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Abstract

This paper provides a potential explanation for the unanswered questions of
underwriting cycles in the property-liability insurance industry. Underwriting profits
of property-liability insurers have been characterized by significant cyclical
fluctuations. Such fluctuations have important impact to insurance price and solvency.

Some of previous research attributed the reason for the cycles to insurer’s
irrational pricing decision. This paper shows that underwriting cycles may be
generated even if price is set based on fair rate principle and the insurer’s
expectations are rational. Hence, this paper suggests that underwriting cycles may
be caused by the inherent characteristics of the property-liability insurance industry.

The finding of this paper is consistent with the institutional intervention
hypothesis proposed by Cummins and Outreville (1987). But this paper points out
directly that the loss settlement delay is the major factor to cause the cycles.
Furthermore, this paper shows that length of autocorrelation lag is related to length
of loss settlement delays. These results have not been indicated in the previous
literature yet.
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I. Introduction

Since at least the 1950°s, underwriting returns of property-liability insurers in
the U.S. have been characterized by significant cyclical fluctuations. Such fluctuations
have important impact to insurance price and solvency. Research on underwriting
cycles in property-liability insurance attributed the reasons for cycles to insurer’s
decision behaviour or market mechanism or institutional interventions.

Wilson (1981) and Stewart (1984) attribute cycles to insurers who decide to
constrict supply and change prices to achieve financial objectives, e.g. investment
income and operating ratios. The arguments in these articles imply that insurance
prices are set subjectively to fit financial purposes of the insurers rather than to
compensate the expected losses of the insured. Additionally, Venizian (1985) suggests
that the rate-making procedures through extrapolation used by insurers caused the
cycles.

Some other studies attribute cycles to market mechanism or institutional
intervention factors, which are not under the control of individual insurers. For
example, Cummins and Outreville (1987) suggest regulatory lag and accounting
reporting procedures are possible causes of cycles. Doherty and Kang (1988) consider
fluctuation of interest rates is the important reason for the cycles. Gron (1990)
explains that the cycles are caused by insurer’s capacity constraint.

The primary objective of this paper is to provide an explanation for underwriting
cycles. We consider the cycles are a natural phenomenon in this industry due to
several risks faced by the insurers. Basically, it belongs to the second category of
cycles research; however, this paper adopts a different approach. Most previous
research in the second category concerns the impact of external factors like financial
and economic variables and analyzes all-lines combined ratios or profits. Although
this paper concerns external impacts on underwriting returns, it also takes into account
the differences between short-tail and long-tail insurance products because each line
of insurance may have different underwriting characteristics, which is consistent with
the study by Venezian (1985) and Warren-Boulton (1987).

This paper assumes that insurers set price equal to the fair rate based on rational
expectations about losses. Then it is shown that underwriting cycles can be generated
under these two assumptions due to loss settlement delays and forecasting risks which
are special features of this industry.

The implication of the this analysis is to highlight the impact of the inevitable
forecasting risk on insurance pricing and profits. Most of the previous academic
insurance literature based on financial theory emphasized on the speculative risk
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of insurance products, while forecasting risk did not received much attention.
Forecasting in fact is the key to insurance operation because an insurance contract
may involve several time periods. Consequently, forecasting risk should not be
ignored any more.

The remainder of this paper consists of the following sections. Section II
describes the risks faced by the insurers. Section III discusses the loss settlement
procedures. Assumptions and notations for pricing decision are presented in section
IV. Section V shows the mathematical proof of autocorrelation functions for
underwriting returns. Empirical evidence is provided in section VI to support the
theoretical arguments. Conclusions and suggestions are in section VIL

I1. Risks Faced by the Insurers

As the economics progress from traditional static analysis to the studies of
uncertainty, ‘‘risk”’ becomes a day-to-day vocabulary in the academic papers. Each
field creates its own terminology, e.g., systematic/unsystematic risk in finance,
pure/speculative risk in insurance, ..., etc. Finally, it becomes confusing in some
studies when they mix up the RISK’s defined in different fields.

