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Abstract

The accuracy of loss reserve estimation is important for determining the
fair price of an insurance policy. According to the previous studies, the loss
reserves are vulnerable to manipulation by the insurer in order to pursue certain
financial purposes. To prevent the manipulation and inadequate rates, the insurer
is required to obtain the approval of rates from the regulator. However, the
regulatory review process may cause time lag between price and claim losses
information and thus offset the effect of prior-approval.

The purpose of this paper is to provide a theoretical model to explain the
relationship between the moral hazard of loss reserves manipulation and prior-
approval rate regulation for property-liability insurance rating decision, with
consideration of asymmetric information between the insurer and the regulator.
Based on the optimal control theory, this paper develops a dynamic optimization
model to analyze the manipulation behavior of the insurer. The findings of this
paper imply the following two points. First, the higher level of manipulation,
the higher probability for the insurer being audited. Second, the regulatory
reviewing lag will induce the level of manipulation, i.e., the longer the lag, the
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higher the level of manipulation. The results of this study suggest that the
regulator can reduce the level of loss reserves manipulation through the
improvement of efficiency in the regulatory review process.

1. Introduction

The principle of insurance rate regulation is that the rate must be adequate,
not excessive, and not unfairly discriminatory to the consumers. Although this
principle looks simple and obvious, it is difficult for the consumers to judge
whether the rate is fair or not due to the complexity of insurance losses information
and calculation techniques. Therefore, in most of the countries the insurance
premium rate is not determined based on market completition, but is set subject
to certain regulatory interventions such as rating methods and prior-approval
requirement.

It has been a long debate whether the regulatory intervention would increase
the price level due to the delayed response of claim costs, or reduce the rates because
of political pressure from the consumers and regulators. Some studies (e.g. Witt
and Miller, 1981) based on the empirical analysis of the U.S. private auto insurance
market suggest that regulation will lead to higher prices during the periods of
downward pricing and to lower prices during the periods of rising prices. Cummins
and Outrevile (1987) suggest that regulatory lag may be a cause to profit cycles
in property-liability industry. On the other hand, Grabowski et al (1989) conclude
that regulation decreases the unit price of automobile insurance, especially for liability
coverage. Harrington (1984) finds that there is no significant difference in prices
between the regulated and unregulated markets.

According to the fair rate principle, insurance premium rate is equal to the
present value of expected losses. The estimation of expected losses usually must
refer to the incurred losses on the financial reports. In fact, one of the most popular
rating methods for property-liability insurance is the loss ratio method (see Brown,
1993), in which the information of incurred losses plays a crucial role. The incurred
losses reported on the financial statement are equal to the sum of paid claims and
loss reserves of this year minus the loss reserves of last year (see Troxel and
Brouchie, 1990). Since a large proportion of incurred losses are loss reserves, the
accuracy of loss reserves estimation has a significant impact on insurance price level.
It has been an interesting topic in insurance research to evaluate the accuracy of
loss reserves because the forecast of future losses opens wide space for the insurer
to manipulate the losses data. Weiss (1985) and Grace (1990) conduct empirical

- 498 —



Incentive of Loss Reserves Manipulation and Rate Regulation in
Property-Liability Insurance Industry

analyses and both conclude that loss reserve errors are not random and may be
manipulated by the insurer. They suggest that the loss reserve errors are related
to taxable income and income smoothing, as well as the unanticipated inflation.

The accuracy of loss reserves estimation is important not only to the premium
rate but also to the solvency of the insurer. According to the study by A. M.
Best’s Company (1991), deficiency of loss reserves (i.e. underpricing) is the primary
factor for financial distress of the insurance companies, accounted for 28 percent
of the insolvent cases examined. Therefore, how to control the manipulation of loss
reserves becomes the top-concerned subject by the regulator.

To prevent the manipulation of reported losses and the inadequate premium
rate, the insurer is usually required to submit the losses information and schedule
of premium rates to the commissioner for the approval. However, because of the
information asymmetry between the regulator and the insurer, the insurer has more
information and better techniques in estimating the loss reserves. The truthfulness
of reported losses is not easy to judge. The regulator may monitor the insurer by
way of auditing and charging a penalty in case the insurer is found manipulating
the reported losses. The insurer’s expected profit will of course reduce if being
audited and charged a penalty, which can deter the manipulation of loss reserves.
However, the auditing cost is high in practice and the regulator will not conduct
the auditing for every case but only do with probability. Random sampling for
auditing may induce the incentive of manipulation because the insurer may be
opportunistic. Therefore, it is interesting to study the relationship between the
incentive level of manipulation and the auditing probability.

