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Abstract 
The primary purpose of this paper is to develop a theoretical analysis for 

insurance solvency regulation with an incentive issue under asymmetric information 
structure. In this paper "information" is emphasized on loss reserves which are the 
most critical factor for insolvency risk in property-liability insurance industry. Based 
on the agency theory for regulatory economics, this paper discusses the information 
costraint of claim cost to the regulator and analyzes the incentive scheme in profit 
loading allowance for inducing the adequate loss reserves. 

According to the finding of this study, we suggest that the regulator may adopt 
a two-step approach to achieve this objective. First, induce the true reporting of 
claim cost estimation by redesigning the profit loading allowance with an incentive 
scheme at the beginning of year. Second, penalize the deficiency of loss reserves by 
requesting an increase in capital contribution at the end of year. The results show 
that the incentive rate in pricing formula and the request of capital increase are 
related to the manipulation level of loss reserves. There is no advantage for 
manipulation and underpricing when the solvency· regulation is developed based on 
such incentive scheme, which helps to reduce the risk of insolvency. 

I. Introduction 

The characteristic of insurance products is that the insured pays premiums in 
advance and collects the loss payments thereafter in case the claims incurred. 
Therefore the value of insurance policy highly depends on the solvency of insurer. 
Solvency is defined as a positive surplus (equity) level, Le., the asset is greater than 
the liability.' When the asset is not sufficient to pay the liability, the insurer 
becomes insolvent. In order to protect the policyholders, the financial performance 
of an insurance company is strictly monitored by the government. Some detective 
and early warning systems have been developed and all insurance companies are 
examined periodically by the regulatory authorities. Therefore, solvency surveillance 
can be the most important task of insurance regulators. 

Even if there exist serious regulatory concern for the financial condition of the 
insurers, the number of insolvency cases for property-liability insurance industry has 
dramatically increased from the mid-1980's. This phenomenon calls attention on the 
cause of insolvency and provokes to modify the regulatioin of solvency. 

In addition to the economic factors(e.g., the downside of investment market), one 
of the fundamental reasons for the insolvency of insurance companies is the inad
equate incentive scheme inside the solvency regulation. That is, the solvency 
regulation does not take into account the differences of risk level among the insurers. 
Some recent reforms of insurance regulation began to concern this problem and 
proposed new models with risk differences of insurers. For example, the concept of 
risk-based capital (RBC) has been adopted by the insurance commissioner as a 

- 83



Claim Cost Information Constraint and Solvency Regulation 

requirement for the insurers, and it will be effective for property-liability insurance 
industry from 1994 (see Cummins, Harrington and Niehaus,1993). 

Once an insurer becomes insolvent, not only the policyholders but also the 
general taxpayers may incur additional cost. Although there are guaranty funds to 
compensate the policyholders for part of the unpaid claims, the inadequacy of 
incentive scheme also exists inside the insurance guaranty funds. The assessment 
approach of graranty funds in fact creates the incentive of insolvency for the 
irresponsible insurers because the cost of unpaid claims has been shifted to other 
parties. Therefore, the guaranty funds do not solve the problem of insolvency, but 
transfer the cost of insolvency to the surviving insurers, policyholders and taxpayers 
due to the improper incentive scheme. Barrese and Nelson (1994) have shown the 
significant impact of guaranty funds on those parties. It becomes necessary to 
redesign the solvency regulation system with a consistent incentive scheme. A 
theoretical model of risk-based premiums for guaranty funds has been suggested by 
Cummins (1988), which may help to solve the problem of conflicts incentives. 

In theory, the RBC requirement or risk-based premiums for guaranty funds (RBP) 
can solve the incentive conflicts and help to reduce insolvency once the risk level is 
determined. In practice, the remaining question is how the regulators decides the true 
risk levels of the insurers. Numerous studies have contributed to develop the 
analytical methodoloty and test of predication accuracy to distinguish the financial 
strength of insurers, for example, Munch and Smallwood (1982), and Cummins, 
Harrington, and Klein (1995). These methods all are based on the data of financial 
statements of the insurers. Therefore, the truth of the reported accounting data 
becomes the critical point when applying these prediction methods to the solvency 
monitoring system. 

A major deterrent for monitoring the financial condition of an insurance company 
is the asymmetric information between the regulator and the insurer. In fact, most 
of the regulated industries encounter the same problem that the regulator does not 
have full information about the firm and can examine the performance only based on 
the accounting reports, as indicated in the study by Laffont and Tirole (1986). To 
reduce the risk of default, the solvency regulation must be designed with an incentive 
scheme to induce truthful reportng so that the regulator can find the potential 
problems of the insurer. To sum up, the requirement of RBC or RBP becomes 
meaningful only if the truthful financial reports are available. 

