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Property-Liability Insurance Pricing Mcdels:
An Empirlcai Evaluatlcn

Stephen P. iyArcy and James R. Garven

ABSTRACT

Over the past two decades, sevaal pricing models that integrate underwriting and
investnmit performance have been proposed or used to determine property-liability
insurance rates. In general, these models have been tested separatdy and only over a
rdativdy limited time horiz<m. In this article, the major property-liability insurance
pricing modds are evaltiated aver the 60-yeai period from 192^ throu^ 198S and the
remits of the various models are compared in terms of the abiUty to predict actual
undnwritiog profit margins. Differmces between model predictions and realized
undNwriting proflt m a r ^ soies are examined over the entire period as well as various
subperiods in orda to doncmstrate how individual modds perform under differmt
conifitions. The goal of this researdi is to assist actnari^ and researclKrs in the
abdication of pridsg modds and interpretation of results.

iBtrodacdoB

Although the standard pricing model of the insurance industry {dating b£u:k
to UK 1921 National Convention of Insurance Commissioners (NCIQ Fire
Insurance Conunittee report] ignores investment income in insurance
riOeauddng, many insurance pricing models have been proposed that integrate
tl» underwriting and investment income aspects of the insurance conU'act.
These models generally follow one of two paths. Those propc»ed by insurance
practitioners or academics specializing in insurance typically concentrate on
tlM underwriting side of the insurance transaction and select rather arbitrary
values for investment income. On the other hand, models do%lop^ by
financial ecoaomists tend to concentrate on the inv^tmeat aspect of insurance
by empha^JTing risk-adjusted rates of return on inv^tment while glossing over
the specialized characteristics of tlK underwriting side of the insurance
business. More f eceody, r«earch has been aimed at dei^oping pricing models
that adequatdy address the importance of both underwriting and investnunt-
rdated ismss. The purpose of this artide is to compare and contrast the
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predictive abUities of a number of diffnent insurance pridng models over an
extended period in order to demonstrate how various models perform under
different economic and competitive conditions. This research will be of
assistance to practitioners as weU as acadonics in the application of instirance
pricing models and interpretation of results.

Although the minority report of the National Convention of Insurance
Commissioners (NCIC) Fire Instirance Committee in 1921 proposed that
investment income be considered, this recommendation was defeated (see
Webb, 1982). This posttion b ^ m to reat»rge within the insurance
community during the latter part of tbe 1960s, when into-est rates began to
increase and to become more volatile. A landmark study by the NAIC in 1970
effectively reopened the issue of investment income in ratemaking by
concluding, "In determining profits, it is submitted that income from all
sources should be considered." (see NAIC, 1970, p. 721). Bailey (1967)
proposed a method of aUocating actual investment income (interest, dividends
and realized ciq>ital gains) to stockholders and policyholders. Ferrari (1967,
1968) proposed a method of calculating return on equity for insurers based on
both underwriting and investment performance and also advanced the
investment technique of portfolio theory for use in developing line of business
mix strategies. Cooper (1974) extended the use of portfolio theory for
instirance applications and developed a model for determining the competitive
rate of return on instance contracts by integrating underwriting and
investnwnt performance. In line with the insurance focus, he assumed that the
invntment return would be the rate ean»d on "risktess or very low risk
investments."

Sevend other insurance researchers developed sophisticated models of
insurance markets that included the effect of investment income, but these
studi« continue to overlook the complexity of detomining a proper value
for the investn^nt inomw. Witt (1973) devdoped a model of the insurance
industry based on moiMJpolistic OMnpetition that led to the conclusion that
inyestn»nt income is reftected indirecdy in pddng. In another model, Witt
(1974) includes investnwnt incon» as a stochistk variable that is normally
distributed wiUi a known mean and standard deviation and is uncon^ted
with insurance claims. KahaiK and Lary (1975) incorporate an arbitrary
invutmoit return in their detaited nuidd of insurance. McCabe and Witt
(1980) modd insurance behavior on the assumption that the insurer seeks to

ptoGt subject tb a {H'Oimbility of insolvem^ constraint. In this

inve^moit paf ormance is estimated by iM>nnaIIy distributed random
vaHabtes for stock and bond r^ums with taaaas aiul standard delations
based on hist<»i<al p»fonnance. ^>dUiBan, ^ t t , and Rmtz (1975) d e v e ^ a
microec(Miomic pr^ng modti for insurera, induding the effect of investmoit
iiK»nM, that donomtrates the impact of tbe da^idty of donand for
kmirance on tbe i^'ofit fityirimiring price markup above marginal c(»ts. One
Ixy dii^^sity with tbe u » of tlwse ii^iraiice \msed prktng nKxlds k in
sdecting an i^qm^i^ute valiK for investmoit returns. In general these modds
(k> iKJt provkle f<»r any mk aAjv^meiA for the myaHmoBt. side of tibe
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insurance contract. The investment income value tends to be selected from
historical values or arbitrarily. The magnitude of investment income for
insurers has led to an alternative focus for insurance pricing.

The alternative focus on insurance pricing, brought by financial
economists, concentrated on the investment aspect of the insurance
transaction and oversimplified the underwriting side. Quirin and Waters
(1975) concluded that insurers could, in effect, borrow at a negative interest
rate. Walter (1979) observed that the market value of insurer stocks exceeded
the book vadue and concluded that insurance regulation fostered excess
profitability. Fairley (1979) concentrated on the historical systematic risk level
of imderwriting and, based on the Capital Asset Pricing Model (CAPM),
proposed a formula for establishing insurance prices that was utilized in
Massachusetts for several years before it was shown that the model did not
refiect insurance taxation i^propriately.

More recent research has brought equal attention to both the financial
issues involved in determining investment rates of return and the unique
characteristics of the insurance contract. T\imer (1987) and Ang and Lai
(1987) demonstrate that the CAPM focus on systematic risk ignores an
important factor in insurance pricing. Cummins and Harrington (1988)
determine that insurer stock returns are consistent with the CAPM model only
for part of their tested experience period and that unsystematic risk is a
relevant factor in determining rates of return. Witt and Urrutia (1983) develop
measures of systematic and unsystematic underwriting risk and compare the
impact of rate regulation on the allocation. D'Arcy (1988) demonstrates that
the risk-free rate commonly used to discount loss reserves may be excessive
given the characteristics of insurance contracts. Derrig (1985) combines
applicable tax provisions for insurers with financial pricing models. Following
this lim of research, this articte attempts to provide an equal focus on the
underwriting and investment sides of the insurance transaction by testing
pricing models that have been derived from both the insurance and financial
economics areas over a consistent period.

Both the history of insurance rate regulation and the development of
prcq)erty-Iiability insurance pricing models have been dealt with effectively in
prior literature (e.g., see Cooper, 1974; D'Arcy and Doherty, 1988; and
NAIC, 1970). Thus, this material will simply be summarized and referenced
here. Prior to the 19TOs, the standard pricing practice incorporated an
indqjoidattly selected underwriting profit margin into the ratemaki^g
formula. The sec t ion of a 5 potent underwriting profit margin dates back to
1921, but even then it was not supported on the basis of any nuimrical
caloihttion. As Intaest rates rose in the late 1970s, emphasis shifted to the
totsi rate of return, rath»' than simi^y t t e underwriting profit margin (see
Bige- aad K a h i ^ , 1978; D'Arcy, 1^3; H a u ^ i and KroiKke, 1971; Plotkin,
1979; Qema aaaii WSfOas, 1975; and Venedsm, 1983). Sonw insuro^ dowtoped
a tatii ntte of rebtrn ^ocM ttoA backed intt> the fq>|m}priate uwtowritiog
pmGt waagm by faK^dii^ cotmietaikm of tlK opei^ed investvsaat mtxme.

and r^^idators iittroduced the CAPM imd c&cmitted ca^ fkm
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analysis into rate hearings (see Cummins and Chang, 1983; Cummins and
Harrington, 1985; Fairley, 1979; Hill, 1979; HiU and Modigliani, 1987; and
Myers and Cohn, 1987). More ro^ently, the arbitrage pricing model has been
applied to insurance pricing (see Kraus and Ross, 1982; and Umitia, 1987a
and 1987b) and the option pricing model has been applied to both pridng and
solvency consideration (see Cummins, 1988; Derrig, 1989; and Doherty and
Garven, 1986). Although these models differ widely in terms of underlying
assumptions, parameter spedfications, and methods of calculation, they are
generaUy organized around the basic principle that certain targets must be met
so as to justify continued or even further allocation of capital to a particular
set of insurance activities.

Insitrance prices should not be set according to a given model unless that
model accurately represents the pridng mechanism. The only way to
determine whether a model is accurate is to test it on actual data for an
extended period. Previous empirical tests of property-liability insurance
pridng models have generally been restricted to the past decade or two, diiring
which infiation, interest rates and loss payout patterns were at historically
high levels, possibly skewing the indications. The purpose of this article wiQ be
to provide an empirical evaluation of how well a number of alternative pridng
models fare in terms of predicting underwriting profit margins over an
extended period of time. The tests contain^ herein are based on the actual
results achieved by all U.S. stock insurers in aggregate from 1926 through
1985. Differences between the model predictions and the actual realized
underwriting profit margin series are examined over the entire period as well
as various subperiods in order to assess the relative usefulness of the different
models under varying conditions. The goal of this research is to assist
actmuies and researchers in the application of the various pricing models and
interpretation results.

