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Abstract

Because liability insurance involves the insured (the injurer), the victim, the
insurer and the legal system, the moral hazard in liability insurance is much more
complicated than other types of insurance. The soaring claim costs of liability
insurance since 1980’s have reduced the incentive of the insurer to supply liability
insurance. Risk managers have recently tried to develop the alternative
risk-transfer techniques for liability risks. However, this paper considers that
liability insurance remains the best choice for financing legal risk once the moral
hazard problem can be mitigated. To mitigate the moral hazard and supply crisis
of liability insurance, this paper incorporates the concept of decoupling liability
and proposes a remedy through a mixed system of private insurance and public
fund.

Under this system, the expected total cost for the firm to engage in risky
activity must be greater than expected loss payment of an accident so that the

incentive of safety care can be maintained. The insurance premium is lowered so
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to be affordable by the insured. The monetary compensation paid by the insurer
to the victim is reduced which mitigates social inflation of liability damages award.
The public fund is collected from the penalty of firms that cause the accidents.
Part of the fund is applied to risk management research so that the overall safety
level of the society can be improved, which is non-monetary compensation to the
consumers (victims). Part of the fund serves as a subsidy for insurer’s solvency.
The insurer's incentive to supply liability insurance is raised through a subsidy of

buffer fund.

Keywords: liability insurance crisis, decoupling liability, mixed system, incentive of
safety care, liability damages award.
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1. Introduction

Private liability insurance has been extensively applied to compensate the victim in an
accident during the past decades. The advantage of using liability insurance to pay the
damages is that it can reduce the judgement-proof problem (Shavell, 1986) so that the victim
will not be left with nothing due to the bankruptcy of the injurer. As the public policy intends
to provide more protection to the victims, liability insurance has even become compulsory in
some fields, e.g., automobile liability and worker's compensation. Even if it is not compulsory
in other areas such as commercial general liability, most of the firms incline to purchase
insurance for financing the unexpected payments of injury compensation.

Although liability insurance is a convenient way to provide compensation to the injured
victim, it also induces huge social cost due to moral hazard of insurance. The moral hazard in
liability insurance is more complicated than that in life or property insurance because it may
involve not only the insured (i.e., the potential injurer) but also the victim and her legal
representatives (i.e., the third-party). Whether liability insurance will reduce the incentive of
risk control by the insured is theoretically controversial as discussed in the studies by Shavell
(1982) and Sarah (1991). On the other hand, the effect of legal intervention on loss
settlements of liability insurance from the injured third-party side is empirically evident (see
ISO survey, 1996). The damages of pain and suffering are difficult to measure objectively
because they depend on the condition of the victim, the intervention of her attorney, and the
judgement of court. The lengthy delays in the litigation process also contribute to the
increase of claim costs for liability insurance. All these factors which are so-called social
inflation (Long,1981) have dramatically increased the total payments of liability damages and
discouraged the supply of liability insurance since 1980's.

The affordability and availability problem is most serious in commercial liability

insurance as tort law moves to provide more protection to the consumers. For example,
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product liability has changed from negligence rule to strict liability and the polluters of
environment may be held jointly and severally liable (Abraham, 1997). The soaring costs of
claim settlements in commercial liability insurance have driven the premiums too high to pay,
or even driven the insurers to withdraw from the market which is so-called insurance crisis
(Cummins and Danzon, 1997). Therefore liability insurance is not an easy way to transfer risk
for the business firms any more.

The enormous cost of liability risk without insurance protection may depress the firms to
engage in business or product innovation as indicated by Viscusi and Moore (1993). The
public policy maker has been forced to develop other alternatives for the risk management of
liability loss exposures since 1980, such as Prbduct Liability Risk Retention Act and
Superfund Act for environmental poltution liability. However, risk retention group may be
inefficient due to the shortage of professional knowledge for handling loss settlements (Head,
1996), and more than one-third of total costs of Superfund are legal expenses spent for
settling the disputes (Action and Dixson, 1992).

The purpose of this paper is to propose a remedy for commercial liability insurance so
that the supply of insurance can be maintained with affordable premiums and reasonable
claim costs. To achieve this objective, the problem of moral hazard in liability insurance must
be mitigated. Polinsky and Che (1991) show that decoupling liability may be desirable
because it maintains the level of safety care but reduces the incentive of litigation.
Decoupling liability requests the defendant to pay the damages as high as possible so that the
safety care can be maintained, but it allows the award to the plaintiff to be lowered so as to
reduce the plaintiff's incentive to sue and save the litigation cost. In practice most of the
liability costs for the firm have been pass through insurance. If the spirit of decoupling
liability can be maintained in insurance system, together with its efficiency of risk-sharing
function, then the problems of commercial liability insurance crisis may be mitigated.