Provided the truthful reporting and correct evaluation of risk are given, the next 
step of solvency regulation is to request the insurer to maintain sufficient surplus 
level because capital adequacy remains the fundamental method to provide protection 
against the risk of insolvency and failure for an insurance company. The function of 
capital is to absorb unanticipated losses with enough margin to inspire confidence and 
enable a financial institute to continue the business (Saunders, 1994). Capital 
provides a source of funds in addition to premiums written to protect the policyhold
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ers, the insurer, and the regulator against the risk of insolvency. Therefore, this paper 
considers that one of the most important requirement of solvency regulation for the 
insurer is to keep the adequate surplus level. Once the regulator finds the insurer 
with higher underwriting risk, he should ask the insurer to contribute additional 
capitaL 

Hartmann-Wendels (1993) suggests that the problem of designing optimal incen
tive schemes arises once the information asymmetry exists between the parties in a 
contract relationship. The theories of regulatory policy with incentive scheme have 
been extensively studies in other industries (see Laffont and Tirole, 1993), but the 
theories specific to insurance industry are few. Thus the primary purpose of this 
paper is to develop a theoretical analysis for the solvency regulation wth incentive 
issue under asymmetric information structure. 

In this paper, the content of "information" emphasizes on loss reserves even 
though other information may be also relevant to insolvency. The loss reserves 
account for more than 65% of liabilities for an insurance company.2 They are the 
most important liabilities and the most crucial factor for insolvency. Because of the 
loss settlement process in property-liability insurance industry, a large amount of 
unfinished losses must be estimated at the end of accounting year. These estimation 
procedures involve many actuarial assumptions and thus open much space for the 
insurer to manipulate the cost of incurred losses. 

The accuracy of loss reserves is crucial to evaluate the financial performance of 
an insurance company. For example, the study by the A.M. Best Company (1991) has 
showed that deficiency of loss reserves was the primary factor for the insolvent 
companies during 1969-90. Some of the previous studies, e.g., Smith (1980) and 
Weiss (1985), suggest that the loss reserves may be manipulated by the management 
of insurance companies. Therefore this paper develops an analysis with an emphasis 
on the information constraint and manipulation of loss reserves. 

Based on the agency theory for regulatory economics, this paper discusses the 
optimal incentive scheme for solvency regulation in property-liability insurance indus
try. We suggest that the regulator can adopt a two-step aproach to reduce the risk 
of insolvency. First, induce the true reporting of claim cost estimation be redesigning 
the profit loading allowance with an incentive scheme at the beginning of years. 
Second, penalize the deficiency of loss reserves by requesting an increase in capital 
contribution at the end of year. 

The structure of this paper is organized as follows. Section II presents the 
background of claim cost and manipulation problem in property-liability insurance 
industry. Section 1Il introduces the design of profit loading allowance with an 
incentive scheme. The analysis of the optimal solvency regulatory policy with 
incentive scheme is provided in section IV. Then the concluding remarks are 
provided in section V. 

- 85 




Claim Cost Information Constraint and Solvency Regulation 

II. Insurance Claim Cost and the Manipulation Problem 

To understand the underlying reason for deficient loss reserves and the incentive 
of an insurer for untruthful reporting, we must start the story from the cost structure 
and pricing procedure of an insurance product. The total cost function of an 
insurance policy is given as follows. 

C=L+k (1) 

In equation (1), C is the total cost, L is the claim cost, and k is the expense of 
an insurance policy. Expense is quite stable for an insurance company and is usually 
assumed to be a nonnegative fixed cost. On the other hand, actual claim cost L is 
a random variable since the losses are uncertain each year. L is assumed following 
somt conditional distribution functioin G(Lla), and the higher value of a results in 
stochastically higher claim cost L in the sense of the first-order stochastic dominance. 
G(Lla) is commonly known to both the regulator and the insurer.3 However, the 
value of parameter a is known only to the insurer but not the regulator. Parameter 
a represents the mean of claim cost L of the specific insurer, which is a private 
information. That is, there exists information asymmetry between the regulator and 
the insurer. 

The insurance price is subject to prior-approval rate ragulation in most of the 
states. The regulator allows the insurer to modify the premium rate based on the loss 
experience of the previous year, either through loss ratio method or pure premium 
method (see Brown, 1993). Due to the loss settlement delays, the loss experience of 
an insurer must be indicated by the "incurred losses" on the annual financial 
statement instead of actual losses because the ultimate claim cost is not realized yet 
at the moment of pricing. The incurred losses are composed of loss payments and 
loss reserves for the unsettled claims. If the insurer overstates the loss reserves and 
thus larger amount of incurred losses are reported, then the premium rate for next 
year may be adjusted to a higher level. On the other hand, the understatement of loss 
reserves may result in lower price. 

In addition to the adjustment of premium rates, the manipUlation of incurred 
losses also has an impact on the liquidity and surplus level because the insurer must 
keep sound financial ratios to satisfy the NAIC requirements. For example, the 
NAIC liquidity test requires that the ratio of liabilities to liquid assets must be less 
than 105%; besides, the reserve test requires that the ratio of one-year and two-year 
reserve development to surplus must be less than 25% (Troxel and Bouchie, 1990). 
Therefore, the insurer may understate the loss reserves when there are not enough 

liquidity assets or surplus, which is a primary factor for insolvency. 
Due to certain financial purposes, the insurer usually makes several estimates for 

the loss reserves. The insurer may submit one estimate to the commissioner but 

apply another one for his internal business operation. This business practice may 
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delay the timing for the commissioner to monitor the risky insurer, which may result 
in insolvency in the near future. 