Discovery of a viable pridng model does not imply that r^ulation should
then be enforced requiring insurers to charge the rate indicated by the selected
pricing modd. This action would make no vaort sense than requiring stock
trades to take place at the {nice determiiKd by the latest stfKk pridng model.
Competitive m a r k ^ will tend to drive profit margins toward the theoretically
correct tevd. R^ulating the "correct" rate kvd would Hxea. be
This research is aimed at providing inaght for the partidpants in tlw market,
both as buy«s and sellers of insurasce, to increase the availability of
information about profitability and tin d^ree of competition in insur^mce
mark^s.

The insunuKX pridng OKNieis te^ed in this artkk indude the taiget
undo'writing profit OEiargm, t a i ^ tMal rate of retom, CAPM,
cash flow m o ^ a ^ option p idng tao6gA. CHba nrndels have bem proposed,
but are not iiK:lucted in this study doe eitiiK' to data a v u l a ^ t y probkmm or
tbe fac^ aiasBSL t l ^ baw ncA been widdy iqqrikd. Modds mot. tested radude tte
Natknad OxoncS on Compensaton Imaranoe ratemaddog ni^todx^}gy and
tbe n^auo-staada^ iximsacm laodd (see VOKZ^B,
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The foUowing section provides a brief overview of the intuition and
mathematical structure underlying the alternative ratemaking models tested.
Then data and methodology are discussed, followed by empirical results.
Conclusions from the study are then drawn and directions for future research
are indicated.

Alteraative Iasanmce Ratemaking Models

Tiirget Underwriting Profit Margin

The target underwriting profit margin ratemaking technique seeks to
achieve a pr^etermined underwriting profit margin without regard to
investment income, insurer Ie\%rage or level of risk. The standard underwriting
proHt margins are 2.5 percent for workers' compensation and 5.0 percent for
all other lines, lliese margins evolved from a 1921 National Convention of
Insurance Commissioners (NCIQ Fire Insurance Committee report that
indicated that "5 percent is the minimum percentage which can be regarded as
'a reasonable underwriting profit' " (see Webb, 1982). No statistical support
has ever been provided for the selected level. McCuUough (1948) provides an in
depth analysis of the 1921 NCIC deliberations and an update of the issue
through 1947, with additional insight into the consideration of investment
income in ratemaking.

Many researchers dismiss the standard profit formula levels as taken out of
thin air and utterly without meaning. However, this may be an excessively
harsh view. The members of the NCIC committee included both regulators
and industry representatives. They had access to the experience of a large
number of insurers. This experience was derived from a period of low interest
rates (e.g., long term bond yields were approximately 4 to 5 percent) and fast
payouts of insurance losses. Although they were developing a profit standard
for fire insurance only, property lines were predominate in the industry. The
es^sneax of the time may have indicated that a 5 perc^it level tras
^propriate. Seleoion of a profit margin that was not supported by the
available experience simply vwuld not have been i4>proved by a majority of
the conunittee. Thus, this 5 percent level may in fact represoit a value derived
from a specific a a whidi may or may xioi be appropriate in otter periods or
for different Uius of insurance. Therefore, although it lacks a coho'ent
tlMor^cal foundation, the target underwriting profit margin method is
probably not entirely witiiout merit.

Tiaget Total Rtde of Return

The first attoniHs to oHnbine investment income with undCTwritin^ profit
nvolved devdopii^ a tai-get taHal rate of return for insurers simiku' to

total rate of retiun for utilities (see Cooper, 1974; and Ferrari,
1968). Ttw total return geiKrated from invntments and fr<mi uncterwriting
otmikmtA wrae s ^ e ^ i d to a targd;. After the iavntment moome is
forect^ed, tbe reqiured on^tewritii^ IHofit marpa caa be cakulated.
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formula for the target total rate of return can be repr^ented as follows:

TRR = aA/S)aRR) + (P/S)(UPM), (1)

where
TRR = target total rate of return;
IA = investable assets;
S = surplus;
IRR = investment rate of return;
P = pronium;
UPM = underwriting profit margin.

The primary problem involwd in using this technique is determining the
appropriate target for the total rate of r^um. When applied to public utility
firms, a similar problem aris^ but this is handled by setting the t a r ^ equal
to ttw weighted average cost of capital. Utilities have two sources of capital:
debt aiui equity. The cost of debt is typically detomined by averaging the
interest rates on outstanding issues with the expected rate on any new debt
issues to be offered. The cost of equity is ^tablished by aiq)lying an asset
pridng modd to the firm's security vsdue. If the CAPM is used, then the
utility's beta, or systematic risk factor, is det^mined from past stock price
movements and applied in equation (2):

- r f ) , (2)

wl^re
cost of equity capit^;

= risk frw rate of return;
(systematic risk) of equity;

eipected return on the market.

In order to apfdy tlie target total rate of return modd, TRR is set equal to
where E(re) is determined as shown in equation (2).' Although the

authors are acA aware of any Kiurces whkh retort propoty-iiabil^ imurer
equity betas from 1926 t h r o ^ 1^5, Hill (1979) fcnuul that the average
insurer equity beta fnsn 1951 tbrou^ 1965 was 61. HUI tuKi Modi^iani
(1^7) aiMi Fair^ (1979) rq)ort equity bdas for iasurm^x stocks during the
197% avta^^ing about unity, or equivalrat to the bda of the oiarkd as a
wtote. Both valiws will be coosid^ed in the tests whidi follow. Combining
equations (1) and (2) and mataagsm tenns leads to:

UPM = (S/P)[rr-(-/3e(E(rJ-rf)-(IA/S)IRRl. (3)

Annual values for the rigiit hand parameters can be olrtained from
historical expeid»i^ and the wKlerwriting profit margin detotnined frmn the
total rate of rdum mo<tel can then be compared with »:tual uncterwriting
profit margins.

* AllhGwî  tte CAPM f o n ^ i k uMd to «dc»hHe B(T^ Ike toad atte of leiua fflcttod dan not
depeml OB the CAPM, as«ftR t e ^ a i ^ eoidd be med to (AMriB E«g.
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Capital Asset Pricing Model

The CAPM, defined in equation (2), has been applied to insurance by
Fairley (1979), HiU (1979) and HUI and Modigliani (1987), among others. The
basic form of Fairley's CAPM model is given by equation (4):

UPM = -krf-l-|3«(E(rJ-rf), (4)

where
k = funds generating coefficient;
/Ŝ  = underwriting beta.

Based on this form of the model, the insurer credits the funds generated
from the insurance transaction at a risk-free rate which is offset by the
required rate of return based on the systematic risk of the underwriting
transaction. The funds generat^l by writing insurance result from the lag
between ti^ r«:eipt of premium and the payment of expenses and losses that
occurs with many typ« of insurance. The insurer is expected to credit these
balances with the risk-free rate, although the insurer may elect to invest in a
more risky asset with a higher expected return. If this is done, any excess
return, or below risk-free rate achieved, would be borne by the insurer. On the
underwriting component of profitability, in competitive financial markets,
insurers w^uld only be rewarded for assuming systematic, or undiversifiabte,
risk. Thus, the systematic risk of underwriting would be measured and the
insurer entitled to offset the risk-free rate payout with the appropriate risk
adjust«l rate of return of the transaction.

The insurance CAPM model d^cribed in equation (4) does not include the
effect of tax^. Fairley revised this model to include a provision for taxes, but
that model did not account for the differential tax treatment of underwriting
income and investment income due to dividend exclusions, tax free
inv^tments and capital gains taxation. HiU and Modigliani (1987) developed
an insurance CAPM that aUows for differential tax rates.^ This model can be
written as follows:

UPM = - kr^l - T J / ( 1 - T) -h |8«(E(r J - r̂ ) + (S/P)rKV(l - r)), (5)

where
r, = tax rate on investment income;
r = tax rate on underwriting income.

Dixounted Cash Flow Model

The discounted cash flow modd was developed by Myers and Cohn (1987)
for tibe 1^2 Massachusetts automobile rate hearings as a counterpart to the
CAPM appKoak. SMX 1^2, this appr<»u:h has been used as tl^ basis for
smii^ aotcHDoUle insuraiK^ r ^ in that state (see Denig, 1^7). The basic
fcHmulation of the Myers-Cohn modd is:

, Umida (l%7a and l%7b) also
i^fied a dWiHVBtiri tax nte ta IIU t«iu of tt« nodd.
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P = PVaE)-l-PV(UWPT)-i-PVaBT), (6)

where
PV( . ) = present value operator;
P = premiums;
LE = losses, loss adjustment expenses and other expenses;
UWPT = tax generated on underwriting income;
IBT = tax generated on income from the investment balance.

