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Abstract

A number of property/casualty insurance pricing mod-
els that attempt to integrate underwriting and investment
performance considerations have been proposed, devel-
oped, and/or applied. Generally, empirical tests of these
models have involved examining how well the models fit
historical data at an industry level. This paper demon-
strates how to apply a variety of property/casualty in-
surance financial pricing techniques to a single hypo-
thetical, but representative, company. Both company and
economic parameters are varied in order to examine the
sensitivity of indicated underwriting profit margins from
these techniques to different company situations and eco-
nomic environments, and to highlight the differences be-
tween the techniques at a practical level. This paper
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2 FINANCIAL PRICING MODELS

also serves as a practical guide for applying these mod-
els in order to encourage more widespread use of these
approaches.

1. INTRODUCTION

The determination of a “fair,” or competitive, rate of return
for property/casualty insurance underwriting operations has been
the subject of increasing scrutiny over the last several decades
among both academics and insurance practitioners. The five per-
cent target underwriting profit margin promulgated by the Na-
tional Convention of Insurance Commissioners in 1921 repre-
sented the first of many techniques that have been considered,
and in some cases employed, to determine a fair rate of return.
Although that first approach had little, if any, statistical or finan-
cial foundation, subsequent methods have attempted to deter-
mine insurance prices more rigorously, and with due considera-
tion given to relevant insurance, economic, and financial market
characteristics. An appropriate determination of fair insurance
prices is important because capital will be attracted to—and re-
tained by—the insurance industry only if its rates of return are
comparable to those in other industries that are perceived to have
similar levels of risk.

A variety of financial pricing models has now been proposed
for property/casualty insurance, including the Target Total Rate
of Return approach, the Capital Asset Pricing Model, several
Discounted Cash Flow approaches, the Option Pricing Model,
and the Arbitrage Pricing Model. In general, these models have
been applied individually and without clearly showing how the
necessary parameters can be determined from insurance finan-
cial statements. Several important studies do provide a degree
of comparison among the different models. Myers and Cohn
[25] compare the discounted cash flow model and the insurance
CAPM, including sensitivity analysis of the various parameters.
Cummins [9] provides a comparison of the discounted cash flow
model and internal rate of return approach and illustrates the re-
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sults of each method on one set of data. Doherty and Garven [15]
contrast the insurance CAPM and the option pricing models over
a range of values for each parameter. However, there has been no
systematic comparison of all the financial pricing models or any
documentation explaining how the relevant parameters should be
determined for a particular insurer. This paper addresses those
needs, first generating a financial statement for a hypothetical,
but representative, insurer, and then applying each pricing model
to this insurer to determine the appropriate premium level and un-
derwriting profit margin. Finally, the models are examined over
a range of parameter values that occur across insurers and over
time to demonstrate which parameters need to be measured most
accurately, and which models are most impacted by changes in
different variables. This analysis illustrates potential strengths
and weaknesses of each technique. By comparing the indications
of fair underwriting profit margins under each of these pricing
methods, their differences will be highlighted. This will allow
both company management and regulators to better gauge the
potential impact on prices of adopting one or another technique
in various business environments.

The insurance pricing techniques applied to our representative
insurance company include:

! target underwriting profit margin model,
! target total rate of return model,
! insurance capital asset pricing model,
! discounted cash flow (Myers–Cohn) model,
! internal rate of return model,
! option pricing model,
! arbitrage pricing model.
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The company to which these techniques are applied is a fic-
titious entity, but quite representative of companies actively in-
volved in the property/casualty insurance industry. As many of
the techniques examined are best applied in a single line of busi-
ness framework, we have chosen to model a company that writes
only private passenger automobile (PPA) insurance. Representa-
tive financial values and ratios, as well as payout patterns, were
selected based on an examination of both aggregate industry and
individual company values. Values for other economic and in-
surance industry variables are derived from appropriate sources
as described in Section 3 of the paper. The considerations in-
volved in obtaining each of the parameters used in the models
are shown, in order to illustrate how a company could use each
technique.

2. REVIEW OF THE ALTERNATIVE PRICING MODELS

In 1921, the National Convention of Insurance Commission-
ers, by an overwhelming margin, approved the Majority report
of the Committee on Fire Insurance. For two years, the Com-
mittee had been considering the issue of what was a reasonable
underwriting profit margin. The report’s conclusions included
the following items:

! “Underwriting profit (or loss) is arrived at by deducting from
earned premiums, all incurred losses and incurred expenses.”