Suppose the estimate of claim cost (incurred losses) projected by the insurer for 
his internal operation is denoted by I, and the best estimate of actual cost Lunder 
rational expectations is the mean of claim cost a. Let's define "manipulation" in this 
paper as the action the insurer does not maintain the rational estimate a of incurred 
losses. If the insurer intends to default, his business will be operated based on a 
subjective estimate I which is less that a. Let's denote the manipulated amount as 
e, 6 =a-I. Provided the insurer maintains the adequate incurred losses without 
manipulation (i.e., without intention to default), then I=a. The relationship between 
I, L, and a can be summarized as follows. 

jLdG(Lla-6) =a-6, if with manipulation (2) 
I={ 

jLdG(Lla) =a, if without manipulation (2') 

On the other hand, at the beginning of the year the insurer must submit a cost 
estimate X to the commissioner to apply the approval of premium rates. Due to some 
financial purposes, the insurer is not necessarily to report the rational estimate a or 
his internal estimate I of incurred losses to the comissioner, but submits another 
estimate of incurred losses X. This incurred losses estimate X can be considered as 
a combination of internal estimate I and a "misreported" amount 1;. That is. 

x=I+1; (3) 

The I; is the dollar amount of misreported loss reserves, which is part of the "loss 
reserve error" as indicated in the study by Weiss (1985). I; is positive if over 
reserved, negative if under reserved, and equal to zero if there is no misreporting. 

Because the insurance market is very competitive, any increase in price may 
result in losing business to other competitors. Consequently the irresponsible insurers 
may lower down the premium rates in order to attract the consumers even though the 
rate regulation requires that rate must be adequate. Furthermore, in insurance practice 
there is a tendency that the insurers consider to compensate underwriting loss through 
investment incomes. Because premiums written are the source of funds for invest
ment, the insurer may lower down underwriting standards and premium rates to 
increase business when the investment market is profitable. This may be a potential 
reason for underwriting cycles (Doherty and Kang, 1988) and a possible cause for the 
insolvency of insurers when the investment performance does not come out as 
expected. In fact this is what had happened during 1980's. 

As indicated in the study by AM. Best Co. (1991), 28% of P/L insolvency cases 
are attributed to deficient Joss reserves and 21% resulted from rapid growth, both of 
them related to underpricing. Since the underreserving is more critical for insolvency 
than overreserving, the definition of "untruthful reporting" in this paper emphasizes on 
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the understatement of loss reserves (incurred losses) although the overstatement may 
also be regarded as misreporting. Besides, this paper restricts the manipulation of 
incurred losses to the case of under reserves. The purpose of untruthfully reporting 
and manipulation by the insurer is to increase the volume of business and total profit 
which includes investment profit as well as underwriting profit. 

We consider there are two situations of deficient loss reserves: intentional and 
unintentional default. The intentional insolvency is that the insurer not only misreports 
but also manipulates the incurred losses, that is, x=L -I; and L=u-S. While the 
unintentional insolvency involves only misreporting x=L-I;, but the insurer still main
tain the adequate level of loss reserves internally, i.e., L =u. Since both conduct 
misreporting, the regulator cannot distinguish the difference at the beginning of year 
due to information asymmetry. Therefore, we suggest that the regulator can adopt a 
two-step approach to reduce the chance of insolvency. First, induce the true 
reporting of claim cost estimation by redesigning the profit loading allowance at the 
beginning of year. Second, penalize the deficiency of loss reserves through auditing 
at the end of year. 

The model of solvency regulatory policy considered in this paper is one-period. 
At the beginning of year t the insurer subjectively maintains an estimated claim cost 
as L, but submits a financial report with cost estimate X to the commissioner to apply 
the approval of premium rates. Because of information constraint, the commissioner 
does not know the true parameter u and can only apply the reported accounting data 
X to adjust the premium rates for the insurer at the beginning of year t. Thus the 
ojbective of the regulator is to induce the insurer to report X truthfully as his internal 
estimate L. For those insurers without manipulation, this step is enough since the L 
is equal to u. But for those insurers with manipulation, L is less than u. Thus the 
commissioner needs a further step to induce the insurer to maintain adequate L equal 
to u. 

Since the manipulation is not observable ex ante at the moment of rating, the 
regulator usually has the authority to audit and penalize the insurer for manipulation 
ex post in order to monitor the solvency of an insurance company. Thus the 
regulator periodically conducts the on-site financial examination for the insurer. At 
the end of year t when more loss payments are made for the previous unsettled 
claims, the regulator is able to observe the manipulation level S by referring to the 
actual losses L.4 If the regulator considers the reported incurred losses are signifi
cantly deviated from a reasonable level of cost estimation, he will penalize the 
insurer. It is assumed that the regulator is able to commit himself to actually 
conducting the audit and imposing the penalth, i.e., there is no collusion between the 
regulator and the insurer.s 

The insurance commissioner is assumed to have the authority to impose a 
penalty(adjustment) N(L,S) on the insurer. The penalty is a function of realized claim 
cost L and the manipUlation level e. Since the insurer has the incentive to understate 
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the loss reserves, the regulator will impose a penalty when the estimated incurred 
losses are comparatively low and there is evidence of a high manipulation level. The 
means of penalization could be a request of increase in capital level of the insurance 
company or a contribution to guaranty funds in order to raise additional funds for the 
risky operation. This approach is consistent with the concepts of RBC and RBP 
developed in the recent years. 