In the Myers-Cohn model, the present value of losses, loss adjustment
expenses and other expenses, PV(LE), is found by discounting these cash
fiows at an appropriate risk-adjust^ discount rate.^ The present value of the
taxes on the underwriting profit, PV(UWBT), is calculated by multiplying the
tax rate by the present value of imderwriting income; viz., PV(UWBT) =
T[PV(P) -PV(LE)1 . ' » The final component, PV(IBT), is determined by
discounting the tax generated on income from the investment balance at the
risk-free rate.*

Myers and Cohn obtained information from the Massachusetts Rating
Bureau on the cash fiow patterns by quarter for premiums, losses, and
expenses. The premium income and loss and expense outfiows were then
discounted to a common time, in this case the beginning of the first quarter.
The tax on underwriting income was determined by applying a tax rate that
approximated the maximum corporate tax rate to the difference between the
indicated premiums and the losses (including expenses). As these were
undiscounted values, the underwriting income tended to be negative, in which
case the technique assumed that the underwriting losses were offsetting other
taxable income.

Tte procedure for determining the tax on investment income involved
allocating surplus to the premium in(»me and combining the surplus with the
unpaid losses and expenses to determine an aggregate investment level.
Technically, the proper surplus allocation is tte ratio of surplus to the net
present value of die cash fiows onanating from the contract, which include
losses and loss adjustment expenses, general expenses and the taxes accruing
for underwriting iuid inv^ments. In Massachusetts, this ratio is
promulgated by the insurance commissioner. However, since the present value
of the premiums is expected to equal the present value of all the cash fiows [as

'As in titt case of the uXBi rate of return nmdd, while the ^^i^sriate discouitt rate may be
caicolated from die CAPM formula, Oe Myers-Cdm IMHM does not {svdude the «isoux ofoOm
tedmiques.

* SSnce P is recdved irt Om b^inning of the poiod aad is tiKtefmc known witt CKtraity. PV(P)
is tomnined by disccwnting P at the risk-lTee aic.

' Myof ^iwed in the 1%5 Massadiusetts autcnnolnte rate hearings that the rid( adjured {Hcsent
value of tlM investment tax liability for a fixed effective tax rate is the saoM for all anet pwtftriios.
Offlseqiienti;, tiie eotreet vahw for PV(IBT) a olxamed by i&coattiiig the t n UiMtity itt the
ride-free rUe. Sw Derrig (1985) for a m^ew ot Myns' proof.
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shown in equation (6)], the ratio of surplus to net written premiums is often
used as an approximation for this allocation.

Several minor adjustments will be made to the Myers-Cohn approach as
appli^ in this article. Some adjustments are made to accommodate a
difference in notation to be consistent with the remainder of the article.
Others represott a timing difference that occurs based on the different data
sources used to obtain the infonnation used in the respective studies.
Additionally, all cash flows wiD be discounted based on the risk-free rate. This
would be equivalent to applying an underwriting beta of zero, which is one of
the alternations tested for the CAPM methodology. The discounted cash flow
model tested in this study is:

P = PV(E) + PV(L)-f-PV(UWPT) + PV(IBT), (7)

where
E = expenses other than loss adjustment expenses;
L = losses and loss adjustment expenses.

By dividing through by the premium P, equation (7) can be rewritten:

1 = PV(ER)-I-PV(LR)+PV(T(1-ER-LR))-I- PV(T(1 + SL)(LR)(LPP)), (8)

where
ER = expense ratio;
LR = loss ratio;
T = tax rate;
SL = ratio of surplus to premiiuns;
LPP = loss payout pattem.

The premiiun payment pattem on the historical data is not known and most
likely changes over time. In general, insurers will collect premium income
either when the policy is written or in inst^ments over the policy period. In
many cases the insurance agent actually collects the premium 30 to 60 days
prior to submitting it to the insurer. However, this delay represents a form of
compensation to the agent, although the foregone interest is not properly
reported as a commission expense. This delay should not affect the proper
premium determination. During much of the period studied, policy terms
tended to be for either armual or three-year periods, with annual installments.
Assuming the proniums were paid at the b^inning of the coverage period, or
of the year, the premiums would be received by the insiurer or its agent six
months prior to tlw average coNwrage period. As interest rates rose during the
1970s, insurers adoined shorter policy periods and developed some contracts
that detayed tte' receipt of premiums (such as paid loss retrospecti\%
contnute), but these dewetopoKnts would only affect t te last few years of the
samide period. Hius, it will be a s sun^ that a six-month delay ocxurs betweoi
tlw reca]A of iH^radum mtd tte middle of the coverage period.

do not maintain ej^iense allocartion records that assign expenses,
hsss adjustnKnt CKpeases, to individual policies. Instead tt^se

exposes t e ^ to be aOocated to UMS of bimne». TIK e]q)a^e ratk> f<» a givim
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line of business is detennii^ by dividing the expemes, other than loss
adjustment expenses, for a given line of business by the premiums written in
that line during the same period. In many cases, expenses such as
commissions, premium taxes, and policy record keeping costs are incurred
simultaiKously with the writing of the policy. Other expenses, such as those
for policy development and ratemaking, would occur before a policy was
written. Some other expenses, including policyholder service, would be
incurred after the policy is written. Lacking reliable infonnation about the
true timing of expenses, it will be assumed that, on a>%rage, expemes are
incurred when the policy is written. Thus, there is no time lag between
collecting the premium and paying expenses.

The other notable feature of expenses for the purpose of this test is the
calculation of expense given the premium level indicated by the discounted
cash flow approach. Theoretically, the premium level is determined by
discounting the expense, losses and tax payments, but the level of expenses is
based on the premium level. Commissions and premium taxes, which make up
approximately one half of the expenses, are directly proportional to the
premium income. Other »cpenses, such as salaries and advertising, could also
adjust in line with premium income. Additionally, agent compensation in the
form of interest earned on premium balances is not reflected in traditional
expense ratios. To avoid adding an additional step and further assumptions in
the determination, the actual expense ratio achieved by insurers during the
sample period will be used to represent the expenses in this model. To the
extent that the indicated premium level diverges from the actual pronium
level, this will be inaccurate. However, the inaccuracy is tonpered by the fact
that if the premium level charged had been the indicated, and not the actual
level, then expenses would have adjusted partially to compensate for this
difference.

The loss ratio is the nominal, undiscounted loss and loss adjustment expense
value divided by earned premium. This is the value to be solved for in
equation (8). As the expert ratio is assumed to be the historical value, and
values for the other parameters can be estimated, then LR is the only
unknown in the equation. Once LR is determiiKd, then the indicated
underwriting profit m a r ^ can be determiiKd by subtracting the sum of the
loss ratio and the expense ratio from unity.

Option Pridng Model

option pricing modd has only recently been ^plied direiAly to
Ivoperty-Uability insunmce and to ratemaking in particular. To the authors'
kmiwkdge, the mun applk^tions of oi^on pridng techniques to the pdcing
of prcqM»ty-Iiabiiity insurance are tho« of Cuoimins ( lS^) , Dodg (1989)
ami Dohoty ami Oarv^ ( 1 ^ ^ . Cumminit dimws a eootimKHK
process modd fcH' valuii^ the Uid^i^es of ^vency gwoimtee
AithcN^ bis BKxId is nc^ ex|dksUy aiqdied to raremalriag, it
for that pirpose. Oorig's ot^ectives are axaaewlmt ^Sfttad. He is
with tbe e^knslton of solvai^ {wotebilit^ turi^iK kweb by ttoe,
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pronium loadings. Doherty and Garven are directly concerned with derivation
of the competitive or fair insurance price and, for this reason, the following
discussion sununadzes their approach.

The rationale for applying the option pricing model to the pdcing of
insurance is that the payoffs received by the insurer's various daimholders are
isomorphic to the payoffs on options. For the sake of example, consider the
case of a stock insurer in which the three major claimholders include the
shareholders, the policyholders, and the tax authorities. To simplify matters,
assume that the insurance firm is set up at one point (e.g., at the teginning of
the )«ar) and is operated for one period (e.g., one year) at which time aU
liabilities are discharged or reserved. Doherty and Garven show that the
present valu^ of the claims held by shareholders (Ve), policyholders (P) (net
of expenses), and the tax authorities (T) are as follows:

Ve = C[Y,;L1 - TCtO(Y, - ¥„) -t- P;L] = C, - TC^, (9)

P = V(Y,)-C(Y,;L). and (10)

T = TClfl(Y,-Yo) + P;L]. (11)

where V(Y]) is the current market value of the insurer's terminal cash flow Y,,
the cash flow 0(Yi - YQ) -f P - L r^resents the amount of Y, that is subject to
taxation, 0 is a tax adjustment parameter (0 e [0,1]) which accounts for t te
insurer's tax sheltered investment activities, and C[A;B] is the current market
value of an option written on an asset with a terminal value of A and exercise
price of B. It is worthwhile to note that the values of the shareholders',
policyholders', and tax authorities' claims (Vg+^P + T) add up to V(Y,).