The added value of this paper is that it incorporates the concept of decoupling liability
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to develop a model for optimal liability insurance system, which has not been studied in the
previous literature yet. With consideration of uncertainty in determination of liability, the
model applies the mathematical approach of Polinsky and Shavell (1984) to discuss the tort
liability of injury. Different from Polinsky and Shavell's paper which focuses on the
punishment of the injurer, this paper emphasizes on the compensation for the victim. A
mixed system of private insurance and a public fund is then proposed for the compensation
of tort liability.

The mixed system is consistent with the concept of decoupling liability. It suggests that
the expected total cost for the firm to engage in risky activity must be greater than the
expected loss payments of an accident so that the incentive of care can be maintained. The
insurance premium is lowered after adopting the mixed system so to be affordable by the
insured. The monetary compensation paid by the insurer to the victim is reduced to mitigate
social inflation problem, while the existence of public fund can contribute non-monetary
welfare (i.e., security) to the victim. Finally a subsidy of buffer fund maintains the insurer's
incentive to supply liability insurance.

This paper is organized as follows. Section 2 describes the basic model. Section 3 derives
the optimal insurance coverage for the case without decoupling liability. It serves as a
benchmark to discuss the social inflation problem. Section 4 proposes a mixed system with
decoupling liability. Section 5 extends the model to include heterogeneous insured. Finally,

the concluding remarks are provided in section 6.

2. The Model

Based on the approaches of Polinsky and Shavell (1984) and Shavell (1985) to study the

punishment of injury and the uncertainty in liability determination, this paper develops a
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model to discuss the roles of all three involved parties (the insured injurer, the victim, and
the insurer) in the tort compensation. In the previous literature about tort liability, either the
insurer (e.g., Png (1987)) or the victim (e.g., Sarath (1991)) has been neglected because most
papers focus moral hazard problem only on the injurer (the insured). This paper considers
the utilities of the three parties since in practice they are all important in the tort liability.

It is assumed that the firm is risk neutral and its purpose of engaging in business activity

(e.g., manufacturing products or practicing medical operation) is to earn profits. Let

T = potential profits for the firm from the business, = <[0,11],
f(=) = probability density of profit, f > 0,

F(z) = cumulative distribution of profit.

The business activity has a potential to cause an accident to the consumer. In order to
avoid the judgement-proof problem, the firm is required to purchases insurance to cover
potential liability of the accident. The insurer will compensate the harm done by the insured
(i.e., the firm) when the consumer is hurt in an accident." However, there is uncertainty in
loss payment because natural factor or other parties may also contribute to the harm (Shavell,
1987; Che and Earnhart, 1997). The amount of recovery for the consumer may also be
affected by litigation process (Sarath, 1991) because it is related to social inflation factor as

well as the harm itself. Let

L = loss (harm) of an accident to the consumer and assumed to be a constant,
p = probability of an accident due to the risky business activity,

L= pL = expected loss of an accident due to the risky business activity,

a = probability (i.e. proportion) of loss contributed by factors other than the firm,

! According to the practice in insurance market, liability insurance contract covers only the damages caused by the
insured and excludes coverage for damages caused by other parties (Malecki and Flitner, 1998).
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0 < a <],
I = liability insurance coverage purchased by the firm,?

Q = claim settlement paid by the insurer.

The expected profit E(z ) from the business activity is assumed greater than the
expected loss L, otherwise it is not socially beneficial for the firm to enter the business. The
probability of a loss really results from the firm is p(1 - ).’ The insurance premium for the
firm will be p(1-)7 in case it intends to take the risky business activity and purchase
insurance. It is assumed that the firm is rational and will engage in the business only if the
profit is greater than the premium cost.* Therefore the expected utility for the firms to enter

the business is

U= [ flekin- pli-a)1 - Flpl1- )] 1y

7, inequation (1) is the minimum profit for the firm to engage in the business which is

equal to p(1-a)I in this basic model. Since the probability for the firm to engage in the

2 For liability insurance, the loss payment is unknown ex ante and the insured only chooses coverage limit at the
beginning of contract.

3 Shavell (1985) and Che and Earnhart (1997) assume the two events of harm caused by the defendant (the firm) and
by the nature (other factor) are mutually exclusive. This assumption is not required here because this paper
integrates uncertainty of liability on the amount of loss payment. The proportions of damages involved natural
factor or social inflation are all included in the parameter « . For example, a defective stove made by the firm
causes a fire, the windy weather (natural factor) accelerates the spread of fire, and the court awards generous
damages (social inflation).