Cummins (1992) summarizes the risks which should be considered in insurance
pricing decision. Six risks are pointed out in his paper. It is hard to have a neat
formula for insurance price if it contains six risk variables simultaneously. In face
these RISK’s are not completely independent. Their relationships could be outlined
by figure 1.

At the pricing moment, insurer (actuary) faces estimation risk of frequency
and severity. Appropriate classification and pooling of the policyholders may diversify
this risk.

Forecasting risk due to state of nature is not diversifiable even if insurer utilizes
all the information available at pricing time, i.e., rational expectation (Lucas and
Sargent. 1981). This is because human being cannot predict the future perfectly.
Thus forecasting risk always exists since an insurance contract involves at least two
timing points (t and t+1). Forecasting errors may result in default risk, and payout
pattern risk is a special case of forecasting errors when long-tail insurance product
is considered.

If we assume no insurer is naive or stupid, the forecasting error due to
individual insurer’s behaviour can be ignored. Consequently, the major reasons for
forecasting error come from external factors of economy and society such as
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Figure 1.

Insurer’s Risks
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economic and social inflations (Cummins and Nye, 1984), interest rate changes, and
stock market fluctuations.

Although the insurer may reduce its portfolio risk by increasing the number
of policyholders, forecasting risk due to environmental changes of different time
periods is inevitable and cannot be reduced even through pooling. That is, the insurer

faces a type of intertemporal risk (Machina, 1984).

III. The Loss Settlement Process

Property-liability insurance policies cover losses due to accidents occuring within
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a fixed period such as one year. However, the settlement of loss claims typically
is not resolved until several years later. Particularly in the case of serious personal
injuries, claimants are reluctant to settle until they have a clear picture of the
prognosis on their injuries (Webb, et al, 1984).

Liability insurance claims may remain in an ‘‘open’ status for several years.
Compared with the liability insurance, the loss settlement of property insurance is
faster. The length of the payout tail is important in the insurance rate-making decision
because it results in forecasting errors. Table 1 exhibits payment patterns in practice
for some major liability lines for the period 1979-83. We can see there are significant
differences between these insurance products. For example, auto insurance almost
finish the claims within five years, but other liability only pays up to 62% of losses
in five years.

Table 1.
Emergence Pattern of Major Liability Insurance!

cumulative % of final settlements in dev. year

type of

insurance 0 ) 5 3 1
Multi. Peril 55.8% 79.9% 86.2% 89.4% 93.6%
Auto Laibility 36.4% 65.7% 80.0% 88.9% 93.7%

Worker’s Comp. 26.7% 51.9% 65.5% 74.1% 79.9%
Other Liab. 9.0% 20.6% 34.3% 48.8% 62.5%

Data Source: Best's Aggregates and Averages, Schedule P, 1985-87

Since losses may be settled over a long time period, the loss inflation rate
becomes an important factor in the insurance rate-making decision. The accurate
forecasting of the loss inflation rate is crucial. For example, an error of 0.01 in
the value of loss severity trend factor would represent 43 percent of the average
underwriting profit rate in automobile liability insurance for the period 1971-1982
(Cummins and Griepentrog, 1985).

! The payout ratios in the table are the average of five years (1979-83), but payout ratios
of each year for each line are in fact very stable and almost the same as the average.
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The loss settlement process and its reporting procedures (see Troxel and
Bouchie, 1990) are specific features of property-liability insurance industry. Therefore,
it is interesting to analyze the impact of loss settlement delay on underwriting cycles.

IV. Assumptions for Pricing Decision

The fair rate principle of an insurance pricing is that the price (pure premium) must
equal the present value of total loss payments. Since expenses and profit loading
charged are a percentage of pure premiums and expense ratios are quite stable in
the past decades, they are supposed not the reasons for underwriting cycles and
thus omitted in the following discussions to simplified the notations.

As the concept shown in figure 1, insurance price for policy year t+1 is set
at the end of time t (the beginning of time t+1). At the pricing moment, the insurer
needs to forecast the losses incurred in t+1 that may be settled in t+1 and the
following development years. This paper assumes the insurer makes pricing decision
based on rational expectations. That is, they will take into account all the information
available at the moment of forecasting and the ex ante forecasting error is zero.