Giwn equations (9), (10) and (11), the objective is to price the insurance
policies such that the shareholdo-s receive a fair rate of return on their equity
investment in the insurance firm. As in the case of the insurance CAPM, the
fair rate of return is that which would be earned in a competitiw capital
market. Such a return would be made for investors if the pr^ent value of their
future i»yoff (V^ were equal to the value of the coi tal they invirated in the
firm (S); i.e.,

V, = C[Yj(P*);L]-TCf <KY,(P*)-Yo(P*))+P»;L3 = C 1 - T C * 2 = S. (12)

This is an impikit solution to the fair insurance pri(%. The valu» of tbe two
call opt»)Bs, C, and Cj dq)end, among other things, on tbe {vanituns charged
to policyholders. The preouums clearly affect the value of the underlying aaad
against wMdi the two call options are writt^i. Thus the solution requires that
a levd of jHieniums P* (net of expem&i) be chosen such thi^ equation (12) is
satisfkd.

is to provkk an explidt valuation framework for C, and
CJ . Dobraty saxi Garven (1^6) jH-ovide two c ^ o n prking modds based uptm
altermtiwe ^)edflcatk»is ooaconBog the stodiastic characAoistics of asset
returns and investor risk pnfaeanxs. One modd assumes that asset retrnns
are tuxmaUy distributed a i ^ investor prefe^nc^ «hibit constant absolute
risk avcaracm (CARA), while the other nKXiel assumes log nonnaUy distributed
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asset returns and constant relative risk aversion (CRRA).* Although neither
option model provides a closed form solution for P*, P* can be solved for
numerically by implementing appropriately parameterized versions of
equation (12). Furthermore, P* may be translated into the underwriting profit
margin by the routine solution of equation (13):

(13)

The option pricing model has several practical advantages over the CAPM.
First, it avoids the need for estimating and using underwriting betas.
Secondly, the option pricing model addresses the effects of insolvency and tax
shield redundancy on the fair rate of return, while the CAPM assumes that
these effects are negligible. The work undertaken here reveals that the tax
effects especially have a signiflcant impact on the results.

Data and Methodology

Some Caveats

Testing property-liability insurance pricing models historically is extremely
difficult, which most likely explains why only limited tests have been
performed. Data availability problems are significant. Because several of the
models require data that are not regularly reported, many assumptions had to
be made in testing these models over the sample period. The validity of these
assumptions is obviously critical in determining the applicability of the models
and valid criticisms of these assumptions can be raised. However, the authors
believe that the assumed values represent the best possible estimates of the
necessary parameters. While they are recognized as not being completely
accurate, no better values are known to be available. If these tests are to be
performed, they must necessarily be done with less than perfect input values.

The primary data source for insurance industry information was Best's
Aggregates and Averages. Several problems with the use of this data source
arise. Industry figures reported are aggregate values for all insurers. As some
insurers are owi»d by otlwrs, aggregate figures include some double counting
of surplus and other values. Consolidated figures, which avoid this double
coimting, are only available for the ymrs since 1983. For consistency,
aggr^ate figures were used for all )«ars so that any errors introduced by this
ai»umption would be included over the entire sample period.

AtK>tha' problem with this data source is that incurred kisses constitute
calendar year rather than acxktent y«ur values. Any rraerving change would
distort the cal«idar year results. Num^ous researchers have demonstrated
that I<»s reserve adequacy dian^s ewer time and the d^ree of tutequacy is
correlated with intarest rates (see Anderson, 1971; Balcarek, 1972; Fbrb«,
1970; Stmtb, l i ^ and Weiss, 1985). Unfortunately, accurate acadeat year

' H K reader Is refored to DcAerty and Oarvra (1986) fw ttetails ctmconing the dah«tl<m and
MtheBHttkai Anu^ine of that m o d ^
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experience for the industry is only available for the last seven years of the
sample period. Thus, again for consistency, calendar year values are used
throughout the period. The only mitigating factor for this assumption is that
regulators, the insurance press, and many insurance managers tend to

. concentrate on calendar year values, increasing the importance of this value
for pricing purposes. Over the entire sample period, the changes in loss reserve
adequacy wUl tend to cancel out (the distortions in calendar year values caused
by inaccurate reserving will be offset by errors in the opposite direction as the
losses are settled in later years) so that the mean values of the actual results
and model values will not be distorted by this substitution, but individual
years' results will \x affected by this problem.

Loss payout patterns for the entire sample period are not available. Over the
ten years for which these data are available, the by line results are remarkably
stable. Assuming this stability occurs over the entire sample period, loss
payout patterns are generated for earlier years based on line of business
distributions.

Predictions generated by several of the models tend to be quite sensitive to
tax-related assumptions. No useful infonnation on the marginal tax rate of
the industry is published. This study assumes that the applicable tax rate is the
maximum corporate income tax rate excluding excess profits taxes. However,
the sensitivity of these models to this parameter and the significant impact of
the Tax Reform Act of 1986 to insurance industry taxation indicate the
importance of more research on the effective tax rate for the insurance
industry.

In addition to the problems involved in obtaining usable data, several
potential econometric problems may exist. For the option pricing model, the
indicated underwriting profit margin is a function of individual insurers'
premium to surplus ratios, which will not be the same as the aggregate value.
The goodness of fit tests rely on the assumption that forecast errors are
uncorrelated with economic variables such as interest rates. Some research
suggests that reserve adequacy and other factors that affect insurance
profitability are correlated with economic variables (see Fields and Venezian
(1989; VeiKzian (1988a and 1988b), and Weiss (1985)). To the extent that this
conelation occurs, the valu^ons of the different modds may be subject to
error. FurthemKire, underwriting profit margins for stock insurers for all lines
combined are vsad in this study. However, insurers set rates for individual
cowragK or lin^ of business. If an ^gregation bias (i.e., a systematic
distortion caused by combinit^ different lines of busings together) exists,
then the results of this research could be misleading. This probl^n is discus^d
more fully in a recent article by Fields and Venezian (1989) and suggests that
titt resuhs of this research vaast be intopreted with caution. Ndtlwr of the
above ti^d eccmonwtric problems affects the mesca levels of t te actual results
or ihs model forecasts. Hoviwrar by aff«:ting the mean square errors, they may
influooce the time soies tots.
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Description of the Data

Actual underwriting profit margins for all lines of business combined are
used as a basis of comparison for evaluating the various models. The
experiau% for the 60 years from 1926 through 1985 is used since this era spans
nine underwriting cydes over a variety of economic conditions.

TIM underwriting profit or loss for each year is determined by subtracting
the sum of the loss and loss adjustment expense ratio (calendar year incurred
loss and loss adjustment npenses divided by earned premium) and the
expense ratio (total expenses excluding loss adjustment expenses, investment
Mpenses and federal inojme taxes divided by net written premium) from one.
Tlw aggregate values for all stock insurers, as reported in Best's Aggregate
and Averages, are used to determine the actual underwriting profit or loss.

The target underwriting profit margin for aU lines combined is determined
by calculating the weighted average of the 2.5 percent workers' compensation
margin and the 5.0 percent margin for all other lines. This weighted average is
calculated based on the premium distribution for all stock insurers as reported
in Best's Aggregates and Averages.

The total rate of retiun values for the appropriiUe underwriting profit
margin are based on the surplus to pronium ratios, the risk-free rate of
return, the insurance industry systematic risk level, the excess market return,
tbe ratio of investable assets to surplus and the investment rate of return
eariKd by the insurance industry. The net written premium and surplus values
for all stock insurers combined are taken from A.M. Best's Aggregates and
Averages. The risk-free rate and the market return is taken from Ibbotson and
Sinquefidd (1986). The value of investable assets can also be derived from
Brat's, but measurement of the investment rate of return presents some
difficulties. Best's reports two investment return values for all stock insurers
combined. H e first, net invratment income, is the total, net of expenses, of all
interot and dividend income recdved. The second investment income value
reported is the inv^tmoit profit or loss which adds the net realiKd capital
gains or tosses to the net investn^nt income value. This does not include
um«alized c{4)ital gains and io s s^ which a true market rate of return slwuld.
Gains tbat are realized in one period could bave occurred in dtbei tbe current
or prior pmods. Tax effects depeadeat on insurer profitabHity may bave led
to tlK wiling of assets to r«dize gains or k>ss«, so tbe carryover effect of
irareidi»d gains and lossa caaaat be a^immi to be neub^. Momews, despite
tiKse probtens, eacb of tbe reported investmott inconn values is used
sepuratdy to gmo-ate tbe UPM value. As tbe repeat^ vali»s represoit total
ddUars of investmat mame adiieved, these values are equal to the product
(IAKIRR) [see equation (I)].