In practice the prior-approval approach is popular and widely adopted in most
of the regulated industries. The regulatory lag resulted from prior-approval procedure
is important to pricng decision of the firm. The length of time over which the prices
are subject to regulatory review and thus are fixed is a crucial factor in determining
price schedules (see Laffont and Tirole, 1993). The objective of prior-approval
regulation in insurance industry is to provide some barrier for misreporting of
losses and inadequate premium rate, but the prior approval procedure may cause
regulatory lag and delay the adjustment of premium rate to the claim costs (Cummins,
1990). That is, there is a contradictory incentive scheme in the prior-approval rate
regulation.

To prevent the potential profit loss from regulatory lag, it is highly possible
that the firm will take into account of the length of time lag when setting the price.
For example, if the regulatory review requires six months, the firm may submit
a price schedule which is a forecast for the price level of six months later instead
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of next day. Under such situation, the insurer must consider more factors for
forecasting and it becomes more difficult for the regulator to inspect the insurer.
Therefore, the regulatory lag offsets the effect of prior-approval regulation. Due
to the complicated loss settlement process of property-liability insurance, the claim
costs cannot be realized at the end of accounting year (see section II for details).
Even if the financial statement are audited by the certified public accountants
(CPA), it is impossible to decide the accurate level of claim costs for the current
year.

Gort and Wall (1988) have shown that the impact of regulatory lag on the
investor’s foresight may reduce the power of the regulator for the public utility
industry. Several empirical studies have contributed to this subject and suggested
that the regulatory lag dose have an impact on insurance price (e.g., Tennyson,
1993), but it lacks of theoretical analysis to show whether the regulatory lag
will induce the incentive of manipulating loss reserves and thus affect the price
level.

The primary purpose of this paper is to provide a theoretical model to explain
the relationship between the incentive of loss reserves manipulation and rate regulation
for property-liability insurance pricing decision, with consideration of regulatory lag
and information asymmetry between the insurer and the regulator. Numerous studies
of agency theory and regulation economics have pointed out that asymmetric
information will induce the incentive of moral hazard (Laffont, 1994). Regulatory
lag has been identified as a medium through which the commissioners may be able
to affect the behavior of the firm in other industries (Atkinson and Nowell, 1994).
While several studies have proved that the regulatory lag has an impact on insurance
price as indicated in the above, the direct analysis of loss reserves manipulation
behavior in the insurance industry has not been investigated yet.

Sine the insurer’s rating decision and forecast of loss reserves usually involve
the timing problem of regulatory lag as well as the probability of auditing, the model
must take into account of these dynamic elements. The methodology used in this
study is based on the optimal control theory which is considered as a useful technique
for dynamic optimization problems and has been applied in economic research
extensively (Chiang, 1992).

The structure of this paper is organized as follows. Section II describes the
underlying relationship between insurance cost and premium rate. Section III
introduces the basic model of insurer’s pricing decision without the regulatory lag
to provide a preliminary understanding of the analysis procedures. Section IV
extends the pricing model with consideration of the regulatory lag. The interpretation
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of the findings and concluding remarks are provided in section V.

II. Imsurance Cost and Price

The rate regulation requires that the insurance price should be adequate, not
excessive, and not unfairly discriminated. In principle, the price of insurance is
composed of pure premium as well as expense and profit loading. Pure premium
which accounts for the major proportion of insurance price is primarily based on
the present value of expected claim costs. The expense and profit loading is equal
to a percentage of pure premium. Since the loading is a constant percentage
of pure premium, it is usually omitted in most traditional insurance literature.
Therefore the insurance premium rate in theory is formulated as the discounted value
of total expected claim cost.! Then the forecast of the expected losses and the
selection of discount factor become the major concerns in insurance literature
(Cummins and Harrington 1987). For example, Fairley (1979) applies CAPM theory
and proposes an underwriting beta for insurance price. The forecast of expected
losses involves complicated actuarial techniques as indicated in the study by Taylor
(1986).