When losses are to be settled in more than one period, the pricing decision
involves the forecast of loss payments in each development period. We assume it
is a constant proportion of the total claim costs paid in that calendar year. This
assumption will make the notations and discussion much easier than the traditional
approach.? Because the total claim costs paid in that year is a realized value while
estimated total losses involve further estimation problems, it is a convenient way
to consider the forecast of losses based on total claim costs instead of incurred losses.
Besides, this approach is consistent with the Taylor’s separation method (see Lemaire,
1985) and can promote future insurance research to connect with the actuarial models.

2 In traditional literature, we usually assumed losses paid in each development year

is a constant proportion of total losses for that policy. That is, LP,; = ©,L) where LP
loss payment for policy issued at year t and paid at year t+i, ©; is payout proportion
at year t+i, L, is total losses for policy issued at year t which is unknown at pricing
moment.

In this paper, we assume LP,, = o(C,,;) where C,,; = total claim payments paid
in year t+i, o is the proportion of C..i used to pay claims of policy of year t but paid
at year t+i.

In either case, the proportion O, or a; is assumed constant and will not affect the
discussions of autocorrelations of underwriting returns.
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The fluctuation of interest rates might be an important reason for the cycles
as indicated by Doherty and Kang (1988). In this paper, the risk from discount
factor or interest rae is incorporated into forecasting risk since the forecast errors
of discount factor also come from economic changes. However, the term for discount
factor is not directly shown in the price equation to keep notations neat.

According to the above assumptions, the price equation can be described as
equation (1):

P = ELi
n—1
= £ aEC M
i=0
where, P, = price for insurance policy of year t+1
E, = rational expectation based on all information
available at the end of year t
L, = total losses of insurance policy of year t+1
Ciivi = total claim costs paid in year t+1+i
a = proportion of total claim cost used to pay
claims in its i-th development year
n = total number of loss development years

V. Autocorrelation of Underwriting Returns

Rational expectations imply the insurer sets price based on the loss distribution
being the same as the theoretical loss distribution, conditioned on all the information
available at the time of pricing. Therefore, a rational price implies that the ex ante
expected value of forecasting errors is zero. Underwriting profits are the difference
between price and losses which are just equal to the realized forecast errors.
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Based on the assumptions of loss process and price equation developed in the
previous section, the patterns of underwriting returns under rational price are discussed
for short-tail lines and long-tail lines respectively because of their differences in
loss settlement.

Additionally, we must distinguish the actual (ultimate) underwriting returns and
reported underwriting returns due to the accounting procedures. The observed six-
year underwriting cycles are based on underwriting returns reported for each calendar
year. They are not actual returns for each insurance policy. We believe that insurers
will concern actual returns for each policy as well as financial reports because actual
returns reflect underwriting performance. Besides, it is interesting to compare the
reported returns with actual returns so that we can know the impact of accounting
methods. If the actual returns randomly dispersed but the reported returns cyclically
fluctuated, then we can find the way to remove cycles simply by changing accounting
procedures. Otherwise, we must search for other solutions.

A. Actual Underwriting Returns

The actual underwriting return of an insurance policy is defined as the premiums
minus total loss payments for that policy, i.e., ultimate returns. They are not revealed
until the claims completely settled. They are equal to the forecasting errors of loss
payments due to random shocks of each loss development year. That is (see appendix
1 for derivation),

ARt+1 = Pt+l - LH—]
n—1
= =0 at+1+i (2)
n—1
EIARH-I = El( iEO t+1+i ) 0

Since the ex ante expectation of returns is zero, it is a rational price. Based
on equation (2), it is easy to show that the length of autocorrelation lag of
underwriting is related to loss settlement process. The longer delay in loss settlement,
the longer the autocorrelation lag. The proof is shown as follows:
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Case 1: losses paid immediately, i.e., n = 1,
cov (ARt+i’ ARt+j) = cov (at+i’ at+j)
=0 fori # j

Case 2: losses settled through several years, i.e., n > 1,

n—1 n—1
cov ( X a . Y a
k=0 t+i+k’ k=0

H

cov (AR AR

t+i? t+j) t+j+k )

=0 ifj = i+n

These mathematical results explain that there is no autocorrelation for
underwriting returns if no loss settlement delays. On the other hand, if the losses
must be settled for several years, the returns will be correlated due to the overlapping
of loss payment years. The length of autocorrelation lag depends on the number
of overlapping years.