! “A reasonable underwriting profit is 5 percent, plus 3 percent
for conflagrations : : : ”

(See National Convention of Insurance Commissioners [28] and
National Association of Insurance Commissioners [26] for more
details.) A minority report recommended that investment income
also be considered in determining a reasonable profit provision,
but this recommendation was defeated (see Webb [35]). Thus,
the position of the insurance regulatory community at that time
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was that only underwriting, and not investment, operations were
relevant to the determination of a reasonable property/casualty
profit level. Furthermore, the specific profit level recommended,
five percent, was established apparently without meaningful sta-
tistical support.

Subsequent studies and reports began to question the appro-
priateness of ignoring investment income. This concern intensi-
fied in the 1960s and 1970s, as interest rates, and their volatility,
increased. The National Association of Insurance Commission-
ers (NAIC) in 1970 [27] said that, “In determining profits, it is
submitted that income from all sources should be considered.”
The NAIC, however, while criticizing the 1921 formula, did
not recommend an alternative until its 1984 Investment Income
Task Force Report, which recommended that the total rate of
return on net worth should be used to measure insurance profit-
ability.

In the meantime, actuaries started to develop (and sometimes
use) several alternative pricing techniques that attempt to ad-
dress both underwriting and investment considerations in pricing
property/casualty insurance policies. Initially, something of a di-
chotomy existed among the techniques proposed: some concen-
trated on the underwriting side of the insurance process, with lit-
tle consideration given to meaningful analysis of the investment
process; others focused primarily on the investment side, without
adequate understanding of the unique aspects of the insurance
underwriting process. Recent research has attempted to give ap-
propriate consideration to both aspects of the property/casualty
insurance business.

This paper examines seven different pricing models, and ap-
plies each to a fictitious but representative insurance company.
Each of the seven techniques is described below; additional de-
tails regarding specific calculations for each of the financial mod-
els are included in the Appendix. Variables used in the following
formulas include:
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P = premium

UPM= underwriting profit margin

L= losses and loss adjustment expenses

E = other expenses

S = equity (or adjusted statutory surplus)

IA= invested assets

IR= investment return

re = return on equity

rf = risk-free rate of return

rm =market rate of return

¯e = beta of the insurance company’s stock

¯u = beta of the insurance underwriting process

k = funds-generating coefficient

ti = tax rate on investment income

tu = tax rate on underwriting income:

A. Target Underwriting Profit Margin Model

The Target Underwriting Profit Margin (Target UPM) Model
determines an appropriate premium for a property/casualty insur-
ance policy based upon a pre-selected underwriting profit mar-
gin. Thus, no consideration is given to the investment earnings
produced by the insurance policy due to either the allocation of
surplus in support of the policy or the delay between receipt of
the premium and payment of the losses and expenses. The pre-
mium is determined strictly as a function of the expected losses,
expenses, and the target underwriting profit margin as a per-
centage of premium. Historically, the target UPMs used have
typically been 2.5 percent for workers compensation, and 5 per-
cent for all other lines in most jurisdictions. However, in 1986,
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Florida adopted rule 4ER86-1 that established a formal proce-
dure for including investment income in the ratemaking process
by adjusting the target UPM downward to reflect the additional
investment income attained in long-tailed lines over short-tailed
lines.

For our representative PPA insurance company, the pricing
and profit equations are:

UPM= 0:05 (2.1)

P =
L+E
1"UPM or UPM= 1" L

P
" E
P
: (2.2)

While this approach has been used in the property/casualty in-
surance industry for decades, and is relatively simple to apply, it
is clearly the least “financially sophisticated” of the pricing mod-
els examined in this study, and in fact—efforts such as Florida’s
notwithstanding—the Target UPM model is not supported by
financial considerations.

B. Target Total Rate of Return Model

A straightforward way of incorporating investment income
into the ratemaking calculation is simply to target, rather than
merely the underwriting margin, the combined underwriting and
investment returns of an insurance policy. The total rate of return
of a policy is viewed as having two components: investment and
underwriting. If two of these three items are known, the third can
be derived. Thus, in the Target Total Rate of Return (Target TRR)
Model, the underwriting profit margin is determined based on a
selected total rate of return and an estimate of the investment
income on a policy. This is analogous to the process that has
been historically used for the utility industry.