The premium rate in theory is equal to the present value of expected losses.
However. since the insurer’s objective is to maximize the total profit, it is highly
possible the price will be deviated from the fair rate principle if without monitoring
by the commissioner. As indicated in the study by Wilson (1981), the investment
return is also an important factor for insurance price. The insurer may adjust the
premium rates and underwriting standards to pursue the investment income or other
financial purpose such as taxation. Consequently, the insurer’s ratemaking decision
in fact is not just based on the expected losses.

As discussed in the above, the insurance premium rate in practice is based
on loss ratio method. The regulator gives approval of rate modification after reviewing
the loss ratio of the insurer. Thus the insurer may manipulate the loss ratio if

I Usually the (pure) premium rate P, in theory is equal to the following equation:
P. = Li { o EWL) / (1+r)" }

where, P, is premium rate of an insurance policy at time t
«; is the proportion of claim cost paid at time t+i
E(L;) is the expected claim cost of an insurance policy of time t
r is the discount rate.
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he intends to adjust the premium rate to meet his financial purposes. Since premiums
earned are just premium incomes adjusted with accounting period, there is little
space for manipulation. On the other hand, the incurred losses with large amount
of loss reserves highly depend on the insurer’s forecasting techniques, which are
difficult to be detected by the regulator and thus may be subject to manipulation
by the insurer. Therefore, this paper focuses the discussion of manipulation on the
loss reserves.2.

In order to develop a realistic pricing model which is consistent with the
ratemaking decision behavior in insurance market, the action of manipulation
(i.e., moral hazard) must be taken into consideration. The total cost and claim
losses of an insurance policy in this paper are expressed by the following

equations.
C =1L +k (1)
L=L+c¢ )
C=L+¢k A3)

Equation (1) presents that actual total cost of an insurance policy C is equal to
the claim losses L plus a fixed cost & such as the administration expense an
commission. Since the actual losses are a random variable and not realized at the
beginning of the year, the insurer must make a forecast of the claim losses. Let
L is the rational (unbiased) estimate of L based on all the information available
and the € is white noise for forecasting error. The relationship between the actual
losses and its unbiased forecast is shown by equation (2). Therefore, the expected
total cost of an insurance policy at the beginning of the year C is equal to L+k
as shown by equation (3) since the expense is assumed a fixed cost and not involved
with forecasting.

Equation (4) shows the action of manipulation. The reported incurred losses
L is equal to the unbiased forecast of claim losses plus an adjustment X(6) due

2 The ‘‘loss reserves’” in this paper are referred to total loss reserves which include
bulk reserves and case reserves, The ‘‘incurred losses’’ on the financial statement
for year t is equal to total loss payments during year t plus the loss reserves for
year t minus loss reserves for year t-1. The definitions of terminologies and the
details of property-liability insurance accounting procedures are provided in the
appendix 1.
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to the manipulation action 63. Equation (5) means that insurer’s price is a function
of reported incurred losses, expense and profit loading e, and investment return
r in the market, while the reported incurred losses can be decomposed of unbiased
forecast of losses and the manipulation parameter.

L =1L + X0 4
P =(, e r
=P e 1 0 (5)

We consider that dP/3L > 0, dP/de > 0, dP/dr < 0, and dP/30 > or < 0.
Price usually is an increasing function of claim losses and expenses, while it is
a decreasing function of investment return because the insurer may reduce price
and underwriting standard to attract premiums written for the investment funds. The
effect of moral hazard parameter § on the price level may be positive or negative
depending on the purpose of ratemaking. The insurer may intentionally raise the
price to have excessive premium income, or reduce the premium rate to pursue
the investment income.