4 Since this paper is to discuss the problem of liability insurance crisis, the firms running business without insurance
are not included.

SU = l-j'{”—p(l—a)l}f(7t)d7r= I]'ﬂ' fw)dz - pl-a) {1- Fp(l-a)]}
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business activity is{l - F[p(1-)I]}®, the insurer will receive the total premiums
{1 - F[p(1 - a)1]}p(1-a)1 from those firms that take the risky business activity and purchase
insurance coverage for the potential liability risk. The insurer expects to incur claim cost Q.

The expected utility for the insurer to supply the liability insurance is’

R={1-F [pll - )1} (1 -a)1 - {1~ F[pl1 - 2) 1]} pl1 - a0 2)

In case the firm takes the risky activity, the consumer may suffer from the harm with
probability {| - F[p(1 - a)I]}p. The expected loss to be encountered by the consumer is equal
to {I- F[p(l-a)I]}pL when the firm takes the risky activity. However, she can get
compensation from the insurer for the injury done by the insured firm. Thus expected utility

of the consumer from this business activity is®
v =-L{i- Flpl-a)i]}+{ - Flp(-a)i]}p(1-2)o (3)

The social planner must consider the total welfare of those three parties when setting up a
risk management program for liability risk. Let the total welfare W = U+R+V. The optimal
insurance coverage to maximize the social welfare is solved from the following equation.

max W = [(sdr - 21~ Flpli-a)r]) 4

7o

n
8 Probability = j. f (lr)dﬂ' =1-F [p(l —a)] ] It can also be interpreted as the number of firms to engage in the

Ty

business when the population size of firms is normalized to one ( Polinsky and Shavell, 1984).

7 For liability insurance, the insured chooses the coverage limit I and the insurer pays the claim up to maximum limit
L

® The consumer's utility for enjoyment of business activity (e.g., new product) is offset by the price she paid, so only
potential harm appears in the utility function.
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3. Optimal Insurance Coverage Without
Decoupling Liability

If liability is not decoupled as the traditional case, the optimal insurance coverage I  can

be solved as equation (5) (see appendix 1 for proof).
I =1/p(l-a) (5)

Since the expected lossL = pL, the optimal private insurance coverage |” can be revised

I =1/(-a) (©6)

If there is no social inflation or ambiguity in causation and the firm is only source for the
accident and harm (i.e.,a = 0), ihe firm should buy insurance equivalent to the potential
harm, that is, / =L . The insurance premium cost for the firm is equal to expected
loss L = (pL). The insurance premium incomes received by the insurer just balanced off by the
loss settlements since all the harm s attributed to the insured. The consumer is compensated
exactly for the harm done by the firm. Thatis, Q =1=L.

When natural factor or social inflation also contributes to the loss in addition to the firm,
there is uncertainty in liability and the parameter « is positive but less than one.” In such
case the optimal insurance coverage [ "= L/(1-a)> L. The insurance coverage purchased by
the firm is greater than the loss L. However, the premium cost for the firm remains the same
as before, i.e., L. This result implies no incentive for the firm to conduct risk management.

Since the proportion of loss caused by other factors is not controllable by the firm, these

° If ar =1, the loss is caused completely by other factors than the firm. Since insurance is meaningless in such case,
0L is assumed less than one in this paper.
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factors will not induce the firm to be more careful.

The compensation paid to the consumer will depend on legal system and insurance
market. When strict liability is applied or the damage awarded by the court is inflated by
social factors, the consumer usually can receive more compensation.’’ In addition, the
market competition in insurance industry also has an impact on the indemnity since most of
claims are settled by the insurer.'" When the market is very competitive such that the
expected profit is zero, the insurer spend all the premium income on loss settlement.
Therefore the compensation Q in equations (2) and (3) is equal to I. The consumer receives
full recovery, L, from the insurer even if the proportion of loss attributed to the insured is
only(1-a)L .

This result implies the consumer "earns" a payments a L which attributes to social
inflation. Without insurance market, the consumer can only request (1-a)L from the firm
through litigation. The existence of insurance will encourage the consumer to pursue more

loss payment.'

Based on the survey of ISO (1996), more than 90% of commercial general
liability insurance claimants file suit. This unanticipated claim cost, o L, reduces the
insurer’s profit for current year and in turn will raise premium rates for the following year.
Thus the incentives for the insurer to supply insurance and the firm to engage in business are

depressed.

' For example, average loss payment of claims for product liability insurance ($324,000) is much higher than that of
other liability insurance ($217,000) based on the survey of ISO (1996). Product liability usually applies strict liability
instead of negligence rule, and it is competitive because it is one of the major businesses for the insurer.