B. Reported Underwriting Returns

The reported underwriting profits observed on the financial statement every
year are defined as the premiums earned minus incurred losses of the reporting
year. It involves the forecast errors of loss payment and loss reserves because the
insurer will revise estimation of loss reserves as the information updated. Smith
(1980) and Weiss (1985) have shown that loss reserve errors are important to
financial performance of the insurers. That is (see appendix 1 for derivation),

RR,, = EP,, — ILt+1

3)
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According to equation (3), we can show that reported returns are autocorrelated.
The reported returns exhibit first order autocorrelation when the losses cannot be
settled immediately. The autocorrelation is due to loss reserve forecast errors and
accounting procedures for premium earned and reported losses (see appendix 2 for

proof).
Case 1: losses paid immediately, i.e., n = 1, so no loss reserves

cov (RR RRj) = cov (@, + &, a,; t &y

=0 for i # j
Case 2: losses settled through several years, i.e., n > 1,

cov (RR RR

t+i’ t+j)

n—-1
= cov ( T ¢

C. Extension: Autocorrelation of Returns with Information Lag

The above discussion provides mathematical proof that, because of loss
settlement delays, both actual and reported underwriting returns are autocorrelated
even under the ‘‘perfect’” conditions (i.e., fair rate, rational expectations, and no
information lag) although their autocorrelation patterns are different. Therefore, we
consider the autocorrelation of returns could be a natural phenomenon in property-
liability insurance industry.

The above discussion just let us familiar with theoretical analysis for
underwriting cycles, but it is not practical enough because of information lag. In
practice price charged for insurance policy of year t+1 usually is not based on
the immediate information at the end of year t. Because of the administration delays
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inside the insurance company or prior approval regulation for insurance rates, the
price charged for policy of t+1 in fact is based on the information at the of year
t—1 instead of year t. Therefore, the price equation may be modified as equation (4).

P, = E_ L
n—1
= EO B Covii @)
AR, =P, — Lot
n
= i=20 At &)
n
EtARH-l = E_( iEO a,;) =20

It is still a rational price since the ex ante expectation of forecasting errors
is zero based on available information at pricing moment. The length of
autocorrelation lag of actual underwriting is increased with number of information
lags. For example, the case of no loss settlement delay become first order
autocorrelated due to one information lag.

Case 1: losses paid immediately, i.e., n = 1,

cov (AR AR + a a + a

= cov (a (i1

t+i’ l-+—j) t+i—1 t+i’ t+j)

= 0 if j = i+1
=0 if j > i+1
Case 2: losses settled through several years, i.e., n > 1,

n

n
cov (AR, ;, AR ) = cov ( Ayio1+k kEO 414k )

z
k=0
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#= 0 if j = i+n
=0 if j > i+n

The autocorrelation lag of reported returns is also increased because of
information lag. For the case of immediate loss settlement, the result is the same
as actual returns which exhibits first order auotcorrelation due to one information
lag. It is somewhat complicated for the case with loss settlement delays. If claims
can be finished in two period, it only generates first order autocorrelation. But if
the claims must be paid in three periods or more, then the reported returns will
exhibit second order autocorrelation. Therefore, we may suggest that the length of
settlement delays has an impact on underwriting cycles. The results are shown as
follows (see appendix 3 for proof).