According to the previous studies (e.g. Grace 1990), the insurer may have
intention to manipulate the loss reserves information on accounting reports due
to some financial purposes. Since the loss reserves are one of the most important
factor in estimating the claim cost, their manipulation will have an impact on
price and profit. The insurer may lower down the loss reserves to satisfy the
regulatory requirements,* or reduce price level to attract the investment funds,
but sometimes the loss reserves are overstated to have more conservative under-

3 The exact definition uf @ is the parameter of moral hazard or manipulation action as
used in the agency theory literatare, e.g., Barron and Besanko (1984). The action of
moral hazard itself usually cannot be observed directly, but the observation of moral
hazard may be done indirectly through auditing the financial data of the firm. That is,
the amount of manipulated losses X(6) is observable which is a function of 6. However,
such distinction is omitted in the following discussion of this paper because it is redundant
and makes no additional contribution. In the following discussion, we will simply use
the parameter § for either the action or the amount of manipulation X(6), depending on
the context.

4 For example, the NAIC early warning system requests that the one-year reserve
development to prior year’s surplus and the two-year reserve development to second prior
year’s surplus must be less than 25% (see Troxel and Bouchie, 1990).
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writing performance.’ No matter understatement or overstatement of the loss reserves,
we consider the purpose of manipulation is to increase the expected profit.

The expected total profit of the insurer with manipulation on reported losses,
w; (8), is shown as equation (6).

T @ = {P(L e r, 8 — C} + I 0

= {P,0) - C} + L, (6)

The bracket in equation (6) represents the expected underwriting income which
is equal to premiums minus the expected total claim cost C. The second term
I, (r, 8) is the expected investment income. The investment return r is of course
a factor for expected investment income. Since the sources of investment come from
the premiums written at manipulated price, it is also related to 6 because the insurer
earns extra profit from manipulating the loss reserves. Assumed all the other variables
L, e, and r are given and omitted in the following discussion, then the profit equation
is revised as function of one variable §. Since the purpose of misreporting is to
increase the total profit, the more effort of manipulation made by the insurer is
expected to generate the higher expected total profit, but with a decreasing rate.
Provided all the other variables L, e, and r are given and omitted in the equation,
then the profit function is assumed to be a strictly concave function of moral hazard
parameter. That is, «,"®) > 0, «,"(0) < 0.%

The moral hazard parameter is only known to the insurer. It is not observable
directly by the regulator. However, the regulator may observe the misreporting
of losses by way of auditing. The profit is reduced if the regulator makes auditing
on the financial statements and charges a penalty for misreporting. Under such

5 Due to the characteristics of underwriting cycles in property-liability insurance industry,
the insurer may become more coonservative for their underwriting standards during the
years of increasing underwriting losses (see Cummins and Outreville, 1987).

5 The model developed in this paper is emphasized on the total expected profit which is
the sum of the underwriting profit and the investment profit. Although the reduced premium
rate may result in lower underwriting profit, it is assumed that the reduction in underwriting
profit will be compensated by the increase of extra investment profit. That is, we assumed
the insurer is rational and he will not reduce the premium rate if investment profit is
not good enough to cover the lost underwriting profit. Therefore, the manipulation will
always make the expected total profit higher if without auditing. The decreasing rate for
the increment of expected total profit is simply a common mathematic assumption for
utility function as applied in most of the economic literature.
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situation the insurer must set price at the level of fair rate. The expected profit
based on fair rate is not a function of the moral hazard parameter 0, indicated by
the following equation.”

m = {P(L, e r,) — C} + L(r)

The difference between w, and w, reflects the potential extra profit from
manipulation. The extra profit (mw;,—m;) will equal to (P,—P;) plus (I,-1).
Besides, the insurer will be charged a penalty if being audited. According to the
study by Baron and Besanko (1984), the optimal solution of penalty to induce true
reporting is a flat amount of maximum value N,0 < N < o.

Finally, it is assumed that the insurer is risk neutral and sets the price with
objective to maximize the expected total profits.

III. The Basic Model

According to the description of previous section, the objective of ratemaking
decision of the insurer is to maximize the expected total profit. The insurer believes
that there are two possible levels of expected total profit: (1) profit level if not
being audited (=,), and (2) profit level if being audited (=), and a penalty N.
The profit function =, is assumed to be a strictly concave function of moral hazard
parameter 6. That is, =,’(§) > 0, «,"() < 0, as indicated in the previous
section. The expected maximum profit with auditing, w,, is to be independent of
6 since it is equal to underwriting income and investment income but without extra
profit from manipulation. It is obvious that =, < .