" According to the survey of ISO(1996), more than 90% of commercial general liability insurance claims are settled by
the insurer before conclusion of court verdict.

12 Usually the insurer is assumed to have deeper pocket than the firm, The consumer may get nothing when she sues
the firm, so it is less possible for her to sue the firm for al when the firm is not insured. Although theoretically
the insurer may defend the payment aL through litigation, the litigation cost may be higher than the loss payment.
Therefore, the insurer usually does not prefer to defense. In practice, about 90% of claims are settled before trial
(IS0, 1996).
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4. Optimal Insurance Coverage With
Decoupling Liability

In order to mitigate the problem of social inflation in liability insurance, this paper
proposes that the social planner charges a penalty ex post to the firm for those portions of
ambiguous harm in case of an accident. The penalty is collected into a public fund and is not
covered by insurance. Part of the fund is applied to support risk management research, and
the remainder serves as a buffer fund for the insurer to set up the contingency reserve. This
will provide incentive for the insurer to supply liability insurance since the buffer fund
reduces risk of insolvency."” Therefore, the public fund can provide a non-monetary utility
(ie., security) to the consumer even though the fund is not directly distributed to the

consumer. Let

z = target amount of the public fund,
K = parameter of penalty % charged to the firm for the ambiguous harm,0 <x <1,
0 = parameter of buffer fund % provided to the insurer, 0 <6 <«

Y(z) = non-monetary benefit function of the consumer due to the existence of the fund,

Y'20.

The utility functions for the firm, the insurer, and the consumer are revised as

U = b )14l pac ] 0

— pax z{l-—F[p(l-—a)I+pou< z]}

3 According to statutory accounting principles of insurance, contingency reserve is treated as an item of equity to
prevent unanticipated catastrophic loss. It is not an amount directly used for paying claim cost of the insurer.

' For example, the consumer can avoid judgement-proof problem with liability insurance and can enjoy better quality
of life through risk management research.
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R={-F[p(t-a)i + paxz]}p(i - a)I - Q)+ pa&{l - F [p(l-a) I + paxz]}, 8)

v =—L{l - Fp(1 - @)l + paxz]}+ {1 - F]p(l - @) + paxz]}p(l - )0 + Y (2). %)

The probability for the firm to engage in the business activity is affected by the penalty
charge. The minimum profit s, in equation (7) is also changed to {p(l —a ) + pax z}. The
insurer receives the premiums from the firm and expects to incur claim cost Q. In addition,
the insurer can obtain a buffer fund subsidy from the public fund for supplying liability
insurance. The consumer's expected utility is modified with the revised probability and

non-monetary benefit of public fund. Then the total welfare becomes

W= rjn fr dn + Y(z) - L{l - F]p(1 —a )l + pa kz]}

o

(10)
—pa z(k =6 X1 - F[p(1 —a )I + pa kz]}

The maximization of social welfare is through the choice of insurance coverage, I, and
target amount of public fund, z. Thus, the optimal insurance coverage to maximize the total

welfare is (see appendix 2 for proof)
M=L-a0z)/(-a) (11)

Compared with equation (6), now the optimal insurance coverage purchased by the firm
is reduced to reflect the subsidy to the insurer. The insurance premium paid by the firm is
equal to p(L ~a6)which is affected by the proportion of ambiguous loss a . If o is small

which implies most of the harm is caused by the firm, the premium cost will be higher, and
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vice versa. Therefore, the premium cost is more responsive to causality of the loss. The
expected total cost for the firm to engage in the business activity is increased by the amount
paz(x —6)" though the insurance premium cost is reduced. The penalty charge has an
impact on the incentive of care level because it is related to the probability of an accident.'®

Suppose the iﬁsurance market is competitive, the insurer spends out all the premium
incomes on claim cost.”” Then Q is equal to] . The expected compensation for the
consumer is p(L -a@z) which is less than the expected loss pL. Since the consumer cannot
expect to be fully compensated from the insurer, the problem of social inflation is mitigated.
The incentive for the insurer to supply liability insurance is raised because expected utility is
increased by the subsidy of buffer fund."

The optimal target amount of public fund z is (see appendix 2 for proof)

2 ={F"()-I}/palc-6), (12)

where x =1~ Y/ pa(x —8), and 7' < {II —Z}/ pa(x —6). Equation (12) indicates that
the optimal target amount of public fund must be related to marginal benefit of public fund
for the consumer as well as the expected loss and the net penalty percentage (x —6). The
target amount can be reduced if marginal non-monetary benefit of public fund to the

consumer is larger.'”” When the expected loss or the net penalty percentage increases, the

15 In the previous section, the expected cost is p(l—a) 74 = pL when the firm engages in the business. Here the

total expected cost includes insurance premium and penalty charge and is equal to

p(l—a)]“ + pakz = pL+ pa(K —0)2 .