In addition to ^x indu^ry r^)orted inv«tn»nt r^ums, a nrarket value for
IRR is mdaded. Tl» n ^ used is Uie kii^ term gavermaetA bond yidd (not
t(Mal rate of rm^n) reported in Ibb(^»» and SnqtHsfidd, as tbis represents
tte taxai common insure investEoent. Hie yulds rqmsrat tbe esp&Aed r ^ of
return for insiir«r8 investors in bonds, since duui^n in mariot values of bonds
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resulting from interest rate level changes ar« difficult to predict. Otw problem
that must be rea^nized in this approach is the discrepancy between the
reported values for insurer assets and market values. Insurers value bonds at
their amortized value. Thus, any difference between the purchase price and
maturity value is assumed to be reduced proportionaUy as the time to maturity
elapses. Any market vidue fluctuations are ignored. The direction and
magnitude of this distortion in reported values from market values depends
on past interest rate changes and portfoUo turnover.

The CAPM including taxes, as shown in equation (5), is used to derive
predictions for underwriting profit margins. In order to estimate CAPM-
based underwriting profit margins, values for the fimds generating
coeffident, k, the tax rate on inv^tments, T., the tax rate on underwriting
income, r, the systematic risk of underwriting, P^, and the expected return on
the market as ai whole, E(x^ must first be estimated, along with the previously
mentioned risk-frra rate and surplus to premium ratio. The funds-generating
coeffident was determined by dividing the loss and loss adjustment expense
reserves by the net written premium for stock property-UabiUty insurers, as
provided by Best's Aggregates and Average, from 1939 through 1985. Prior
to 1939, the loss and loss adjustment expense value was not provided. For the
years 1926 through 1938, the value of k was determined by applying r^r^sion
coeffidents to the percentage of premium written in Schedule P Unes of
business for the current and two pr^^eding years. The regression coeffidoits
were obtain^ by fitting the 1939 through 1985 values of k to current and
lagged values of the percentage of premium written in Schedule P Unes of
business.

The tax rate appUed to underwriting income is the maximum corporate tax
rate each year, excluding excess profits taxes, as reported by Seater (1980).
The tax rate on investn^nt incmas used in this study is 50 percmt of tbe tax
rate on underwriting income. Although the tax rate on invatntents would vary
depending on the portfoUo mix and realization of gains and k»ses,
information necessary to determine the investment tax rate is not available for
most of the period analyzed. B^inning in 1^3, a consoUdated industry
annual statonent was calculated by the A. M. Best organization, and starting
in 1984, included in Best's Aggregates and Averages. Based on this
information, tiM ratio of taxable inv^tment income to total investment
income was 45.5 percent in 1983, 50.2 percent in 1984 and 52.7 percent in
1985.7 Frcnn these va lu^ the assumption that 50 percent of invato^it
incon[» VHi\M be taxable was derived.

Tbe opected rotum on the market is determined year-by-year by adding the
avera^ market risk i»-emium, or difference between common stock returns
and Tioisury biU returns, for 1926 through 1985. During this period, comnMm
stock numm were 8.5 percoita^ pcnnts hi^wr on avrâ age than Tr&amy InU

' l i e ttaOa is reared to die ̂ ^adix for ifetails on bow these valaes WRC
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Two values are used for the underwriting betas in this study. Hill (1979)
calculated a value of - 0.23, with a standard error of 0.24 (based on a pooled
regression) for the beta of liabilities for the period 1951 through 1965. Fairley
(1979) determined a value of -^0.21 for the beta of liabilities. Although the
b^a for liabilities has been shown to have a iKgative sign, in determining
underwriting profits liabilities are subtracted. The negative systematic risk for
liabilities then becomes positive systematic risk for profitability. Thus, one
value of the underwriting beta used in this study is 0.20. Other research
indicates that the underwriting beta is not significantly different from zero.
Cummins and Harrington (1985) use quarterly data to determine underwriting
betas and found that tho^ were neither significant nor stable. Regressing actual
underwriting profit margins against market returns for the period 1926
through 1985 produces a value of -t-0.02, insignificantly different from zero.
Thus, the alternative measure of underwriting beta used in this study is zero.

For the discounted cash flow model, the present value factor for the loss
ratio is determined from loss payout patterns reported in WoO (1987). His
study covers the period 1981 through 1985 for Schedule 0 lines and 1977
through 1985 for Schedule P lines, the only periods for which industry data
are available, and finds the loss payout patterns by line over this period are
quite stable. Assuming this stability exists over the fuU 60-year sample period,
accounting for the changing mix of business over this period and changes in
interest rates is accomplished as follows:*

PVFLR = (SPAiKSPDi) + (l-^SPAiXSODi), (14)

where
PVFLR = present value factor for the loss ratio;
SPA = percent of net premiums written in Schedule P lines (based on the

1985 definition of Schedule P);
SPD = Schedule P discount factor;
SOD = Schedute O discount factor;
i = year indicator.

'Insurers are required to report loss devdtoimait by line of bunness each year in Sdiedules O
and P of dM Annual Statemrat. Althougli the ifefinitions have changed somewhat over the years,
the i i ^ t of the division b to rqx>rt the fast dodng Imes in Schedule O uid tte skwer dosing Hnes
inScheduIeP. In gaKral,]Ht>pertyiiiMS are included in SdiedtdeOradt]MediilMtfocra«(» the
kwMS paid and s ^ i ^ ami subrogati<m re«jved in tbe same or rabseqaoit years. As losses in these
lines t » d to be smied quiddy, the exhil»t diqitays <fetafls of k>ss d e v ^ q H ^ t fcM- mily three years.
Scliedute P d^uls loss ̂ vdoi»ieiit fen-a kmger period, oiq^nliy «evai years, aow being extraded
to ten yHU«. The adequaty «rf reso-ve levels fat tones a^ IOH adjusOirat eqwBses vt dtcma for
eadi of the p^xt perioib. a & i w ^ f«M' a kxaga dbeek id reiene adeqnMy. Hie lioes of b u ^ « s
curmitly inchided in Sdwdule P « e : autemc^Ae liaMity, (Mixr liabiltty, meiftad maJ^actke,
wMkers" ampeiattiaa, farmowners nmKqde peril, homeownara raottiple peril, comoKraal
m i A i ^ peifl, ooeKB m»iM, urcraft mad baOa and macWway. AB otim Imet are mciuied io
ScheddeO.
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The Schedule P and O discount factors axe determined as follows:

SPDi = t, SPR/(l + rf)i- ^ (15)

where SPRj = percent of Schedule P losses paid in 'f^ year of development,
and

SODj = t. SOR/(l-l-rf)i- 5, (16)

where SORj = percent of Schedule O losses paid in the j " * year of
development.

The tax generated on underwriting income is determined by multiplying the
maximum corporate tax rate for each year, excluding excess profits taxes due
to both the assumed temporary nature of these taxes and their extremely high
levels, by the underwriting profit margin. As it is assumed that written
premium precedes earned premium by six months, and the taxes are incurred
when the underwriting profits are earned, then the underwriting taxes are
discounted by the dsk-free interest rate for six months.

The tax generated on income from the investment balance is also
determined based on the loss payout pattern described by WoU (1987). For
each year the investable loss reserves as a percentage of the loss ratio are
determined by averaging the beginning and ending values for the proportion
of losses unpaid, calculated separately for Schedule O and P Un» and then
combined. This represents the average investment balance derived from loss
(and loss adjustment expense) reserves. AdditionaUy, surplus that supports
these r^erves is also invested and incurs taxation.^ To a«:ount for this
additional investment, the loss reserve investment balance is multipUed by one
plus the ratio of surplus to net written premiimi for the industry, determined
from Best's Aggregates and Averages for aU stock property-liabiUty insurers
for the yesu* tlie poUcies are written. The entire investment balance is
multipUed by the risk-frra interest rate for the year the poUcies were written.
The invNitment income is assumed to accrue equaUy over the year (actuaUy it
would be more twavily itraighted toward the beginning of the year when the
largest amount is available to invest; instead a level amount is assumed to be
invested over the entire year), thus the tax would be incurred halfway through
the year. Thus, the present value of the tax is determined by discounting the
tax by the runoff year number less one half.

Combining tin steps describe above into equation (8) leav^ an equation
with one imknown, LR, which can then be solved. The ii»iicat«l undo'writiag
profit mai^in is detomined by subtracting the actual expoise ratio and the
indicated l<»s ratio from unity.

ami Ccto pcrist out that tius taxi^<» riicMild be IHXIK by the pdiqiuMCTs since the
PKfiiagn «f msmmce cqAa! cookl a tern^vt^ Invest tfiis OMMtai iatsAy in the c^itail nMrkets
u d »mM tkte adidUK»al fagwr of om^cgtut tioioim.
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The values used in the option pricing model aie as follows:

Initial Equity 1.000
Standard Deviation of Claims Costs .2958
Correlation Between Investment Returns and Claims Costs .0763
Tax Adjustment Parameter .5000
Market Risk Premium .0850
Standard Deviation of Market Return .2137

The values for the funds generating coefficient, risk-free rate of interest and
statutory tax rate all vary by year and are determined as d^cribed previously.
The expected claims cost, beta of the investment portfolio, and standard
deviation of the investment portfolio also vary by year. These valu», and the
parameter values not used in prior models, are determined as follows:

1) The expected claims costs is the ratio of incurr^ loss and loss adjustment
expenses to surplus for stock insurers for each year.