Since insurance price involves complicated calculation and it is impossible for
the consumers to monitor the insurer by themselves, the regulatory surveillance is
always required. However, the regulator will not audit every insurer because of
the auditing cost. Whether (or when) the regulator will conduct the auditing is not
known to the insurer at the moment of ratemaking. Thus, the insurer may take
chance of not being audited and charge a biased rate in order to earn the extra
profits.

7 The investment income is replaced with I, because the sales volume based on fair-rate
price may be different from the previous case and the sources for investment (premiums
written) will be rearranged. Consequently the investment income may be different.
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Let the probability for the insurer being audited by time t be F(z), with
F(0) = 0, F(t) < 1. The conditional probability density of auditing at time t,
given that there is no occurrence of auditing prior to time t, is F'(t)}/[1-F(t)]. It
is assumed that the conditional probability density of auditing is an increasing, convex
function of #. This assumption is to reflect the situation in practice that the probability
of auditing will increase as the level of manipulation rises.® Let 0(¢) denote the
level of moral hazard (manipulation) at time t which is assumed a piecewise
continuous function of time, and define g(6(¢t)) = F'(t)/[1-F(t)], then g(0) = O,
g' ) = 0, g"0) = 0.

Because the property-liability insurance claim settlement is very lengthy,
especially for the long-tail lines, it may take several years to finish a claim.
Therefore, the insurer’s ratemaking decision usually must take into account of time
value, that is, the decision is made based on the present value of expected profit.
Supposed the instantaneous force of interest rate is 6, then the discount factor for
the case of continuous time is ¥ (see Kellison, 1991). Therefore, the objective
of ratemaking decision of the insurer is to maximize the present value of expected
profit subject to the probability constraint of being audited. We express this problem
by an optimal control model as indicated by the following equations (see Kamien
and Schwartz, 1981).

max jo e {m(6(1))[I-F(1)] + mF(t) — NF(t)}dr ®)
s.t. F'(t) = g(0(t))[I-F(t)], 0 <t <= T 9

F©) = 0, F(T) is free within [0,1] (10)

T in the model is the maximum time point to finish claim settlement of the
insurance policy. The value of T in practice varies with insurance lines. It can be
as short as one year, or can be very lengthy for more than fifteen years. The
equation (8) shows the present value of expected profit at time t, which composes
of =, if no auditing conducted by t, as well as 7, and N if with the regulatory

8 Although the moral hazard parameter itself is not observable, the regulator can observe
the price level (p(f)) and losses information. Based on the fluctuations of price level,
the regulator will decide to audit the insurer or not. Because of the underwriting cycles
in property-liability insurance industry, manipulation may raise or reduce the premium
rates, i.e., 6P/66 may > 0 or < O from time to time, but its purpose is always to
maximize the profits. It is impossible to express an increasing convex function based on
cyclic price p. Thus we express the density function on 6.
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intervention. The state variable in this problem is the auditing probability F(t), and
the control variable is 6(z). Thus the insurer’s target is to choose an optimal 0*(t)
to maximize his expected total profit. Based on the above equations, the current-
value Hamiltonian H, is shown as follows (see Chiang, 1992).

H = m@@)U-FO] + mF@) — NF@) + MNog@@) [I-F)] (I

(4

where, \(t) is the current-value Hamiltonian multiplier.

The typical procedures to find the optimal solution for an optimal control model
are taking the first order conditions of H. with respect to the control variable, the
state variable, and the multiplier. That is,

oH./060 = O - 7, @)[I-Ft)] + Ng' O)I-F@t)] = 0 (12)

OH./8F = -\' + O\ - N =m — m + N + Ng@® + & (13)
0H./O\

F - F'(t) = gO@)-F(1)) (14)

According to Arrow’s Theorem (Kamien and Schwartz, 1981), if F* and 6*
are optimal solutions, then F*, 0* and \* must satisfy the constraints (9) and (10)
and also the conditions (12)-(14). Therefore a solution to the necessary conditions
(12)-(14) 1s also a solution to the optimization model of (8) and (9). It can be shown
that the necessary conditions can be satisfied by constant values of 6* and N* based
on the study by Kamien and Schwartz (1971). They suggest that there is a unique
solution 6* which is some appropriate constant that satisfies m;(0*) > . Since
the differentiation of a constant is equal to zero, the constant N*(t) satisfying equation
(13) is as follows.