The target total rate of return can be calculated as

TRR=
(IA# IR)+ (P#UPM)

S
: (2.3)
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The TRR reflects both investment income (the first term in Equa-
tion 2.3) and underwriting income (the second term) as a propor-
tion of equity. Solving Equation 2.3 for the underwriting profit
margin yields

UPM=
(S#TRR)" (IA# IR)

P
: (2.4)

Now we need to specify an appropriate target total rate of
return. As with utility regulation, this is the crux of the model.
Although any number of methods might be viable, the Capital
Asset Pricing Model (CAPM) has typically been used to select
the TRR. This approach will be used in this paper. The CAPM
formula is:

E[re] = rf +¯e(E[rm]" rf), (2.5)

where ¯e is defined as

¯e =
Cov(re,rm)
Var(rm)

:

The TRR is then set equal to the expected return on equity, or
the cost of equity capital, E[re]. Thus, substituting Equation 2.5
into Equation 2.4 yields:

UPM=
(S# [rf +¯e(E[rm]" rf)]" (IA# IR)

P
or

UPM=
S

P

!
[rf +¯e(E[rm]" rf)]"

IA# IR
S

" (2.6)

C. Insurance Capital Asset Pricing Model

The CAPM was first introduced into the finance literature in
the mid-1960s by Sharpe [32], Lintner [22], and Mossin [24].
The CAPM, as described in Equation 2.5, expresses expected
return on equity as consisting of two components: a risk-free
component and a risk premium, which is essentially a reward
for taking on risk. The degree of compensation for risk-taking
is measured by the equity beta, which quantifies systematic, as
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opposed to nonsystematic (or diversifiable), risk. Diversifiable
risk is not compensated by the market, since it can be eliminated
through an appropriate investment diversification strategy.

The CAPM has been applied to insurance by several authors.
Among the first were Biger and Kahane [5]. Fairley [16] devel-
oped the following underwriting profit margin formula based on
the CAPM:

UPM="krf +¯u(E[rm]" rf): (2.7)

Here, the appropriate underwriting profit margin is calculated as
the risk premium associated with the systematic risk of the insur-
ance underwriting process, offset by investment income, which
is credited at the risk-free rate of return. The funds-generating
coefficient reflects the fact that the insurance process produces
investable assets generated by premium income prior to payout
of expenses and claims. This coefficient is often estimated by
a reserves-to-premium ratio. For a steady state insurer, this ap-
proach would be correct; if the company has changed premium
or exposure volume, however, this calculation would need to be
refined.

In addition to Fairley, Hill [18] and Hill and Modigliani [19]
have also developed CAPM applications to property/casualty
insurance. In particular, Hill and Modigliani have developed a
model that considers the impact of taxes and in fact allows for
differential tax rates. Letting ti and tu be tax rates as defined
above, the Hill and Modigliani model can be expressed as:

UPM="krf
1" ti
1" tu

+¯u(E[rm]" rf) +
S

P
rf

ti
1" tu

: (2.8)

It is Equation 2.8 that is modeled in this study.

D. Discounted Cash Flow Model (Myers–Cohn)

The Discounted Cash Flow (DCF) Model was developed for
use in Massachusetts as a counterpart to the CAPM model that
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had been used there beginning in the 1970s. The model is de-
scribed by Myers and Cohn [25] and takes the following general
form:

P = PV(L+E)+PV(UWPT) +PV(IBT), (2.9)

where

PV = present value operator,

UWPT= tax generated on underwriting income, and

IBT= tax generated on income from the investment balance.

One of the keys to using the DCF model is to properly determine
a method of discounting each component of the above equation.
Those cash flows that are certain should be discounted at the
risk-free rate, while risky cash flows must be discounted at an
appropriate risk-adjusted rate.

D’Arcy and Garven [14] test the following DCF model, where
all cash flows are discounted based on the risk-free rate (which
is equivalent to assuming that ¯u = 0 in the CAPM):

1 = PV
!
E

P

"
+PV

!
L

P

"
+PV

!
t

#
1" E

P
" L
P

$"

+PV
!
t

#
1+

S

P

$
L

P
LPP

"
, (2.10)

where LPP= the loss payout pattern. This equation is solved for
L=P, the loss ratio. Then, the indicated UPM is calculated as
1" (L=P)" (E=P).
In this study, we use this general approach, but refine it to

reflect the discounting of risky cash flows at a risk-adjusted rate.
Specifically, in order to determine an indicated DCF premium
level, we have used Equation 6.2 of D’Arcy and Dyer [13], with
the enhancement that different tax rates are allowed on under-
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writing versus investment operations. The UPM is then deter-
mined as (P"E"L)=P.

E. Internal Rate of Return Model

Whereas the Myers–Cohn discounted cash flow model de-
scribed above considers flows between the insurer and the poli-
cyholder, the internal rate of return (IRR) model, for example
as used by the National Council on Compensation Insurance
(NCCI), looks at flows between the investor and the company.
In particular, the flows under the IRR model include the com-
mitment of surplus, the release of surplus, the investment in-
come, and the underwriting profit (both of the last two being net
of applicable taxes). The discount rate of these flows is solved
for, so that the present value of the flows is zero; then, this dis-
count rate is compared to the cost of capital. A financially fair
premium is determined by setting the IRR equal to the cost of
capital.