Since in practice the penalty is always subject to a maximum amount, it is 
assumed N(L,O) cannot be unlimited (Barron and Besanko,1984). Besides, the actual 
losses may be accidental and the deviation may be not completely from manipulation. 
For example, the losses from natural disasters or macroeconomic factors as suggested 
by Winkler, Flanigan, and Johnson (1994). When the deviation of actual loss 
payments from estimated cost does not result from manipulation by the insurer, the 
regulator in general will not enforce the penalty. Therefore, the contingent capital is 
limited to a maximum amount. However, there is no subsidy if the insurer overstates 
the loss experience. This implies the penalty or N(L,O) will be constrained to be 
nonnegative. 

III. The Design of Profit Loading Allowance with An Incentive Scheme 

As described in the previous section, the risk of insolvency primarily related to 
underpricing due to market competitioin. Since in most states the premium rates 
must be approved before they are introduced to the market, the commissioner may 
develop the incentive scheme to induce true reporting from the insurance price and 
profit loading allowance. 

! 

The basic assumptions are that the insurer is risk neutral and the objective of his 
pricing decision is to maximize the expected total profit, including underwriting profit 

I and other profit such as investment profit. The purpose of underpricing is to compete 
business and increase total profit, which does not necessarily conflict with the 
rationality of solvency. The unintentional-default insurer still hope to maintain the 
adequate reserves level and continue the business, however, he considers to apply the ~. 
extra investment income to cover the claim cost instead of using premium income 
directly. In fact we have seen that many insurers suffer from underwritng losses but 
still maintain positive total profit in the market. However, in the view of sound 
operation, the commissioner does not welcome such business strategy because the 
investment market is highly fluctuated and the outcome of performance may be not 
as anticipated. Therefore the insurer is required to set up an adequate premium rate. 

In insurance market the premium rate is equal to the total cost plus a proft 
loading, w. The profit loading is usually a function of claim cost. Thus the 
insurance pricing formula may simply indicated as the following equation. 

P=L+k+w(L) (4) 

Traditionally the profit loading is set as a fixed percentage of claim cost such as 
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5%. Suppose the actual claim cost L is full informed, this pricing formula may be 
reasonable. However, the actual claim cost in fact is unknown at the moment of 

pricing and must be replaced with the reported incurred losses. If the 'regulator 

adopts a fixed-percentage profit loading, there is no incentive for the insurer to 
truthfully reoprt the internal estimate of claim cost L because the insurer may have 

other financial gains from misreporting the incurred losses. Therefore, the commis
sioner must redesign the profit loading with an incentive scheme in order to induce 

true reporting. 
The profit allowance with an incentive scheme for other procurement contracts 

usually in the form of linear combination of target profit and an extra penalty for the 

overrun of target cost because the contractors intend to over report the cost (Reichelstein, 
1992). In insurance market, the situation is reverse. The insurer prefers to understate 
the claim cost which may increase the insolvency risk. The regulator will impose an 
extra penalty for underreserves. Therefore, the model must be modified for the 
insurance market. The profit loading with incentive scheme for true reporting in 
insurance market can be described as equation (5). 

w(X, L) = a(X)+b(X)(X-L) (5) 

Equation (5) presents that the profit loading allowance is related to the actual 
cost level and the reported estimate. The a(X) in the above equation is the target 
profit allowance and b(X) is the incentive rate of extra penalty to discourage misreportng. 
a(X) and b(X) are functions of reported cost, instead of a fixed percentage. Depend
ing on the amount of reported cost X, the commissioner offers different levels of 
profit loading allowance. Therefore, the profit loading allowance under asymmetric 
information will be related to the truthfulness of claim cost reporting, which is 
supposed to be more effective to elicit the true information than a fixed percentage. 

Due to the characteristic of insurance contract, the profit loadng is determined at 
the moment of rating, i.e., the beginning of the year. Thus the insurer does not have 
realized cost L on hand at the moment of rating, and must evaluate the potential 
profit based on his own estimate L. That is, the expected profit loading is w(X, i) 
=a(X) +b(X) (X-i ). 

In order to derive the optimal incentive scheme for insurance profit loading, we 

must require that a(X) is a convex increasing function and b(X)=-a'(X). Thus the 
incentive rate b(X) is negative.(, These requirements guarantee that the expected profit 

loading allowance of true reporting will be not less than that of misreporting, that is 

a(L) ~ a(X) +b(X)(X-i) for all X. The mathematical proof and an example are 
provided in appendix 1. 