N1 = —(m0%) — m, + N) / [g0%) + 8] (15)

Because the multiplier equation N\(z) is the marginal valuation of the associated
state variable at time t, it measures the influence of the state variable F on the
optimal value of the objective function. As indicated in the above, m; is greater
than 7, and N is a positive amount, consequently \* is negative in equation (15).
The interpretation of the negativity of A\* is interesting because it reflects the fact
that an increment in the state variable F (auditing probability) will reduce the optimal
expected value of profit. The higher the probability of being audited, the lower
the expectation of profit for the insurer since he has less chance to earn the extra
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profit through manipulation.

Since the value of the control variable 6* that maximizes the current Hamiltonian
H,. satisfies equation (12), it will also satisfy the following equation (see
appendix 2 for proof).

w, 0%) gO*) + = ,(0% & = [m,@0% — 7, + N g' (6% (16)

The equation (16) shows that under the optimal situation, the changes in the expected
profit from insurer’s manipulation in loss reserves are related to the penalty charged
by the regulator N, profit difference m; — w,, and the conditional probability of
auditing. The left-hand side of equation (16) is the expected marginal profit with
interest incomes, while the right-hand side is the expected profit difference and
regulatory penalty times the marginal probability density of being audited. Therefore,
the optimal solution may be concluded with the situation that the expected marginal
benefits through manipulation is equal to the marginal value of expected profit
difference and regulatory penalty.

Furthermore, the optimal function of auditing probability F*(t) may be found
through integrating equation (9) by setting 6(z)=6*, which is shown as follows
(see appendix 3 for proof).

Fr) = 1 — 30 (17)

Equation (17) explains that the probability of being audited is positively related to
the level of manipulation. The higher the level of moral hazard, the larger the chance
of being audited. Since g(@) is an increasing convex function of 8, it will become
extreme large as 6* increases. Consequently, the ¢*®” will approach to zero and
F will be close to one. The interpretation of this result for the insurance industry
is that the highly manipulated financial reports are more possible to be audited and
cause regulatory intervention than the slightly misreported cases. This result is
reasonable in practice. Due to the consideration of auditing costs and impact on
insurance price, the regulator usually concerns more on the severe manipulation and
starts auditing from these insurers.

IV. Ratemaking Decision with Regulatory Lag

The model developed in the previous section shows that the probability to
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conduct auditing will be related to the current financial reports, which implies
that the commissioner can investigate premium rates immediately. However,
it may be more realistic that the regulators’s intervention usually will be
somewhat delayed. The regulator may be not able to conduct auditing immediately
because the review of premium rates takes a long time. Therefore, there is
delayed response between the regulatory intervention and the insurer’s ratemaking
decision.

Figure 1 illustrates that concept of time lag for insurance rate making
process. Due to the lengthy claim settlement process of the property-liability
insurance, the insurer must make the rates based on the estimated claim costs,
i.e. incurred losses, which include loss reserves and loss payments (see appendix
1 for the details). Therefore, the insurer may manipulate the claim cost information.
At the moment of ratemaking, the commissioner may not be able to audit the
insurer immediately because he lacks of the actual claim cost information. The
regulator may take auditing at some future time point since the claim cost
information related to ratemaking will be revealed from time to time. When the
insurer sets up price for the insurance policy of current period t, he may take into
account the probability of being audited in the future periods. Thus the model
developed in the previous section must be revised with consideration of regulatory
lag.

Figure 1.
A Simplified Time Line for Property-Liability Ratemaking Process

t-1 t t+1 t+2 T
——————————————————————————— T s S TR 11 )1
ciaims of rates made rates approved auditing auditing

1-1 auditing
incurred losses claim costs claim costs claim costs
reported with  partially partially completely
loss reserves realized realized realized
and IBNR

Provided the basic assumptions and notations are the same as before, the revised
model is presented as follows (see Kamien and Schwartz, 1981).
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max |y e*{m,00)[I-F®)] + mF@) — NF()}dt (18)

F 6

s.t. F'@t) = g0@-1)1-F(1)], r<t=<T (19)
0@1t) = 0, =1t <0 20)

F@) = 0, F(T) is free within [0,1], -7 < r < 0 2D

The major revision made in the model is the timing of auditing as presented by
the equation (19). Equation (19) indicates that the manipulation of financial reports
made at time t will have an impact on the probability of auditing at time t+7.
7 denotes the regulatory lag which is a difference in time period between ratemaking
and auditing.