Case 1: losses paid immediately, i.e., n = 1,

cov (RR RR = cov (a L - R o R + a . +

t+17 Tt+j—1 t+)

Cir)

t+i? t+j) t+i—

=0 ifj > i+l

Case 2: losses settled through several years, ie., n > 1,

cov (RRt P RRt +j)
n—1 n—1 n—1
= cov ( at+1—1+at+i+k§1 Et+i,k+k§1 6t+i—1,1+k+k§1 €ri-2,1+k T8 o
n—1 n—1 n—1
at+j—l+a(+j+k§l t+}k+ E €i+j—1, l+k+ E €t+j—2,l+k+§—t+j)

* 0 if j = i+1, orif j = i+2 and n = 3
= ( otherwise

— 366 —



Insurer’s Risks and Underwriting Cycles in Property-Liability Insurance Industry
VI. Empirical Evidence

The theoretical proof in the previous section is consistent with the observed
real world phenomenon. The losses of short-tail lines, e.g., fire insurance and auto
physical damage insurance, usually can be finished within two periods and their
returns present only up to first order autocorrealtion (see table 2). On the other
hand, the loss settlement for long-tail lines, i.e., liability insurance, requires more
than two periods (see table 1). Consequently, most of their reported returns are
autocorrelated for two lags as shown in table 2.

Most of the liability insurance lines present significant autocorrelation functions
up to the second lag. The only exception is commercial peril insurance which presents
only first order autocorrelation. The possible reason is that about 80% of its claims
can be settled in two periods (see table 1) and thus loss settlement delay is not
substantial.

Besides, table 2 also shows that the lines with slower loss settlement process,
e.g., other liability, exhibit stronger autocorrelation of returns. The autocorrelation
values will affect the length of cycles (Box and Jenkins, 1976). This is consistent
with the findings of Venezian (1985) that different lines present different cyclical
fluctuations.

The random shocks which caused the forecast errors (i.e., underwriting returns)
and consequent cycles during the past 40 years might come from several sources
as pointed out in the paper by Harrington (1987) rather than a certain specific factor
like interest rate or capacity constraint.

Another remark is concerning about the difference between actual returns and
reported returns. The observed six-year underwriting cycles are fluctuations of returns
reported on the financial statements instead of the actual returns for each insurance
policy. It is important to know the patterns of actual returns because they reflect
the underwriting performance of insurers and have an impact on insurance price.
Although in this paper we cannot provide complete empirical evidence of
autocorrelation functions for actual returns due to unavailability of data, a brief
comparison between reported returns and actual returns for recent ten years is provided
by figure 2. The loss ratios calculated based on the fully developed losses from
schedule P, which are close to actual underwriting returns in this paper,* also exhibit
cyclic patterns even if they are somewhat different from those of reported returns.

3 The empirical data usually are in form of loss ratio. Return can be obtained by one minus
the loss ratio. However, the autocorrelation patterns are unchanged.
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Table 2.
Autocorrelation Functions of Underwriting Returns
of Major Property and Liability Insurance Products

i 1 I 1 No. of
ne 71 (t value) 7 (t value) 73 (t value) sig. 7,
Fire 0.64 (3.89)* 0.23 (1.03) —0.008 (0.03) 1
Home 0.48 (2.57)* —0.09 (0.40) -0.21 (0.97) 1
owner ,
Inland 0.67 (4.06)* 0.16 (0.79) —-0.12 (0.54) 1
marine ’
Auto p. 0.57 (3.48)* 0.003 (0.01) —0.15 (0.74) 1
damage
Comm, 0.76 (4.12)* 0.37 (1.33) 0.08 (0.27) 1
peril
Auto. 0.82 (4.96)* 0.51 (2.03)*  0.24 (0.84) 2
liab.
Worker 0.82 (4.98)* 0.56 2.24)*  0.31 (1.10) 2
Comp.
Other 0.88 (5.35)* 0.65 (2.48)* 0.40 (1.33) 2
liab.
Data Source: Best’s Aggregates and Averages, 1951-87
Note: * = significant at 0.05 level
7 = i-th order autocorrelation function
Higher order autocorrelations are very small and need not to be quoted
here.
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Figure 2.
Comparison of Incurred Loss Ratios and Loss Ratios of Last
Development Year of Schedule P for Combined Liability Lines.*
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Data Source: Best’s Aggregates and Averages, 1971-87

VII. Concluding Remarks

The above discussion provides mathematical proof that both actual and reported
underwriting returns are autocorrelated when there exist loss settlement delays even
though price is set rationally and equal to fair rate. The length of autocorrelation

4 The data of loss ratios for the last development year are available only from 1972 to 1982.
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lag for actual underwriting return of each policy is depending on the length of loss
settlement delays. The longer the delays, the longer the autocorrelation lag.

