‘%}dz—ﬂ)

Inserting the last term into Equation (A.3) implies
TY,H
Yo —(L-7)y

- qn(—iln(s)—gj: LYol
o 2) Yo -Q-1)y,u

1 o _ TYH
e —=In(s)-==p™* P
)3 {ydr—(l—f)ypﬂ}

- szexg —o rYoH —0—2 .
Yo —(A-T)yout| 2

-d(z-0)=-

A.5 Proof of Proposition 3

We can rewrite preg(drreg)— p*(drreg)=yEE1—r[E1+ OSDD Y _ Y At the limit
odr)) =Ya Y

dr'*® = 0, we have:
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d!jemo[preg(drreg)_ p*(drfeg)]:djriemo 'U{J'TEE:H aadsrﬂm Y Y |tw.

- ydr - yp
—_ ~——

=" <00 <00

As ps(dr*s)-p'(dr*e)# 0 in (0,dr"), and both functions are continuous in this interva

we havep™(dr™)- p*(dr*¢)>0, odr= 0(0,dr").
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