Based on the above model, the current-value Hamiltonian H, is revised as the
following equation.

H, = m@0@)I-F0] + mF@ — NF@) + Nog@-1)-F()] (22)

¢

The optimal solution which incorporates the effect of the delayed response must
satisfy the following necessary conditions.

IA
A

= T-7 (23)

OH./30, + 0H./86,.| .., = O, 0

N = -9H./9F, — OH./3F.| .. + &\, O

IA
A

< T-7 (24)

Equation (23) describes that the impact of manipulation by the insurer is partially
realized at current time t, and partially at later time t+7 by way of the lagged
effect. By the same reasoning for equation (24), the marginal impact on the multiplier
is attributed partially to the auditing probability of the current period as well as
to the probability of being audited in the future period.

According to the formulas of (23) and (24), it can be shown that the necessary
conditions for the optimal solution of our model are:

 OOII-F@)] + Ne+7)g" O@)U-Fi+7)] = 0 (25)

N o= m0@) — m + N + MN)[g@-1) + 8] (26)

By the same procedures as those in the previous section, we know that
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there exist some appropriate constant values of §* and \* for the optimal solution.
Therefore, the following results are obtained.

N = —(m,0%) — 7 + N) / [g@0% + 9] Q27
T 0%)g@0% + 7' (9%)8 = [m,0% — w + Nlg'(6%) €57  (28)
Fx@t) = 1 — et®V0, t =7 (29)

The multiplier equation (27) which represents the marginal contribution of state
variable to the optimal control program is the same as before. That is, the impact
of auditing probability function F itself on the profit expectation is not changed
with the lagged intervention.

On the other hand, although the marginal expected profit with the insurer’s
moral hazard is still proportional to the profit difference and penalty charged by
the regulator, the effect is smaller than the case without regulatory lag. By comparing
equation (28) with equation (16), we find that there is an additional term, %77,
included in equation (28). Since €¥?”" is less than one, the value =,’(6) will be
smaller under the case of lagged regulatory intervention. The resuit is interesting
because it shows the effect of penalty charged will be diluted when the regulatory
intervention cannot be performed immediately.

The auditing probability F*(t) is also reduced by the lagged response because
the value of the exponential is increased by e#®”". That is, the probability of
regulatory intervention or being penalized will be reduced since it is difficult to
detect the manipulation by the insurer when the correspondence between price and
claim cost information is not straightforward.

Furthermore, the regulatory lag may induce an incentive to increase the level
of moral hazard. Based on equation (29), the conditional density of auditing can
be derived as follows.

gO*) = -In(I-F*@) / (1), (30)

Equation (30) shows that g(6*) will increase when 7 increases because the
denominator becomes smaller and numerator is a positive number. As indicated in
the previous section, the density function g(6) is an increasing convex function of
6 , therefore, the higher g(8*) implies that there exists a higher level of 8*. The
result is reasonable in practice because the insurer will increase the level of
manipulation once he knows that the financial data do not immediately respond
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the cost of claims and the probability of being audited by the regulator is lower
than before.

IV. Conclusion

The accuracy of loss reserves has been a controversial topic in property-liability
industry. Due to the lengthy claim settlement process, estimation of incurred losses
is always vulnerable to forecast errors and open the space for manipulation by the
insurer. The incurred losses are the basis for calculating insurance premium rates
and thus the accuracy of loss reserves is crucial to the consumers. To maintain
the solvency of the insurer and protect the policyholders, the insurance commissioner
must monitor the insurance industry. Rate regulation is one of the most important
tools to maintain the fair transaction in the insurance market. On the other hand,
the regulatory intervention itself may offset the effect because the lengthy regulatory
process may delay the responses to the market conditions.