As indicated in the previous section the insurer may sacrifice underwriting profit 
and pursue investment profit to create a higher amount of total profit. The 

understatement of incurred losses will reduce the price and increase the business, 
therefore the insurer may collect more premium written for investment. The expected 
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total profit is equal to expected underwriting profit w plus expected investment profit 
y. The expected total profit for the insurer at the moment of rating is shown as 
equation (6). 

3t(X, L) =a(X)+b(X)(X-L) +y(X) (6) 

According to the revelation principle (Mayerson, 1979), an incentive-compatible 
regulatory policy is optimal if under which the insurer has no incentive to misreport 
its cost parameter. That is, an optimal solvency regulation must avoid the insurer to 
report the claim cost estimate untruthfully. This principle is important for the 
commissioner. As indicate in the previous section, the insurer may submit one 
estimate to the commissioner but apply another one for his business operation, which 
may result in insolvency in the near future. 

Therefore, the expected total profit without misreported incurred losses, 3t(L) E 3t 
(L, L), must be greater than the expected total profit with misreporting, 3t(X, L ). 
Under such incentive scheme, the insurer has no incentive to misreport the informa
tion and will always report x=L. The incentive-compatibility constraint can be 
described by equation (7). 

3t(L) == 3t(L, L) ~ 3t(X, L) (7) 

Therefore, 

3t(L) ~ a(X) +b(X)(X -L) +y(X) (8) 

Besides, it is assumed that the insurer is rational and does not intend to have 
negative expected total profit. Therefore, he will not issue insurance policies if the 
given regulatory policy would result in a negative profit. This assumption is realistic 
as we saw the phenomenon of "insurance crisis" in the 1980's when the liability 
insurance was not available. This implies the solvency regulation must also satisfy 
the "individual-rationality conditoin" as equation (9). 

3t(L) 0 (9) 

r.I. The Optimal Solvency Regulatory Policy with Incentive Scheme 

Based on the above discussion, we can infer that the insurer will always report 
x=L when the profit loading is set up with an incentive formula, and his expected 
total profit is 3t(L)=3t{a). Now we turn to analyze the solvency regulatory policy with 
incentive scheme. If the insurer is just underreporting the loss reserves but still keep 
adequate level of reserves internally, that is, the additional investment income is 
prepared to pay the claim cost, the insurer will not be insolvent. On the other hand, 
the insurer may launch into risky operation and make deficient loss reserves. Under 
such case the insurer is doing business with an under estimated claim cost L =a-B. 
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The expected total profit with manipulation is equal to expected underwriting 
profit (j) plus expected investment income y with L =a-e, that is, 

n(X, L) =n(L) =n(a-e) 
=a(a-e) +b(a-e)[(a-e)-(a-e)]+y(a-e) (10) 

Let's further distinguish the investment profit into the normal level of profit TJ(a) 
without manipulation, and extra profit due to manipulation £(e), that is, y(a
e)=TJ(a)+£(ev The extra benefit £ results from the manipulation of loss reserve, thus 
it is assumed to be a concave increasing function of e with nonnegative third 
derivative. Let e(a) denote the manipulation level that maximizes the expected total 
profit for the insurer when the mean of loss experience is a. The optimal level of 
manipulatioin e(a) will depend on the insurer's belief of mean claim cost a and the 
macroeconomic factors for investment which are out of control of the insurer. Thus, 
the expected total profit of the insurer can be rewritten as equation (11). 

n(a,e(a» =a(a-e(a»+TJ(a) +£ (e(a» (11) 

Based on equaton (11), we can derive the optimal solvency regulatory poley. 
First, let's stand on the point of the insurer, the strategy in reporting the incurred 
losses is to select an optimal level of e'(a) which maximizes the expected total profit. 
Therefore we take the first order condition of equation (11) with respect to e, and 
obtain the following condition. 

-a'(a-e(a»+£'(e(a»=O (12) 

By replacing -a' with b according to the result in the previous section, we have: 

b(a-e(a»=-£'(e(a» (13) 

Equation (12) shows that under the optimal incentive scheme the marginal 
underwriting profit reduced by the manipulation of incurred losses is equal to the 
marginal extra benefit earned through investment profit. Therefore, under a well
designed incentive scheme there is no advantage to manipulate the incurred losses 
since the expected total profit for the insurer is always the same (see appendix 2 for 
illustratioin). 

Based on the result of equatoin (13), we can infer that the optimal solvency 
regulatory policy to induce the sufficient reserves is to design a profit loading 
formula with an incentive rate equal to the negative of marginal extra benefit instead 
of applying a fixed percentage. The incentive scheme can response the insolvency 
risk of underreserves. 

For the previous insurers with misreporting but without manipulation, the profit 
loading formula a(X) +b{X)(X-L) is sufficient to prevent misreporting once a{X) is a 
convex increasing function and b(X)=-a'(X). However, for those insurers with 
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manipulation, the regulator must offer the profit allowance with carefully designed 
incentive rate b(a-6)=-a(a-6)=-s'(6). In order to derive the incentive rate function, 
the regulator must take into consideration of the investment environment and the 
manipulation level. This result is consistent with the argument that insurance 
premium rate must incorporate the investment profit as suggested by Fairley (1979). 