16 Insurance premium is a sunk cost paid ex ante by the firm, so it affects the incentive of engaging in business. The
penalty is charged ex post only if the accident occurs. It has an impact on the safety care level of the firm.

17 The subsidy of buffer fund is an earmarked item for insurer's equity and cannot be applied to pay claim cost directly.

18 The insurer's expected utility is zero in the previous section, but here it is equal to
pa@z{l -F [p(l - a)I + paxz]} which is positive.

19 For example, let the value of security be equivalent to 100G. It needs $100 of fund if each dollar of fund induces 1G
of security, and it only needs $50 of fund if each dollar of fund can contribute 2G of security. In addition, the
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target amount must be reduced so that the incentive for the firm to engage in the business
will not be depressed by a huge total cost of premiums and penalty charge. Finally, the target

amount can be raised as the maximum profit of business activity is increased.

5. Optimal Insurance Coverage for
the Heterogeneous Insured

In this section the model is extended to consider heterogeneous risk among the insured.
Suppose the firms spend different safety care levels when they engage in the business activity.
Let the probability of an accident from low-risk and high-risk firms be p, and p, respectively,
and the corresponding loss be L, and L,. If the industrial society consists of A percent

low-risk firms and (1-2) percent high-risk firm, then the model is revised as follows.

max W =
11,12,z

Xﬁ‘" fe)dn —Li{l - Flp, (1 -a)l, +poxz]} - -6 )p,a 2{l~Flp (1 -a), +pax Z]}}

(0 w{ Taf(eir Lo 1= Flp(1- )ty + pycc])
~(x-6)p, W{I”F[Pz(l‘a)lz + praxz) }+1(z) (13)

In equation (13), =, = p(1-a)/, + pjasz and 7, = p2(1-a)l, + pyaiz . If liability is

consumer will receive less monetary compensation from the insurer when z is larger. The consumer must face a
trade-off between non-monetary benefit and monetary compensation. Thus, this result is not inconsistent with the
assumption Y'(Z) >0.
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not decoupled and insurance market is competitive, the relationship of optimal insurance

coverage and the risk levels of the firms are shown as the following equations (see appendix 3

for proof).
I’ =L/ p(i-a)= L,/(-2) (14)
L’ =ZZ/P2(1“0‘)=L2/(1‘“) (15)

Equations (14) and (15) show that the optimal insurance coverage is again greater than
the loss if a > 0. The coverage for each firm is directly related to the potential loss it causes
respectively. In case the loss amounts are equal for both low-risk and high-risk firms (i.e., L,
=L, = L), the optimal insurance coverage will be the same. However, the premium costs
are different for each firm to reflect its care level, which are p,L for the low-risk and p,L
for the high-risk. Therefore, it is not necessary for social planner to set up higher
requirement of insurance coverage for the high-risk firm unless its severity of harm is higher
(ie,L, > L)).

When liability is decoupled and a public fund is set up, the optimal insurance coverages

for the firms are (see appendix 4 for proof)

L' = (L, - a6z)/(-a) (16)
1, = (L, —atz)/(-a). (17)

Again the insurance requirements are lower than those in the case without decoupling

liability. Whether the coverage amounts are equal or not must depend on the severity of

2 It is not unusual to have the same loss, for example, both result in death although the probability to cause an
accident differs.
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harm by the respective firms as discussed in the above case. The optimal target amount z° is
obtained by solving the following first-order condition (see appendix 4 for proof),
1(" - 9)1’10‘{1 -F [Pl(l - 0)11‘ + pax Z‘J}

+(1-A)c-0) p,al-Flp,(1-a)1," + pax 7 |}= 7" (18)

The exact value of z' cannot be solved directly from equation (18). However, it is

approximately approach to

é:{F-l(x)_z@}/p@a(x_e). (19)

where x=1—-Y’/p”'a(K—9),p”' =Apl+(l—l)p2,a=/1p,/pm , p® :ap]+(l—a)p2 and

° =a, +(1-a)L> . Again, ;<{H—Z@}/p@a(x—0) because F'(x) is less than II. The

interpretation of equation (19) is similar to that of equation (12). The optimal target amount
of public fund depends on marginal benefit of public fund for the consumer as well as the
expected loss and the net penalty percentage (K —9); however, the expected loss and
accident probability are replaced with weighted average of those values of low-risk and

high-risk firms.
6. Concluding Remarks

Liability insurance is a convenient way to provide compensation to the injured victim,
but its moral hazard has discouraged the supply of liability insurance since 1980's. The huge

cost of liability risk without insurance protection may depress the firms to engage in business
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or product innovation. To mitigate the moral hazard and supply crisis of liability insurance,
this paper develops a model with consideration of all three parties involved in the
compensation for tort damages. It incorporates the concept of decoupling liability into
insurance system to maintain the safety care incentive of the insured injurer and control the
soaring compensation requested by the victim.