2) The standard deviation of expected claim costs is the standard deviation
of the ratio described above over the period 1926 through 1985.

3) Tlie correlation between the investnunt returns and claim costs is the
correlation for the period 1926 through 1985.

4) The beta of the investment portfolio is the weighted average beta for
stock insuro^ based on their portfolio distribution among bonds,
preferred stock and common stock each year. Hie bond beta was
determined from the Ibbotson and Sinquefidd (1986) data to be 3.64
per(%nt over the entire 1926 through 1985 period. The preferred stock
beta was determined from S&P data to be 14.78 percent over the pmod
1931 through 1981, the only years the necessary information to determine
rates of return was available.

5) From portfolio theory, it is well known that the standard deviation of a
well diversified portfolio is i»'oportional to the standard deviation of the
market, the factor of inroportionidity being beta. Therefore, the standard
deviation of t te invratn^nt portfolio is (ktermiiKd in this manner on a
yearly bads.

6) T ^ standard deviation of the market is the standard demtion of
common stodc r^ums for the pariod 1926 through 1985.

Methodohgy

\%uious critoia exist for evaluatii^ Use accuracy of the forecasts
by a {HVdktive moctel. This study UMS the n^m square oror criterion as
^ivdoped by Thai (1966).

Tbe mean ^femre o tor (MSE) of a iHe(&:tii»i & caleulat«i as

MSE = iE(P , -AJ2 , (17)

vben A, Is the actual and P, is tbe predicted value of a variaUe m pa8>d t.
Since this 0»asure is zero in the case of pofect
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which yield low mean square orors have greater forecast accuracy than do
models with high mean square errors.

A related measure of forecast accuracy is given by Theil's U statistic:

(18)

As is the case with mean square error, Theil's U assumes a value of zero in the
case of perfect forecasts. Also, Theil's U standardizes mean square error as a
function of both the level and variability of the actual underwriting profit
margin series, thereby facilitating comparison of predictive models over time
as well as within various subperiods. "> Since the obj^rtive is to evaluate the
forecast accuracy of the various property-liability insurance pricing models in
this mminer, this study reports TheU's U as well as mean square error. Next,
raw data and summary statistics for resdized underwriting profits and model
predictions are evaluated on a model-by-model basis. This is followed by an
analysis of mean square error and Theil's U statistics.

Empiriori Results

Analysis of Raw Data and Summary Statistics

Target Underwriting Profit Margin: The actual and predicted underwriting
profit margin series are hsXeA in Table 1 for 1926 through 1985 and presented
graphically in Figures 1-9. Also, summary statistics are reported in Ikbk 2
and presented graphically in Figure 10. In Table 1, the first and second
columns list the year and actual (ACT) underwritii^ profit nuu'gin series. TIM
third colimm lists target underwriting profit margin (TARG) prediaions
obtained by weighting the 2.5 percent and 5.0 percent profit standards
according to the historical evolution of the industry's premium distribution. A
cursory examination of th^e djtta (see Figure 2) indicates that ttw target
underwriting profit margin is (not surprisingly) insensitive to changes in
ecoiK»nic conditions aad, since 1956, doc& not even fall within the range of
actual underwriting profit margins. Interestii^y, in spite of tte obvious
tlKoretical shortcomings of this m^hod, tlK average actual underwriting
profit margin from 1926 through 1955 was 4.65 percent, just .10 percoits^
points lower than the average target underwriting profit margin. Owt the
entire sampte period, the as&ig/e target undo'wdtit^ profit margin was 4.73
p@'ceat, 3.41 percentage points highca' than the average axxmi uiutowdti^
profit margin of 1.32 percoit. Thus, altliot^ this nwthod may have once had

throng by the mem Of the square of the actu^ retwB serin, TIMH^ U
eflecttvdy re»len M ^ scale-free. Esaoitiidly, Tbol's U ^wvktes an tadkatficm of rditive as
tq^ioted to tSoKhax ect&t. This BMtlwd of aandm-di7ation facilitates the c<Miq»araon <rf {««fictive
n » ] ^ s over time by taking out tfK ̂ e c t s of iat«»tCTiqxMid dumges in tiM levd as-wdl as variaUIity
(rf Ae actual retoa soies.
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some v^dity, it is obviously not realistic under the market conditions which
have prevailed throughout most of the postwar period.

Target Total Rate of Return: The predicted underwriting profit margins for
the total rate of return methodology, based upon various parameter
assumptions, are Usted in columns 4 through 9 of Tkble 1 and graphed in
Figures 3 through 5. Column 4 Usts values for TRRl. This model is based
upon an insurer equity beta of.61 and the use of net investment income in the
calculation of the insurer's investment return. The TRR2 series in colunm S
differs from TRRl in that investment return is defined by the net profit or loss
value rather than net investment income. In column 6, the market yield on
bonds is substituted for the investment return in order to produce the TRR3
series. The models represented in columns seven through nine (TRR4-TRR6)
are similar to TRR1-TRR3, the only difference being that the insurer equity
beta in those models is assumed to be equal to unity rather than .61.

The TRRl model tends to underestimate the actual return series prior to
1956 and overestimate afterwards. The TRRl series is much less volatUe than
the actual underwriting profit margin series, with a standard deviation of 2.36
percent compared to 5.74 percent. In contrast, the predictions generated by
the TRR2 model are extremely volatile, with a standard deviation of 8.92
percent, 3.18 percentage points higher than the standard deviation of the
actual underwriting profit margin series. This volatUity most Ukely results
from the discretionary nature of reali^d capital gains and losses. The insurer
can, to a significant extent, time the realization of capital gains and losses so
as to derive maximum tax-related benefits. Thus, the reported investment
income including realized capital gains and loss^ wiU generaUy tend to be
biased as a function of the tax position of the insurer, and these effects will
not tend to cancel out in aggregate due to the systematic nature of insurance
profitabiUty. The results for this model clearly iUustrate the pitfaUs assodated
with basing prices upon a definition of investment income which includes
realized capital gains and losses.

The TRR3 series tracks the actual return series fairly weU during some years
(such as 1926 through 1932 and 1983 through 1985), but in general this series
underestimates actual returns (espedally prior to 1956 and after 1965). The
mean of the TRR3 smes is -2.41 percent, 3.73 p^centage points below the
a i^ '^e actual underwriting profit margin.

TRR4 and TRR5 appear to suffer from problems similar to those
imntiomid for TRRl and TRR2, as could be expected since the values for
investment income are the same with only the insurer equity beta changing
from.61 to unity. Koweva, this adjustOKnt appears to have a more favorable
impact upon the TRR6 series. For this model, the mean of 0.57 po-cent is only
0.75 percmtage points below tbe mean of tbe actual return series, white tte
standard deviation of 5.43 percent is only 0.31 percoitage points bdow the
standani deviation of the actual series. Hie pr«iicted r^ums track the actual
returns fairly dc^dy over the entire sample period. ConscQuently, tl» use of
currmt long term bond yitMs and an insum- equity beta of unity appears to
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produce the most accurate predictions under the total rate of return
methodology.

Capital Asset Pricing Model and Discounted Cash Flow Model: The
predicted underwriting profit margins based on the CAPM are iisted in
columns 10 and 11 of Table 1 and graphed in Figure 6. The values in column
10 for CAPl are based upon an underwriting beta of zero, whereas the values
in column 11 for CAP2 are based upon an underwriting beta of 0.2. As the
only difference between these two models is the value of beta multiplied by the
excess return on the market, which is estimated to be 8.S percent, then each of
the CAP2 values is simply 1.70 percentage points higher than the CAPl
values. The CAPM models predict returns that generally fall substantially
below the actual returns for most years in the sample, and this shortfall is
particularly noticeable during the period 1933 through 19SS. The means of
-2.81 percent for CAPl and -1.11 percent for CAP2 are 4.13 and 2.43
percentage points below the average actual underwriting profit margin as
measured over the entire sample period. The only years during which these
models made accurate predictions were during the mid-1970s, which may
have, coincidentally, bolstered their assumed applicability during that period.

The predicted values for the discounted cash flow (DCF) model are
presented in column 12 of l^ble 1 and graphed in Figure 7. This model
generates a mean return estimate that is close to the mean of the CAP2 return
series, (-1.27 percent vs. -1.11 percent), but with an even lower standard
deviation. The DCF model also performs well during the mid-1970s and early
1980s, but not particularly well during other subperiods.