The information of investment factors such as interest rate or stock return usually 
are publicly available. However, the manipulation level is not observable by the 
commissioner since the commissioner does not know the meam cost a and is unable 
to observe the manipulation level 6(a) at the moment of rating. Therefore, the 
regulator may adopt a two-step approach to achieve ths objective. First, induce the 
true reporting of claim cost estimation by designing the profit loading allowance at 
the beginning of year with the regulator's prior belief of the mean claim cost. 
Second, charge a penalty retrospectively at the end of year to make up the prior 
biased estimation of mean cost. 

The regulator may project a reasonable range of manipulation level based on his 
prior belief of a although he lacks of the full information of a. It is assumed that 
the prior probability distribution function of a is F(a) which satisfy the monotone
increasing property.H Based on this prior belief of a and the reported claim cost, the 
commissioner could approve a premium rate PI=X+k+w(X, X) at the beginning of 
year. 

At the end of year, the information of actual claim cost L is realized. Then the 
regulator adjusts the profit allowance by charging a penalty (adjustment) retrospec
tively. According to the study by Chen and Li (1996), the retrospective rating is an 
optimal pricing scheme when the control effort is not observable. Therefore, the 
second step of solvency regulatory policy is to consider the imposition of a penalty 
N(L, 8) at the end of year through auditing. 

Since the premium rate which the insurer should have charged is P2=L+k+w(X,L) 
according to equations (4) and (5), while the price really charged by the insurer is 
PI=X+k+w(X, X). As the consumer surplus is the primary concern of the regulator 
(Bower, 1981), the difference between the price allowed and the price actually 
charged must be adjusted. Therefore the adjustment N(L, 6) is equal to the difference 
between PI and P2 as shown by the following equation. 

N(L, 6) =p2-p/ 
={L+k+w(X, L)}-{X+k+w(X,X)} 
=(L-X)+b(a-8(a»[(a-8(a»-L] (14) 

Equation (14) presents that the penalty charged retrospectively is equal to the 
amount underpriced, which is the sum of the understated loss reserves and the 
incentive charge for profit loading. In most of the regulated public-utility industries 
and procurement contracts, the regulator usually requests an adjustment in price due 
to overpricing. However, different from other procurement contracts, it is uncommon 
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to assess the premiums ex post in property-liability insurance industry. In fact the 
insurer has already underpriced, it is not logically to return the adjustment as a 
compensation to the consumers. 

To increase the consumer's surplus, we suggest that the commissioner charges the 
penalty by way of requesting an increase in capital to enhance the solvency and 
protection to policyholders because solvency is the most important concern for 
insurance buyers. The commissioner may request an increase in insurer's surplus 
(capital) by an amount as the sum of deficient loss reserves and the incentive charges. 
Since the incentive charge reflects the manipulation level by the insurer, it is related 
to the insolvency risk of the insurer. Therefore, this adjustment is a risk-based capital 
which may help to prevent the insolvency risk and increase the consumer's surplus. 
An alternative way to handle the penalty is to request a contribution to the guaranty 
funds. 

V. The Concluding Remarks 

The problem of asymmetric information in designing an optimal regulatory policy 
is unavoidable because the inherent characteristics of insurance industry. The 
uncertainty of claim cost and settlement process in property-liability insurance indus
try offer a good opportunity for the isurer to manipulate the loss reserves. In the 
traditional pricing method, the profit loading is a fixed percentage of the claim cost 
which provides no incentive for the insurer to reduce the manipulation of loss 
reserves. Since deficient loss reserves are the most important factor for insolvency 
risk, the regulator must consider to reform the solvency regulation and the pricing 
formula. 

The model developed in this paper suggests that the profit loading in price 
formula must be redesigned with an incentive scheme to discourage the misreporting 
of incurred losses. We first distinguish the understatement of loss reserves into two 
cases: (1) misreporting on the financial statement but not manipulating internally, and 
(2) misreporting and manipulation. The first case is trivial because it will not result 
in insolvency if profit loading allowance includes an incentive scheme. For this case, 
a profit loading formula with incentive scheme, a(X) +b(X)(X-L), is sufficient to 
prevent misreporting as long as a(X) is a convex increasing function and b(X)=-a'(X). 

However, for the insurer with manipulation which causes deficient loss reserves 
and insolvency, the regulator must offer the above profit loading formula with careful 
design of incentive scheme, that is, the incentive rate b(X) must be equal to the 
negative of marginal extra benefit -£'(e) earned with manipulation level of e. The 
regulator may adopt a two-step approach to achieve this objective because the 
manipulation level is not observable ex ante and thus b( a-e) is not available at the 
moment of rating. First, induce the true reporting of claim cost estimation by 
designing the profit loading allowance at the beginning of year with the regulator'S 
prior belief of the mean claim cost. Second, charge a penalty retrospectively at the 
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end of year to make up the prior biased estimation of incentive rate. The 
retrospectively charged penalty is equal to the amount underpriced which is the sum 
of the understated loss reserves and the incentive charge for profit loading. There
fore, there is no advantage to manipulation and underpricing. 