In this study, we have used the same approach as Cummins
[9]. The cost of capital is determined by the CAPM. Exhibit 6,
Part 2 displays the calculation of the IRR model fair premium
for the base case.

F. Option Pricing Model

Recently, the option pricing model (OPM) has received in-
creasing attention among both insurance academics and practi-
tioners. The OPM is seen as having a great deal of promise as
a property/casualty insurance pricing framework since an insur-
ance policy can, essentially, be viewed as a package of contingent
claims. The primary application of the OPM to property/casualty
insurance to date is Doherty and Garven [15], who show that the
present values of the claims held by the three claimholders to
an insurance contract—shareholders, policyholders, and the tax
authorities (government)—can be modeled as European call op-
tions. In order to actually value these claims, and then determine
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a competitive UPM and premium, Doherty and Garven assume
two alternative valuation frameworks:

! asset returns are normally distributed, and investors exhibit
constant absolute risk aversion (CARA) with regard to their
preferences;

! asset returns are lognormally distributed, and investors exhibit
constant relative risk aversion (CRRA) with respect to their
preferences.

Although closed-form solutions are not derived, the premiums
and UPMs can be found for both frameworks via a straight-
forward iteration process. The appropriate formulas in Doherty
and Garven relating to these two valuation assumptions are their
Equations 19 and 30, respectively. We apply the first of these
two models in this study. (See the Appendix for further details.)
A spreadsheet was created wherein the difference between the
market value of the residual claim of the shareholders (V) and
the initial paid-in equity (S) is “backsolved” to zero by varying
the premium; the solving value represents the fair premium in-
dication. This premium is net of expenses, which are then added
in. The UPM is calculated as (P$ "L"E)=P$, where P$ includes
expenses.

G. Arbitrage Pricing Model

The Arbitrage Pricing Theory (APT), developed initially by
Ross [31] and extended by Roll and Ross [30] and others, is, like
the CAPM, an equilibrium model of security returns. However,
the APT makes fewer assumptions than does the CAPM, and it
also admits the possibility of more than one “factor” to which
security returns are sensitive. The theory behind the APT speci-
fies neither the number of such factors, nor their identity. Unlike
the CAPM, the APT does not posit a special, or even necessarily
any, role for a market return in determining individual security
returns.
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According to the Arbitrage Pricing Theory, security returns
follow the process

ri =E[ri]+
J%
j=1

¯ijfj + ²i, (2.11)

where

ri = return on the ith security,

¯ij = the sensitivity of the return on the ith security to the
jth factor, and

fj = a factor that influences security returns.

Then, the absence of arbitrage requires that the excess return on
each security be a linear combination of the betas:

E[ri]" rf =
J%
j=1

¯ij¸j, (2.12)

where

¸j = the risk premium corresponding to the factor fj:

The APT has been applied to insurance by Kraus and Ross
[21] and Urrutia [34]. Urrutia derives UPM formulae for an Ar-
bitrage Pricing Model (APM), based on the above theoretical
relationships. His differential-tax UPM equation takes the form

UPM=" 1" ti
1" tu

rfk+
J%
j=1

¯UPM,j¸j + rf

!
S

P

"
ti

1" tu
,

(2.13)
where

¯UPM,j =
Cov(UPM,fj)

Var(fj)
:

Generally, there are two approaches to testing the APT model.
The first involves factor analysis, a statistical methodology that
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determines factors and betas that best “explain” the data (i.e.,
that minimize the covariance of residual returns). The second in-
volves the pre-specification of variables that are hypothesized to
influence returns, as in Chen, Roll, and Ross [7]. This second
approach allows for economic intuition in the interpretation of
results; it is this approach which we use in this paper. In particu-
lar, a number of macroeconomic variables were tested, with the
inflation rate and the growth in industrial production being the
two variables that appear most significant in explaining historical
underwriting profit margins. Multivariate regression analysis is
used to determine sensitivities of UPMs to these two variables.
Selected parameter values are incorporated into Equation 2.13 to
determine fair UPMs.

3. DATA AND METHODOLOGY

In addition to the selection of the pricing techniques and
the identification of the appropriate formulas for each, as docu-
mented above, the following steps were involved in this study:

! development of the representative statutory company model,
! collection and development of information regarding company
and economic variables,

! application of each of the pricing techniques to the represen-
tative company, and

! sensitivity tests of the models by varying certain company and
economic parameters.