Option Pricing Model: The predicted underwriting profit margins based
upon the option pricing model are listed in coliunns 13 through 18 of Table 1
and graphed in Figures 8 and 9. The OIR series listed in column 13 is based
upon the normal option pridng model, while the O2R series in column 16
makes use of the log normal option pricing model. The standard deviations
for these models are quite close to the standard deviation of the actual return
series; i.e., S.30 percent and 5.51 percent for OIR and O2R compared with
5.74 percent for the actual return series. However, unlike the previous models,
OIR and O2R tend to systematically overestimate the actual return series. This
propensity toward overestimation is specially evident from 1950 through
1976, when aU deviations Iwtween predicted and actual returns vme positive
for both models. This result largely derives from the fact that these models
implicitly assume that tax shields can be fuUy utili2^ by the insurer only when
the terminal (next period) value of its assets exceeds the value of its tax shields.
In states of the* world where the terminal value of the insurer's assets is kss
than the value of its tax shields, these option models assunK that those tax
shields which are not utilized aq»re worti^ss. Since wasted tax shields
eflTectively incr^ise the burden of the corporate tax upon the insurer, hi^ier
undowriting profit margin estimate tu-e produced during this period by OIR
and O2R than by alternative finandal imdng mcKleis such as CAPl, CAP2,
and DCF which imidkatly a»ume dtl^r tbat tax shields are dlvmys fully
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Utilized or that the tax system provides for the contemporaiwous realization of
tax rebates as weU as liabilities.''

Sin<% tlw OIR and O2R models determine upper bounds for the effect of
underutilized tax shields on the underwriting profit margin, two alternative
option models, OIN and O2N, were devised so as to produce option pridng
estimates under the same tax assumptions as are implicitly assumed by the
CAPl, CAP2, and DCF models; viz., assume that tax shields are iKver
underutilized. Consequently, the ratimates generated by OIN and O2N
rq)resent Iowa bounds for the effect of underutilized tax shields on the
undo'writing profit margin.'^ The primary differrace between the OIN and
O2N models and the CAPl and CAP2 models is due to the fact that the option
models endogenize the probability of insolvency, whereas the CAPM models
implidtly assume that dther the probability of insolvency is negligible or that
shareholders have unlimited liability. Interestingly, the OIN and O2N series
are very close to being perfectly positively correlated with the CAPl and
CAP2 series. 13 Furthermore, these two models also share the tendency of the
CAPl and CAP2 models to underestimate the true return series. Since the only

"Closer inspection of aiqriicable tax rates and nominal ratM of intovst during 1950 through
1976 and the years immetUateiy preceding and foUowing this period provides some clues as to why
the OIR and 02R estimates were so high. Prior to 1950 (specifically, during 1926 through 19^),
the average tax rate was 23.7 ptrceat. However, during 1950tbrou^ 1976, tax n ^ s avwaged S0.13
percent. This substantial increase in tax nttes iaaeased the value of the bj^xMbetically wasted tax
shicUs, therd^y cmising the predk^cm enror to be too high. Although tax rates tonained relatively
high during 1977 through 1985 (avra«gii^ 47.11 percent), sabsUa^ial increases in nominal rat« of
interest during that poiod lowaed the probabilities of tax shidd underutilization for the two
option models, therdiy I«sening the impact of wasted tax shields on the predictions generated by
these models.

"As a i»»ctical maHXa, tax ^adds vAadi are not utilized m tme period can be carried bask and
fonmrd if necessaiy. UndCT federal tax taw, kiKes only produce ccmtemptx-aneoiis tax rd>ates
under the ccmditicm that iaootae frtun previous years is actequate to fully offset loss carrybacks.
When this is not the case, losses are carried fonrard at a zraro rate of interest, and beyond a certain
pcmtt in time, carryforwards that u « not utilized eqnre. Consequoitly, the presott vahie of a tax
relMte from a loss carryf<wward is wwth tess than a coBtanpMaBcmis tax r^wte fat two reuons:
1) carryf(»^wanls cto not ears interest, aod 2) tiK in$ar«r may not iHxidiioeeBougii incmiK in future
periods to UM the carryfcHwards befcMv diey eiq^e. By rqa^oentrng the Umitiiig o s e «^ere tax fa>ss
carrybMdcs or carryforwards are disallowed, the OIR aiMl O2R modds detennine unsR bounds for
the effei^ of undCTutiHzed tax shidds on the uiuterwriting profit margin. AHbough the effect of the
carryb«d[<anyfmward provldon is not etttunated in thb artkfe diM to d^ i SaAatioos as wdS as
the lade erf a viidrie muUvaiod o|ttk» modd of laananoe pridng whidi directly faicorpwates ttis
provisioa, its ^ e c t can aevHthetet be qut t t^vdy infenred. SSnoe the ^ e c t of the canybmsk-
carryfwward ^emmm is to reduce the bwdea of wuted tax thiekis, lower vmdennitii^ profit
margiiis wcH^ be ii^jfied than are predicted by dthK OIR OT O2R. HwwwK, (me can dto be sure
fat tiw reasons givot albow Oat the iaqAed m w p m would exceed tfmse predicted by OIN Kid
O3N.

"As the probiddfties « f bmAvmey tmd tax iMM vmienama^im become wet^HIAe, the
CAPM ami ot^mt modeb cut be expmied to produce aaxSiat e^^^es f<x the rate of retura <m

(tee Oarven. 199^. Durmg ^ oitpe sumrie perkMl, the iaq^ed ptAaHBties of
.01 pocettfcK'aaindcqMkm modd and. 12 percent fwtlwk^^ocmativliiBi

. TIK ewfditioiH between Oe CAPM aad aaA (^tieo moddb we .9847 in Hie case ol tte
OIN series ami .9^4 for tte om series.
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structural difference bet^wen the O1R/O2R and O1N/O2N models is due to
tax assumptions, a third set of option-related models, OIC and O2C, vras
devised by forming linear combinations of the OIR/OIN models and
O2R/O2N modds which minimize mean square error as measured over the
sample period.'^

Analysis of Mean Square Error and Theil's U

The mean square errors and Theil's U statistics for the various models
described in the previous section are listed in Ikbles 3 and 4 for the entire
sample period and various subperiods, and Theil's U statistics are graphed for
the entire sample period in Figure 11. Based on th«e data, the relative
performance of the different models can be assessed. Over the entire period,
the TRR6 model produced the lovirest mean square error and Theil's U
statistics. Other relatively low values for these statistics are generated by OIC,
02C, TRR4 and CAP2. Counter to original expectations, the financial pricing
models do not perform as well as a model that ignores taxation and bases the
total rate of return on current long-term bond yields.

Breaking the sample into two 30-year subperiods indicates that TRR6 has
the lowest mean square error for the period 1926 through 1955, while TRRl
has the lovrast mean square error for the perfod 1956 through 1985. However,
for the second period the advantage of the total rate of return models over the
option pricing models is diminished, with TRRl having only a marginally
lowet mean square error than O2N.

A similar result is {^parent from the ten-year subperiods. The lowest nuan
square errors are generated by the following models: TRR4 during 1926
through 1935, TRR6 during 1936 through 1945, TARG during 1946 through
1955, CAPl during 1956 through 1965, and OIC during 1966 through 1975

"The wcagfating schenK d^cribed hae involves redefining P, in equation 17 for both the normal
and log^Kmnal opixiaa models in the following mani^r:

P, = XP, ,+( l -X)Pj , ,

î̂ iere X «M»resp(»ik to the weigjit qqdied to {Hcdiction P, t, PH is the period t in«didion
generated l^ the optasm modds which assunw tte possitnlity of redundant tax shidds (i.e., OIR
and 02R), aad Pjt c(HT^>onds to Uie poiod t prediction graiotued by tte option modds whidi
assuiM mmredundant tax shMds O-C-. OIN and O2N). Substituting ttds definition for P, into
equati(» (17), d^erentiatiBg with reflect to X, and «dvii^ fra- X «iien the <krivative assumn a
viyae of zero yields die following eqiatfkm fw X:

Aiqri)^ tU( foranrik to Ae OIR/OIN aad Q2R/O2N (farta fw 192% t l i r o ^ m s yklds X vi^wi
of.fi272 aBd.4019 reqiectiivi^. Tbese w ^ i t s «eie then iqipikd to theie data in ntter to gatoMt
tte OIC and <MCdM* series. One toyoataBtctMMquaice associated with ̂ irfyiBgfliis minimum
mma aqoBc e n w fotw^ is dist die maas (rf Ae OIC mMl OK^ series ««ideotiad to Ae mean
(tf AeacMd uadermttiBg ]8«lit B n : ^ Mite.
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and 1976 through 1985. For the last decade, the mean square errors of O2C
and TRR6 are almost as low as the OIC value. Thus, during the periods of
higher and more volatUe interest rates and longer loss payout patterns, the
flnandal pricing models apparently are capabte of produdng more accurate
estimates of the underwriting profit margin than the simpler total rate of
return models.