This study can provide a modification for current the risk-based capital (RBC) 
requirement in the recent solvency regulation reforms. Since 50% the current RBC 
related to loss reserves (Cummins, et aI, 1995), the true reporting of loss reserves is 
critical for the success of RBC reform. Otherwise, underreserves which result in 
lower RBC will cause adverse selection effect in the insurance market. According to 
the analysis of this paper, the insurer must be responsible and keep adequate capital 
against the his own potential risk of insolvency due to manipulation on the loss 
reserves. The commissioner may request an increase in surplus level (capital) by the 
amount underpriced retrospectively which includes an incentive charge. Thus, it is a 
risk-based capital. 

To maintain adequate level of loss reserves is the ultimate goal for the reform of 
solvency regulation, while to induce the true reporting is the first step for the reform. 
The truthful reporting of loss reserves contributes in fact not only to the solvency 
regulation but also the rate regulation because the ratemaking decision largely 
depends on the data of incurred losses. This paper is a primitive study of agency 
relationship between the insurer and the regulator under asymmetric information 
setting. The primary purpose is to signify the information effect on the insurance 
solvency regulation, which follows the recent innovation of research in regulatory 
economics during the past decays (see Laffont, 1994). 

The finding suggests that by way of designing the profit loading allowance with 
an incentive scheme, the regulator can induce adequate loss reserves and reduce 
insolvency risk. If the functional forms of the extra investment benefit and the 
probability distribution of the mean cost are specified, the incentive rate can be 
determined. The future study can extend research on this point. 

Note: 

l.The difference between asset and liability is usually called "equity" in accounting, 
while it is called "surplus" in insurance. Insolvency m",;JIlS that the asset is not 
enough to pay liability, which implies a negative equity or surplus level. 

2.The number is based on the data of Best's Aggregates and Averages, 1994. 
3.For example, G may be a gamma distribution or distribution (see Hogg and 

Klugman, 1984). In practice, distribution functions of losses have been well studied 
by the actuaries and become familiar to most of the insurance people. Therefore, 
this assumption will not be too artificial. 

4.In this paper we 	assume the insurance claims of year t-l will be settled at the end 
of year t. i.e, loss settlement delays only for one year. Thus the regulator can 
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observe claim cost L at the end of year t even though he can not know a at the 

beginning of year t. The regulator may refer the information of L to audit the 

insurer since the loss distribution function G(Lla) is commonly known to the 
t regulator. If there is significant deviation between X and L, then the regulator may 
~ .. 

consider the insurer manipulated the incurred losses and charges a penalty. In 

practice, the loss settlement delays may involve several years instead of one year, 

however, the same reasoning can be applied to those cases. 

5.Usually this assumption is acceptable since legislation does not allow such collu

sion. The case of collusion between the auditor and the firm has been studied by 

Kofman and Lawarree (1993). 

6. In most 	of procurement contracts, the a(X) is a convex decreasing function and b= 
-a' to prevent the overrun of cost. However, the insurance profit loading must be 

designed to avoid understatement of incurred losses. Therefore, a(X) is required to 
be a convex increasing function and consequently b is negative in our case. 

7.Because the insurer collects the premiums in advance and pays claims thereafter, 

the insurer always earns certain investment profit due to the time lag between 
premium collection and loss payments even if there is no manipulation of incurred 

losses. 
8.The monotone-increasing property states that 	d[F(a)/f(a)]/da 0, which are satis

fied by most common probability distributions (Laffont and Tirole, 1993, p66). 

Appendix 1. 

According to the text, the profit loading formula is oo(X, L) =a(X) +b(X)(X -L). To 

find the maximum value of 00, we take the first order condition of 00 with respect to 

X. That is, 

a'(X) +b'(X)(X-L)+b(X)=O 	 (AI) 

Since true reporting implies x=L, the second term of equation (AI) is equal to 

zero when true reporting. Therefore, a'(X) +b(X)=O, i.e., b(X)=-a'(X). Because a(X) 
is a convex increasing function, the incentive rate b(X)=-a'(X) will be negative. By 

replacing b(X) with -a'(X) in the equation of 00, we have 

a(X) +b(X)(X-L) =a(X)-a'(X)(X-L) 	 (A2) 

Then a(L) ~ a(X)+b(X)(X-L) for V X because a(X) is a convex increasing func

tion. Table 1 provides and illustration for the incentive scheme. 
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Table 1. 
An example of profit loading allowance with incentive scheme, assumed L= $1000. 

a(X) b(X) m(X)X 

500 45 -0.01 50 

600 46 -0.02 54 

700 48 -0.03 57 

800 51 -0.04 59 

900 55 -0.05 60* 

1000 60 -0.06 60* 

1100 66 -0.07 59 

1200 73 -0.08 57 

1300 81 -0.09 54 

1400 90 -0.10 50 

1500 100 -0.11 45 

*The 	equal values of m's are due to discrete X in this example. We will have a unique 

maximum value of m at X=I000 in case X is continuous. 

Appendix 2. 