The autocorrelations of observed reported returns result from loss settlement
delays as well as accounting procedures. The reported returns usually exhibit first
order autocorrelation, but they may present second order autocorrelation when losses
must be settled for more than two periods.

The findings of this paper is consistent with the study of Cummins and
Outreville (1987). However, it is not clearly explained in their study about what
kind of institutional intervention causes the cycles and how the length of
autocorrelation lag is affected by the intervention factor. This paper directly points
out that loss settlement delay is the major factor to cause the cycles and proves
that the length of autocorrelation lag is related to the length of loss settlement delays.

Therefore, this paper suggests that underwriting cycles may be an unavoidable
phenomenon in property-liability insurance industry because loss settlement delay
is an inherent nature of property-liability insurance products. Therefore cycles cannot
be attributed to the irrationality of the insurers since the random shocks occur
unexpectedly ex post to the price decision rather than decided by the insurers.

References

[u—

. D. Begg [1982], ‘‘The Rational Expectations Revolution in Macroeconomics’’,
Phillip Allan, Oxford.

2. L. Berger [1988], ‘A Model of the Underwriting Cycle in the Property-Liability
Insurance Industry,”” Journal of Risk and Insurance, pp 298-306.

3. G. Box and G. Jenkins [1976], ‘‘Time Series Analysis — forecasting and
control,”” Holden-day.

4. D. Cummins [1992], ‘‘Financial Pricing of Property and Liability Insurance,’’
in G. Dionne, ed., ‘‘Contributions to Insurance Economics,”” Kluwer Academic
Publishers.

5. D. Cummins and G. Griepentrog [1985], “‘Forecasting Automobile Insurance
Paid Claim Costs Using Econometric and ARIMA models,”” International Journal
of Forecasting, pp 203-215.

6. D. Cummins and D. Nye [1984], ‘‘Inflation and Property-Liability Insurance,”’
in J. Long ed., Issue in Insurance, Vol. 1, American Institute for Property-
Liability Underwriters, PA.

7. D. Cummins and F. Outreville (19871, ‘“‘An International Analysis of



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Insurer’s Risks and Underwriting Cycles in Property-Liability Insurance Industry

Underwriting Cycles in Property-Liability Insurance,”” Journal of Risk and
Insurance, pp 246-262.

. N. Doherty and H. Kang [1988], ‘‘Price Instability for a Financial Intermediary:

Interest Rates and Insurance Price Cycles,”” Journal of Banking and Finance.
A. Gron [1990], ‘‘Capacity Constraints and Cycles in Property-Casualty
Insurance Markets,”” Working Paper, MIT.

S. Harrington [1987], ‘‘Price and Profits in the Liability Insurance Market,”
presented at the Brookings Institution Conference on Legal Liability, June, 1987.
J. Lemaire [1985], ‘‘Automobile Insurance: Actuarial Models,”” Kluwer
Academic Publishers.

R. Lucas and T. Sargent [1981], ‘‘Rational Expectations and Econometric
Practice,”” Univ. of Minnesota Press.

M. Machina [1984], ‘‘Temporal Risk and the Nature of Induced Preferences,”’
Journal of Economic Theory.

J. Muth [1961], ‘‘Rational Expectations and the Theory of price Movements,”’
Econometrica, 1961. pp 315-35.

S. Myers and R. Cohn [1985], ““A Discounted Cash-Flow Approach to
Property-Liability Insurance Rate Regulation,”” in D. Cummins and S.
Harrington, eds., ‘‘Fair Rate of Return in Property-Liability Insurance,”” Kluwer
Academic Publishers.