Evaluating the mean square errors of the different models across the ten
yeai periods iUustrates the relative strengths and weaknesses of each model.
The TARG model produced relatively low mean square errors only during
1936 through 1945 and 1946 through 1955, periods during which interest rates
and loss payout patterns syjproximated the period during which the target was
estabUshed. TRRl, which calculates the investment income based upon the
portfoUo rate of return rather than current rates, performed b^t during the
decade 1976 through 1985, a period marked by relatively high and volatUe
interest rates. TRR2 and TRR5 generated very high mean square error values,
but also produced their lowest mean square errors during 1976 through 1985.
TRR3 generated relatively stable mean square errors, except for the periods
1956 through 1965 and 1966 through 1975, periods during which interest rates
were rising. TRR4 generated its lowest mean square errors during the 1926
through 1935 and 1936 through.1945 periods, with short payout patterns but
very unstable economic conditions. TRR6 tended to generate relatively low
mean square errors, ex<»pt during the 1956 through 1%5 period when interest
rates began to rise.

Shifting attention to the finandal pricing models shows that CAPl
generated its lowest relative mean square error in the 1956 through 1%5
period, exactly when the previously discussed models were becoming less
accurate. Interestingly, the mean square errors for CAP2 were lower than
those of CAPl in every period except 1956 through 1965. The DCF modd
never produced a mean square error below the lower of the CAPM values. The
low^t mean square error for DCF occurred in the 1976 through .1985 period.

OIR generated relatively low mean square errors for each period exc^t
1956 through 1965 and 1966 through 1975. Interest rat^ began to rise
substantiaUy during these periods. OIN generated a mean square error below
tbe value for OIR only during the 1956 through 1965 period, indicating that
tax shields appeared to be most useful during that period. OIC generated low
mean square errors during the periods 1936 through 1945, 1946 through 1955
and 1976 through 1^5. The construction of this modd weighting OIR and
OIN to produce the lowest mean square error is such that these may have been
the most typical of the periods covered in the sample. O2R neva generates a
mean square error bdow that of OIR, indicating that the normal option
pridng modd is superior to the lognormal model if tax shidds are redundant.
However, the mean square errors of O2N are bdow the comparable values for
OIN indicating that the lognormal modd is supmor if tax shidds are not
redundant. For O2C, tbe lowest mean square errors are goierat^ in 1946
throu^ 1955 a i^ 1^6 Uirough 1985 »ui in botb case tbese valu« ax alcoost
the sanK as for OIC. The tax volatility daring the forn^ of tiwse two perkxis
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and the interest rate volatility dtu-ing the latter indicate that these models are
well suited for periods with volatile iiqjut parameters.

Conclusion

The purpose of this article has been to provide an empirical evaluation of
how well a number of alternative rate of return models fare in terms of
predicting underwriting profit margins. The tests contained herein are based
on the actual results achieved by all U.S. stock insurers in aggregate from 1926
through 1985.

The results of these tests indicate that the higher rankings usually tend to go
to the total rate of return and option pricing models. This is especially true
during the second half of the sample period as nominal interest rates began to
rise significantly. Unfortunately, relative rankings of the alternative models
are not very stable over time. Also, in spite of the fact that capital asset,
discounted cash flow and option pricing models use more variables than the
target and total rate of return models, this does not always translate into
greater predictive accuracy. It may be that the estimation process itself has
introduced error of a sufficiently high order of magnitude so as to turn the
theoretical advantages of these models into disadvantages. For example, the
predictions generated by the target and total rate of return models are not at
all sensitive to assumptions concerning values taken on by tax-related
parameters. However, the capital asset, discounted cash fiow and the option
pricing models require explicit recognition of taxes and are therefore sensitive
to errors in the estimation of these parameters. Furthermore, the option
models are particularly sensitive to changes in the tax related parameters.
Thus, further testing of the relative merits of the various pricing models may
need to await a more extensive development of an historical database on the
taxation of insurers.

Overall, the CAPM approaches do not predict the actual returns well until
the period from 1956 through 1965, and even then they do not outperform the
option pricing models by much. Subsequent to that period, the option pricing
model and even the total rate of return models outperform the CAPM
approaches. The discounted cash fiow model seems to be in line with the
CAPM values and never performs any better than the CAPM. Over the entire
period from 1926 through 1985 praiod, TRR6, OIC and O2C have the lowest
mean square errors. When the ten year periods are analyzed, the CAPM,
discouitted cash flow and option pricing mcKiels tend to bay/e lowei mean
square orors . However, for the 1976 through 1985 pmod, the taean square
error for TRR6 is practically the same as for the OIC and O2C models. In
geno^ , the authors believe that this research provides the strongest support
for the TRR6 model, which ignores taxation, and for the option pricing
models in which taxatkyn is an important fsurtor.

This research suggests a numbo- of possible avemi« for future research.
The favOTabte p«rfonnance of t t e ^ t i o n pricing model, whidi is based on
total variability taiha than simply systemats: risk as sugg^ed by the CAPM,
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indicates that additional parameter values must be obtained. This model
highlights the importance of taxation, for which only limited data are
available. Research on the investnwnt mix between taxable and nontaxable
securities for the property-liability insurance industry over an extended period
would provide more accurate values for the tax adjustment parameter. The
role of tax loss carryforwards and carrybacks could be better understood if an
analysis of insurer positions over time, particularly in relation to the
underwriting cycle, were documented. The effect of the Tax Reform Act of
1986, with its significant changes for insurers, is another important issue.
Additional studies focusing on loss reserves, both on changes in the loss
payout pattem and the effect of patterns of under and overreserving over time,
could provide useful additional information about the value of the different
pricing models. Additional long-term testing of the various pricing models for
individual lines of business or for individual coverages would avoid the
problems caused by the aggregation bias to which this study is susceptible.
Such studies would require additional assumptions about surplus allocation
and the tax effects by line, but reasonable assumptions could be made to
facilitate this research.

Finally, the analysis in this article is based on data for stock insurers only.
Although stock companies dominate the property-liability insurance industry,
there are also many firms which employ alternative ownership structures (e.g.,
mutuals, reciprocals, Lloyds, and captives). Future research aimed at these
market segments and the interaction among them would be helpful if data
limitations could be overcome.
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AppenlUx

The taxable portion of investment income is determinol by subtracting
from the total investment income the portion of investment income that is
a e m p t from Federal income taxation. Based on the consolidatml industry
Annual Statement blanks calculated by A. M. Best Company, the foUowing
information was derived for the period 1983 through 1985:

1983 1984 1985

(A) Bond Interest Exonpt from U.S. l&x.

(B) Prefored Stock EHvidends
Unaffiliated
Affiliated

(Q Common Stock EHvidends
UnaffOiated
Affiliated

(D) Net Realized Caintal Gains

(E) Total Invesbimit Income
(Not i ^ of expenses)

(F) I te Exempt Income
(A)+.85t(B)-KC)l + .6(D)

(G) Ikxabk Investment Income
(E)-(F)

(H) Ibx Adjustnunt Parameter
(G)/(E)

6,449

997
13

1,330
1,361

2,112

19,940

10,863

9,077

.455

6,436

996
11

1,403
736

3,063

21,967

10,949

11,018

.502

6,347

875
13

1,322
1,057

5,483

26,255

12,415

13,840

.527
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Actual versus Precticted Undonmting Profit Margins, 1926 through 198S
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1UHe2

Summary Statistics of Underwriting Profit Margin Models, 1926-1985

Model

ACT
TARG
TRRl
TRR2
TRR3
TRR4

TRR5
TRR6
CAPl
CAP2
DCF

OIR
OIN
OIC
O2R
O2N

O2C

Mean

1.32
4.73

-0.48
-2.58
-2.41

2.51
0.40
0.57

-2.81
-1.11
-1.27
4.27

-3.64
1.32
6.27

-2.00
1.32

Standard
Deviation

5.74
0.06
2.36
8.92
4.92
2.72
8.89
5.43
4.45
4.45
1.60

5.30
3.77
4.56
5.51
3.42
4.01

Skewness

-1.34
-0.80
-0.86
0.66

-1.64

-0.86
0.72

-1.43
-2.03
-2.03
-0.85
-0.59
-2.15
-1.12
-0.41
-2.23
-1.44

Minimum

-19.00
4.60

-7.02
-17.67
-16.97

-4.84
-13.36
-14.51
-19.17
-17.47

-5.18
-9.65

-17.42
-12.55
-7.68

-14.84

-11.%

Maximum

12.40
4.82
3.28

24.58
3.11
6.88

28.44
6.80
0.01
1.71
0.71

12.11
-1.06
7.15

14.96
0.45
5.95

Note: The model abbreviations are defined in the foUowing manner: ACT = actual return
series; TARG = target underwriting profit margin; TRR1-TRR6 = various paramAerizations of
the total rate of return model; CAP1-CAP2 = various parameterizations of the capital asset
pridng model; DCF = discounted cash flow model; OIR, OIN, OIC, O2R, O2N, O2C =
various parameterizations of the option pridng model.
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Figare5

Actual and TRR3/TRR6 Underwriting Profit
Margin Series, 1926-1985
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Actual and OPM (02) Underwriting
Profit Series, 1926-1985
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Figorell

TheU's U Statistics, 1926-1985
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