Based on the result in the text, we know that a'(a-6(a))=E'(6(a)), a(a-6(a)) is 
convex increasing function and E(6) is a concave increasing function. Their relation
ship can be illustrated by figure 1. 

figure 1. 

a(a-8(a» 

-6 r 6 
o 

Figure 1 can be rearranged as figure 2. 

figure 2. 

a a-6(a) 

o 6 
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Based on figure 2, we can see that the sum of a(a-(8(a» and £(8) is all the same l 


as the height of the box no matter what value of 8. Thus for a given a 

advantage to manipulated the incurred losses since the expected total profit :n:(a,6(a» 

=a(a-8(a» +rl(a) H(8(a» for any 8. 


References: 

1. AM. Best Company, 1991, "Best's Insolvency Study: Property/Casualty Insurers 
1969-90", Oldwick, NJ. 

2. D. Baron and D. Besanko, 1984, "Regulation, Asymmetric Information, and Audit
ing", Rand Journal of Economics, pp447-470. 

3. J. Barrese and J Nelson, 1994, "Some Consequences of Insurer Insolvencies", 
Journal of Insurance Regulation, pp3-18. 

4. R. Bower, 1981, "Discussion," Journal of Finance, pp397-399. 
5. R. Brown, 1993, "Introduction to Rating and Loss Reserving for Property and 

Casualty Insurance", ACTEX Publications, Winsted, Conn. 
6. T. Chen and S. Li, 1996, "Retrospective Rating Method and Loss Control Incentive 

for Insurance", Journal of National Chengchi University 72, forthcoming. 
7. J.D. Cummins, 1988, "Risk-Based Premiums' for Insurance Guaranty Funds", Jour

nal of Finance, pp823-839. 
8. J.D. Cummins, S. Harrington, and R. Klein, 1995, "Insolvency Experience, Risk

Based Capital, and Prompt Corrective Action in Property-Liability Insurance", 
Presented at 1995 Insurance and Actuarial Meeting, Feng Chia University, Taipei, 
Taiwan, ROC. 

9. J.D. Cummins, S. Harrington, and G. Niehaus, 1993, "An Economic Analysis of 
Risk-Based Capital Requirements in Property-Liability Insurance Industry", Journal 
of Insurance Regulation. 

1O.N. Doherty and H. Kang, 1988, "Price Instability for a Financial Intermediary: 
Interest Rates and Insurance Price Cycles", Journal of Banking and Finance, 
pp199-214. 

11.Fairley , 1979, "Investment Income and Profit Margins in Property-Liability Insur
ance: Theory and Empirical Tests," Bell Journal of Economics, ppI92-21O. 

12.T. 	Hartmann-Wendels, 1993, "Optimal Incentives and A'lymmetric Distribution of 
Information", European Journal of Operational Research, ppI43-153. 

13.R. 	 Hogg and S. Klugman, 1984, "Loss Distribution", by John Wiley and Sons 
Publishing Co., New York, NY. 

14.A 	Kirby, and et aI, 1991, "Participation, Slack and Budget Based Performance 
Evaluation," Journal of Accounting Research, pp 109-128. 

15.F. Kofman and 	J. Lawarree, 1993, "Collusion in Hierarchical Agency", Econometrica, 
pp629-656. 

16.1. Laffont, 1994, "The new Economics of Regulation Ten Years After", 

- 98



f~ fit -t- flJ ~ 44 .M- 85 Jf- 6 Jl 

Econometrica, pp507-537. 
17.J. 	 Laffont and J. Tirole, 1986, "Using Cost Observation to Regulate Firms", 

Journal of Political Economics, pp615-647. 
18.J. 	 Laffont and J. Tirole, 1993, "A Theory of Incentives in Procurement and 

Regulation", MIT Press, Cambridge, MA. 
19.R. Mayerson, 	 1979, "Incentive Compatibility and the Bargaining Problem", 

Econometrica, pp61-74. 
20.P. Munch 	 and D. Smallwood, 1982, "Theory of Solvency Regulation in the 

Property and Casualty Insurance Industry. In G. Fromm, ed. "Studies in Public 
Regulation", MIT Press, Cambridge, MA. 

22.S. Reichelstein, 1992, "Constructing Incentive Schemes for Government Contracts: 
An Application of Agency Theory," The Accounting Review, pp712-731. 

23.A. Saunders, 1994, "Financial 	 Institutions Management: A Modem Perspective", 
Irwin Publishing Co. IL. 

24.B. 	Smith, 1980, "An Analysis of Auto Liability Loss Reserves and Underwriting 
Results", Journal of Risk and Insurance, pp305-320. 

25.T. 	 Troxel and G. Bouchie, 1990, "Property-Liability Insurance Accounting and 
Finance", American Institute for Property-Liability Underwriters, Malvern, PA. 

26.M. Weiss, 1985, "A Multivariate Analysis of Loss Reserving Estimates in Prop
erty-Liability Insurers", Journal of Risk and Insurance, pp199-221. 

27.D. Winkler, G. Flanigan, and J. Johnson, 1994, "An Analysis of State Guaranty 
Fund Assessments for Property-Casualty Insurers from 1979-90", Journal of Insur
ance Regulation, pp314-367. 

- 99