B. Smith [1980], ‘“‘An Analysis of Auto Liability Loss Reserves and
Underwriting Results,”” Journal of Risk and insurance, pp 305-320.

B. Stewart [1984], ‘‘Profit Cycles in Property-Liability Insurance.’” In J. Long,
ed. Issue in Insurance, Malvern, PA, American Institute for Property-Liability
Underwriters.

G. Taylor [1986], ‘‘Claims Reserving In Non-Life Insurance,”” by
North-Holland.

S. Tennyson [1990], ““The Dynamics of Insurance Supply: Testing Competing
Hypotheses,”” Working Paper, Department of Economics, Northwestern
University.

T. Troxel and G. Bouchie [1990], ‘‘Property-Liability Insurance Accounting
and Finance,”” American Institute for Property and Liability Underwriters,
Malvern, PA.

E. Venezian [1985], ‘‘Ratemaking Methods and Profit Cycles in the Property
and Liability Insurance.’’ Journal of Risk and Insurance, pp 477-500.

F. Warren-Boulton [1988], ‘‘Sources of the Crisis in Liability Insurance: an
Economic Analysis,”” Working paper, AT&T Bell Laboratories.

— 371 —



The Journal of National Chengchi University, Vol. 69, 1994

23. B. Webb, et al [1984], ‘‘Insurance Commpany Operations,”” American Institute
for Property and Liability Underwriters, Malvern, PA.

24. M. Weiss [1985], ‘“‘A Multivariate Analysis of Loss Reserving Estimates in
Property-Liability Insurers,”” Journal of Risk and Insurance, pp 199-221.

25. C. Wilson [1981], ‘‘“The Underwriting Cycle and Investment Income.”” CPCU
Journal, pp 225-232.

26. R. Winter [1988], ‘‘The Insurance Cycle,”” Working paper, Yale Law School,
Yale University.

— 372 —



Insurer’s Risks and Underwriting Cycles in Property-Liability Insurance Industry

Appendix 1.

A. Actual Underwriting Returns (AR)

The actual underwriting return of an insurance policy is defined as the premiums
written minus total loss payments for that policy.

ARt+l = Pt+l - Ly
n-1
=P, = L oC,
1=0
n—1
= EO a { EC Covrai }
n—1
T 5 Hers
n—1
EAR ., = E( '.Eo a4 ) 0, because a  ,,; is random shock.
where, AR, = actual returns for insurance policy of t+1
a,,,; = forecasting errors of loss payments of t+1+i

other notations are the same as those defined in equation (1) in the

text.

B. Reported Underwriting Returns (RR)

The reported underwriting returns are equal to premiums earned minus incurred
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losses. The premiums earned for year t+1 involved insurance policies (rates) made
for years t and t+1. Thus, EP _, = ¢P + (1 — #)P_ .

The incurred losses (IL) of reporting year t+1 is defined as the loss payments
(C) plus loss reserves (LR) of t+1 minus loss reserves of year t (see Webb, et
al, 1984). That is, IL, ., = C_,, + LR, — LR.
At the end of each year the insurer will revise the loss reserves based on

the updated available information if under the assumption of rational expectations.

RR = EP — IL

t+1 t+1 t+1

= { oP + (1 —9P } - IL

=P Ly, + 6P — P}
Then,
n—1 n—1—i
Poor = Iy = Py = (G i§1 ( JEO it ) B Coprvi — ECLDS
n—1 n—1-i
= EC, — G — i:Z] ( jEO Yiyj ) E Coini — EC 140
n—1
= EC, — Gy t i§l S(Ey — EIC 14
n—1
= a(+1 + _E 6t+l,i
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Po— P, = E_L EL
n—1 n—1
= i§0 ok Cui — iEO GEC 14
n—2
= of_,C, iEO (E = o B ) Cuy — o EC,
n—1
= i;‘: i T ok G — o, EC .,
n—1
= 15‘1 €i t &
Therefore,
n-1 n—1
RRt+ = A4 + 1_21 6t+1,1 + K €i + £t+1
where, RR ,, = accounting returns reported in year t+1
EP,, = premiums earned reported in year t+1
IL,,, = incurred losses reported in year t+1
a ., = forecast error for loss payment of year t+1
€.4,; = forecast error for loss reserves of year t+1+i
but revealed at the end of t+1
& = other remaining term of year t+1
6, ¢ = coefficients

other notations are the same as those in the text
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The proof of autocorrelation of reported returns when losses settled through several
years, i.e., n > 1, is shown as follows:

The assumptions about the covariance and variance of random shocks and reserve
errors are as follows:

cov ( a_., Ay, ) 0, fori # j
cov ( € ip €4 ) = 0, for k # 1
cov ( e € ik Et+jk) 0, fori # j
cov ( &, Etﬂ ) =0, fori # j
cov ( A4 €k ) 0, for all i,j,k
cov ( E 40 Gk )y = 0, for all i,j,k
cov (a_, 1+ ) = 0, for all i,j
Based on these assumptions, we have
cov (RR .., RR, +j)
n—1 n—1 n—1 n—1
= cov ( at+i+k§1 Et+1k+ E €vimtk T Ep a+j+k§1 6t+j,k+k}=:l €aj—t kT Es )
n—1 n—1 n—1 n—1
= cov ( kEI €rik T k§1 Citi-1,k kzz:l €rjk T kz=:1 €rj-1k )

Since a, ., A Et 4+ and Et 4+j are uncorrelated when i # j, the resources for
autocorrelation come from e’s. When j=i+1,

cov (RRK+1’ t+j)
n—1 n—1 n-1 n—1

=cov( X €., + X €. Y e + X )
k=1 t+ik k=1 t+i—1,k’ k=1 t+i+1,k k=1 t+1,k
n—1 n—1

= cov (L e ik )

= var ( X
k=
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Appendix 3.

When there is one information lag, price for year t+1 (P, ,) is made based on

information set of t—1. That is P, = E_\L., Therefore,

n—1 n—1-i
Py = Ly = Py — G + i§1 ( JEO %y ) ECon ~ EC.)}
n-1 n—1 n—1-i
= EO GE_(Coyyei — Cyy El ( on % ) E Gy
EC.) }
n—1
= oGy =Cyp) + i=>:1 GEC —Cy)
n—1
- i§1 (B —EDC 4
n—2 n—2-—i
- i§1 ( j:zi @) Ey —E)C
n—1
= aE_Cp =Cyp) i§l G(EC 1 =Cp)
n—1
- ii:l ai{(EtH_Et)+(Et_Et—l)}Ct+l+i
n—2 n—2-i
- i§1 ( jEI o) B~ E)XCowi
n—1 n-1
=a ta ok Gy t El €1 +i
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Po— P, = ELL ~ E L
n—1 n—1
= i=):O ok Coyi — i=20 %E L Copig
n—2
= ok 6 — iEO (k| = o B DC Ly — o B C,
n—1
- i§1 R T, O MY N S
n—1
- El €ori+i T S
Therefore,
n—1 n—1 n—1
RR,, = a + a,, + El €v1i T i§1 €avi T A SR + $i
n—1 n—1 n—1
RR ., = a3, + a,, + El €r2i T i§l €ria+i T ]El Cavi T S
n-1 n—1 n—1
RR,; = a,, + a,; + iEI €43 T El €21+i T El Crrasi T $ias
b
n—1 n—1 n—1
RR i =2, +a,+ Z ik T k§1 €rioli+k T kEI €ricaa+k T g

The general form of covariance for RR ,; and RR, + is quite lengthy. However,
we know that the covariance will not equal zero when they have common items
according to the assumptions of covariance in appendix 2. Therefore, it is easy to
show that reported returns may have first-order or second-order autocorrelation. For

example, RR is first order autocorrelated with RR by a S.

€ /
1+2 t+17 Eerl
o
>
by ¢, /s if n = 3.

t+1

Additionally, it is second order autocorrelated with RR, .,
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