This paper proposes a remedy for liability insurance crisis through a mixed system of
private insurance and public fund. Under this system, the expected total cost for the firm to
engage in risky activity must be greater than expected loss payment of an accident so that the
incentive of safety care can be maintained. The insurance premium is lowered so to be
affordable by the insured. The monetary compensation paid by the insurer to the victim is
reduced which mitigates social inflation of liability damages award. The insurer's incentive to
supply liability insurance is raised through a subsidy of buffer fund.

Once the problem of moral hazard can be mitigated, insurance should remain one of the
most important techniques for risk management because its efficiency in risk sharing cannot
be easily outperformed by other methods. Private insurance is more effective for risk
management in the situation where the injurer of an accident is easier to identify, such as
product liability or malpractice liability. In other cases of long-term hazards such as
environmental risk, it is difficult to identify the injurer and thus the functions of private
insurance system may not work well. This paper focuses on the former which traditional
commercial liability insurance targets on. The remedy for long-term hazards with
non-identifiable injurer will be studied in the future research.

Additionally, a few remarks regarding the results of this paper that should be addressed

are provided as follows.
(1) Integration of incentives for several parities.

The mixed system is consistent with the concept of decoupling liability. It suggests the
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expected total cost for the firm to engage in risky activity must be greater than the expected
loss payments so that the incentive of care can be maintained. However, the insurance
premium is lowered so to be affordable by the insured, which implies the incentive of
engaging in business will not be depressed. The monetary compensation paid by the insurer
to the victim is reduced to mitigate social inflation problem, and the insurer's incentive to

supply liability insurance is raised through a subsidy of buffer fund.
(2) Public fund vs. public insurance.

Different from the studies by Besley (1989), Selden (1993), and Bolmgqvist and
Johansson (1997), the public fund in this paper is not a public insurance. The public fund
here is not to pay indemnity to the victim directly, but provides welfare to her through
supporting risk management research and reducing insolvency of insurer. With introduction
of this public fund, the supply of insurance can be maintained with affordable premiums and

reasonable claim costs.
(3)Focus of moral hazard.

The concept of expected loss in this paper is consistent with insurance or actuarial
literature for premium rating, which separates expected loss into frequency and severity and
emphasizes on the latter. Most of economic literature about moral hazard of insurance, e.g.,
Shavell (1982), treats loss severity as fixed and focuses on the relationship between care level
of the insured and accident frequency. Although moral hazard of the insured may be also a
problem in liability insurance, the social inflation of loss settlements for the third-party is
more critical to the liability insurance crisis in practice. Therefore, this paper focuses on loss
severity and the third-party problem; however, it does not imply liability insurance without

moral hazard from the insured.

(4) Uncertainty in determination of liability.
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When considering uncertainty in determination of liability, this paper assumes the
accident is initially caused by the insured firm because insurance covers loss only if the
insured is liable. Thus the injurer is identifiable in this paper, but the severity of loss payment
may be exaggerated by natural factor or social inflation which involves uncertainty. The
analysis in this study is more suitable for traditional liability insurance such as product
liability and malpractice liability, the victim at least has target injurer to sue, for example, the
manufacturer or the surgeon of medical operation, even if other (natural or social) factors
may complicate the harm. For long-term hazards such as environmental risk, it is difficult to
identify the injurer and private insurance probably is not a good approach to manage risk.
The remedy for liability of long-term hazards with ambiguous injurer will be studied in the

future research.
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Appendix 1

Proof of equation (5).

Since W = [ £ )dx — Ll —Flp(1—a 1]}

no

n o —
= [af(z)dr - [af(x)- L{1-F[p(-a)I]}
0 0
the first order condition

oW /81 ==p(1-a)[p(1-a) 1] f[p(t-a) 1]+ L p(1-a){f[p(i - @) 1]} =0.
= pi-a) f[p - ) I{Z - p(1-a)1}=0. (AL1)

Because /] p(1 - a)1]and p(1 - o) are assumed greater than zero, Z- {1 -a)I =0.

Thus, J° =%(1 o) (A12)
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Appendix 2

(A) Proof of equation (11).