The purpose of this paper is to provide a theoretical analysis for the effect
of the regulatory intervention on the insurer’s behavior of manipulation on the loss
reserves. Due to the constraint of auditing cost, the regulator cannot examine each
insurer and must conduct the auditing with probability. The result of this study shows
that the probability for the insurer being audited will increase with the level of
manipulation, but the time lag of regulatory intervention process may provide
additional opportunity for manipulation and reduce the effect of auditing because
the insurer may take advantages on the delayed response between price and claim
costs.

The finding of this study implies that the regulatory review process must be
more efficient by shortening the time lag to make the insurance premium rate less
manipulated. However, completely eliminating the prior-approval rate regulation may
be not a good alternative for the commissioner. Due to the information asymmetry
between the insurer and insured, it may result in unfair transaction without regulatory
intervention because the consumers cannot judge whether the insurance price is
adequate or not. Thus to some extent the regulatory review of premium rates is
still a necessary procedure to keep the insurance market well performed. By way
of improving the efficiency of the regulatory review, the regulator can reduce the
level of manipulation. Maintenance of the surveillance authority itself to some extent
may deter the insurer from manipulation of premium rates.
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Appendix 1.

Because the loss settlement process in property-liability industry is usually very
lengthy, the claim costs for the policies of year t may not be paid completely during
year t. That is, an insurance claim may involve several accounting years. On the
other hand, the insurer must submit the financial statements to the commissioner
every year. In order to report the cost of insurance operation. The insurer must
estimate the total costs of incurred claim which are the sum of loss payments (i.e.
paid claim costs) and total loss reserves (i.e. unpaid claim costs).

The total loss reserves for an insurer are composed of the case reserves and
the bulk reserves. The case reserves are the loss reserves for the incurred and
reported claims. The bulk reserves represents the estimated costs for the incurred
but not reported (IBNR) claims, adjustment for the future case reserves, and the
reserves for the closed claims but reopened. The bulk reserves involves even more
uncertainty than the case reserves and are difficult to forecast accurately.

The incurred losses (IL) are the reported claim costs on the financial statement.
Based on the accounting procedures, the incurred losses of year t is equal to loss
payments (LP) and total loss reserves (LR) of current year t minus the total loss
reserves of the previous year t-1 as shown by equation (Al). Since the total loss
reserves contain case reserves and bulk reserves, they definitely involve the estimation
problems.

IL, = LP, + LR, — LR, (Al)

The adjustment of premium rates is usually based on the loss ratio method.
The loss ratio (p) is equal to the incurred losses divided by the premiums earned
(PE) as shown by equation (A2).

p, = IL, | PE, (A2)

Premium earned is simply the premium written adjusted for the account period,
and does not involve estimation problems. For example, the accounting year is from
Jan. 1 to Dec. 31, 1996, and the insured buys an insurance policy for one year
coverage and pays the total premiums $1000 on May 1, 1996. Then at Dec. 31,
1996, the insurer has the premium earned for the period May 1 — Dec. 31, 1996.
That is, 1000%(8/12) = $667.
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Appendix 2.

Since the value of the control variable # that maximizes the Hamiltonian H,
satisfies equation (12) in the text, that is,

dH./ 36

I

m," @)[-F] + Ng'(0)[I-F]
= {m,'(6) + Ng'(0)}[I-F]
=0

Unless time t = oo, otherwise the probability F will less than one and [1-F] #
0. Therefore,

') + N'®) =0 (A3)

By substituting A in equation (A3) with equation (15) in the text, we obtain

7' 0) + [-(m0) - 7 + N) / (g6) + 8lg’®) = 0 (A4)
Therefore,
7/ 0) = [m,(0) - m + Nlg'®) / [g(0) + 5] (AS)
7' (0)[g6) + 8] = [m6) - = + Nlg'(0) (A6)
and
7, (0)g) + m,'(0)6 = [m,6) - = + Nlg' () (A7)
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Appendix 3.
Based on the equation (9) in the text, we know that
F'@) / [I-F@)] = g0®) (A8)

Provided 6(t) = 6*, we can obtain F() by taking integration of the above equation
as follows.

§F'@) / [I-F@)ldt = | g@*)ar (A9)

In [I-Ft)] = -g(0*)t (A10)
Therefore, by taking exponential for both sides of the equation (A10), we have:

[I-F@®)] = exp[-g(6*)] (A1D)
and

F@r) = 1 - exp[-g(0*)] (A12)
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