According to equation (10) in the text,

w =j@‘(ﬂ)dn’+Y(z)—f{l—F[p(l—a)[+paxz]}—(lc——0)poz{1—F[p(1—a)I+palcz]}

af () - ; of (z)dr + 7 (2)

o-—,:

20— Flp-a)1+ pax]}- (c~6) pezfi - Flp(1~a) I+ pascl}

so the first order condition

ow Ja1 = -[p(l—a) I + parz) fp(l-a) I+ paxz|p(l-a)

+Z{f[p(l—a)1+paxz]p(l—a)}+(K—9)pazf[p(1——a)1+paxz]p(l—a)=O.

:>p(1—a) f[_p(l—a)1+paxz]{i—paﬂz—p(l—a)l}=0 (A2.1)

Because p(1—a)and f[p(l-a)+ paxz]are assumed

>0, {I- pate - pli-a)1}=0. Thus,["=(L-a&)/l —a). (A22)

(B) Proof of equation (12).

The first order condition

8W/62=—[p(1—a)l+paxz] f[p(l—a)]+paKz]paK+Y’+Z{f[p(1—a)1+palcz]parc}
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—(ic—0)pa{1—F[p(l—a)l+paxz]} +(K—6’)pwf[p(l—a)1+paxz]pax
=0.

3paxf[p(l—a)1+pal<z]{2—pa9z—p(l—a)1}+Y'

=(k - 8)pa il - Flp(l- a) I + pokz]} (A2.3)

Since /™ = (L - az)/(1-a) according to (A2.2), the left hand-side of equation (A2.3)
isequal to Y'. Thus, (x - 6)pa { - F[p(l -a)I” + pa Kz] }: Y. (A2.4)

If @=0,y"=0. It implies no marginal benefit to the consumer from the public fund
when all the loss can be attributed to the firm. In such case z can be any number including
zero. Therefore, it is not necessary to set up the public fund if there is no social inflation for
the loss. The private insurance system itself is efficient for risk management because optimal
insurance coverage I”" equals the loss amount L and premium equals the expected loss.

If a#0andyY’ =0 , {I—F[p(l—a)l" +para] }=0 since (x -6)>0. If
{1 -F [p(l —a)I” + paxz] }= 0, it implies no any firm will engage in the business activity.
In such case there is no harm and the public fund is not needed.

If a#0andY’ %0, {I—F[p(l—a)l" +paxz] }: Y'/ pa(x - 6).

:>F[p(1—a)1"+pakz]:1—Y’/pa(/c-6). (A25)

= p(l-a)I" + paz = F'[1- '/ pa(;( -9)). (A2.6)

Since ["=(L-a@)/(1-a), z' ={F(x)- I}/ palic -6),
wherex =1-Y'/ pa(x - 6).
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Because F is a probability distribution function with p.df f(.)>0, 0<F <1 and
F(I1)=1.Since Y'>0, F[.]<1.Thus p(l-a)I" + paxz = F~'(x)<I1.( It is assumed

Y'/ palx ~8) <1 such that F will not be negative.)
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Appendix 3

Proof of equations (14) and (15).

Because z = 0,

v ) eI -l - - - - Flps-abll
- | Jtekae~ Fpteban -1 - £l -

L ~/1){:j @r(ﬂ)dﬂ_’;i,gr(ﬂ)dﬂ L Fp, —a)lz]}}.

The first order condition
ow /o1, ==-ap (1 -a)lp(-a) 1, ] flp A -e) I ]+ ALip (1 - a)if[p, 0 - @) 1]} = 0
= ip,(1-a) fp, (1-2) L {T: - 5, (1-2)1,}= 0 (A3.1)
Because A , p,(i-a) and f[p,(1-a)1,] are assumed >0,
{Li-p (1-a)1,}=0.
Thus, " = Li / p,(1-a)= L, /(1 - ) since Li=p,L,.
By the same token for the high-risk firm,

ow fol, =—(1—/'L)p2(1—a)[p2(1—a)12 ]f[Pz(l“a)Iz]‘*'(l’/1)22p2(1“a){f[1’2(1_a)lz]}=0'
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= (1 “ﬂ')Pz (1 _a)f[Pz (1 —a)12]{22 D2 (1 —a)12}= 0 (A3.2)

Because 1-4, p,(1-a) and f[p, (1-a)1,] areassumed >0,
{Z,-p, (1-a)L,{=0.

Thus, 7,” = L2/ p,(1-a)= L, /(1-a)since L2 = p, L.
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Appendix 4.

(A)Proof of equations (16) and (17).

W=i{l}7y‘(ﬂ)dﬂ—zl {I—F[pla-a)z,+plmn—<x—e>plw{1—F[pla—a)z.+plakz1}}

&

+<1-z{?7¢<n)dn—zz - Flpa(1-at, + pre])~ (- Opuceli - lpyl1-a)1, + pre] }}
+Y(z)

6W/611 =—[p1(l—a)11 +p1axz] f[pl(l_a)ll +p1akz]p1(l~a)

+ Ly {f[Pl(l_a)Il +pla’a]pl(l_a)}+(’(_e)Plazf[pl(l_a)ll ‘*‘Pla"z]l’] (l—a)
=0.

=D (1 _a)f[Pl (1 *a)ll + Pla"z]{Z‘ - palt ~p, (1 ——a)Il}zO (A4-1)

Because p (1-a) and f[p, (1-)1, + parz] are assumed
>0,{: - pate - p, (1-a)1,}= 0.
Thus, ;" = (L, —aé)/(1-a).
By the same token for the high-risk firm,
oW [01, ==Ip,(1~a) I, + pare] fp, (1~ @) I, + prarz] py (1 - )
+ Lo/l (1-a) L, + prarc]py (- a)} + (e~ 0)pyaz f1p, (1 - @) 1, + pyanz] s (1 - )

=0.
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=p,( —a)f[Pz (1-a)I, + Pza"z]{zl - p,abe - p; (1-a)I; }= 0 (A4.2)
Because p, (1-a) and flp, (1-a) 1, + p,axz] are assumed > 0,

{L2 - p,ae-p, (1 —a)1,}=0.Thus, I," =(L, —a&)/(1- ).

(B)Proof for equations (18) and (19).

oW joz=1 - o, (-0, + pax 2]lpy (L -0 )y + pc zlppok + L1 {f[p (1 —a) 1, + pox 2]} prox
—_(x -0)pe{l-Flp,(1-0)1, +pox 2]} + b 0 )pja zf[p, (1 -0 )1, + pox z]pox }
+ (1) [p2 (1-0) 1 + o 2Jf [pa (1~ )i, + paoczlpax + T2 {f [po (1 —0) I, + pyox 2] Jpgox
~(x —90)p2(1 {1-Fp,(1-0 )1, +pex z}+ b -0 )pa z£ [p, (-0 )T, +paox z] poc j+ Y
— y' +) f]p, (1 -0 )1, + pax z]piox {L1-padz—p(l —a)1,}
+(1=2)f[p, (1)1, + proc z]poox L2 -pedz-p,(1 o)L,
A —0)pefl - Flp, (1 —a)1, + pox 23+ (-1 Y -8 Jpee —Fp,(1-a)1, +paxz]}

(A4.3)

Sincel,* =(L, -6 z)/(l ~a) andIz‘ =(L, -ab z)/(l —a), the left hand-side of
(A4.3) is equal to Y'. Thus, the first order condition is

Y =A(x -0 o {1 —F[pl(l —a)I; +poK z]}

+(1=2 Yo =0 )p2 {1—F[p2(1—a)12' +PAK z]} (Ad.4)

fo=0Y =0,orif a>0andY'=0, it is not necessary to set up public fund for the
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same reasons as indicated in appendix 2.

If @ #0andY’ # 0, equation (A4.4) is rearranged as

A plF[p1 (1 —a)Il* +poK zJ+ (l -\ )sz[p2 (1 —a)IZ* +Ppy0K z}

=Ap +(1-A)p, — Yol -6) (A4.5)

Because the exact value z° cannot be found directly, its approximate value  is derived
by the following procedures. Let p"=Ap {1 -Mp,,a =1 p/p™,F =F [pl (1-o)," +pax z],

F,=F [p2 (1 —a)IZ* +p,0K z] andx=1-Y’ /pma (x -6 ). Then equation (A4.5)
becomes
aF, + (1-a)F, = x. (Ad.6)

The linear combination of F, and F,is at the point of A on figure Ad.1. The optimal
value z* is supposed to be solved from point B, but now we can only find its approximate

value z from point C which is equal to the inverse function, the F(x).

That is, a{pl(l —a )" +pjax z}+ (1 —a){pz (1-a)1,” + Py0K z}z F(x). (Ad.7)
Sincel,” = (L, -ab z)/(1 ~a) and Iz* =(L, —ab z)/(l—a),

2= F1(x)-L® ) pa(x -0), (A43)

where L® =al,+(1-a)L; ,and p@ =ap +(1-a)p, .

(Itis assumed Y'/p™a (k —8)<1 such that Fwill not be negative.)
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F( )
F,
X /A < aF,+ (1-a)F,
F,
C B
It
F(x)
figure A4.1.
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