Each of these steps is discussed below.

A. Development of the Representative Statutory Company Model

It was decided, for the sake of simplicity and clarity of pre-
sentation, to concentrate on a fictitious but representative prop-
erty/casualty insurance company that writes only one line of
business in one state. Private passenger automobile insurance was
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selected due to its size and significance in the industry. Other
lines can easily be modeled by the same techniques presented
here, with appropriate changes in parameters.

The 1994 editions of several A. M. Best publications pro-
vided the basis for the development of the representative com-
pany model. The most recent statement year reflected in these
editions is 1993. To begin, some basic financial values for the
largest PPA companies in the industry were accumulated. Ex-
hibit 9 summarizes the asset, liability, surplus, and net written
premium values for the main PPA companies within each of
the 20 largest PPA groups. The calculated ratios vary consider-
ably, sometimes due to different operating philosophies, some-
times because a company writes a large amount of other business
in addition to PPA. These ratios served as the basis for certain
company parameter ranges, discussed later, to test model sen-
sitivity.

Pages 2, 3, and 4 of the Property/Casualty Annual Statement
are simulated for the representative insurance company in Exhibit
10. These simulated pages were developed from the consolidated
data from A. M. Best. First, 0.1% of consolidated industry (all
lines) earned premium was taken as the starting point for the
fictitious company (Exhibit 10, Part 3). Then, company asset,
liability, and surplus values were derived. Total assets for the
company were calculated by applying an industry asset/earned
premium ratio to the selected company earned premium. Con-
solidated industry total values for specific asset, liability, and
income categories were compared to aggregate figures for com-
panies in which private passenger automobile and homeowners
predominate. Comparisons were generally made on the basis of
percentages relative to the appropriate major item—e.g., each
asset item as a percentage of total assets. These percentages are
shown on the first three sheets of Exhibit 10. Generally, the per-
centages applying to PPA-and-homeowners-predominating com-
panies were used as the basis for our selected company values.
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The selected percentages—as well as the resulting asset, liability,
and income items—for the representative company are shown on
Exhibit 10, Parts 1 through 3.

PPA loss development patterns for the representative com-
pany were determined by analyzing the consolidated Schedule P
data from A. M. Best, using standard actuarial techniques. PPA
liability/medical and physical damage patterns were analyzed
separately. The derivation of these patterns is included in Exhib-
it 11.

B. Collection and Development of Company and Economic
Information

Exhibit 1 documents the information required by each of the
pricing techniques in order to apply it to property/casualty in-
surance ratemaking. The initial or “base case” value assumed in
this study for each variable, as well as a range of reasonable
values, is included in the table. The variables are classified into
three categories: Company Variables, Economic Variables, and
Government Policy Variables, depending upon whether a par-
ticular variable is most influenced by company operating deci-
sions, general economic conditions, or governmental policy deci-
sions.

The Company Variables include equity, investment rate of re-
turn, standard deviation of investment returns, equity beta, and
the funds-generating coefficient. The rationale for placing these
variables in this category is that the company, through operat-
ing and investment decisions, determines the premium-to-surplus
level, the investment policy (which affects both the investment
rate of return and the standard deviation), internal factors which
influence the beta of the firm’s equity, and—to some extent—the
claims payment patterns and philosophy.

The Economic Variables include the risk-free rate, market risk
premium, risk adjusted discount rate, underwriting beta (and,
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analogously, the investment-claims correlation), the standard de-
viation of market returns, the standard deviation of losses, and
annual growth rates and betas for inflation and industrial produc-
tion. These parameters vary primarily due to effects exogenous
to the company.

The final category of factors are considered Government Pol-
icy Variables, which include the tax rate, the ratio of the invest-
ment tax rate to the total tax rate, and the annual tax discount
factor. Obviously, the government has sole control over the basic
tax rate. The ratio of investment/total tax rate can be affected by
the company, by changing the investment allocation, or by the
government, by changing the rules about taxability of various in-
vestments. In light of the significant effect of such tax regulations
as the Tax Reform Act of 1986, the government is assumed to
have the greater influence over this variable. Similarly, although
the tax discount factor is currently the 60-month moving av-
erage of mid-maturity Treasury issues, which would tend to
make this an Economic Variable, the definition and calculation
of this parameter could be changed by the government at any
time.

The most critical step in applying any of the financial mod-
els is determining the values for the variables. No matter how
accurate a particular model is felt to be, unless the correct pa-
rameters are included, the results will not be useful. Many of the
prior applications of financial pricing models have either simply
assumed particular values for certain variables or determined the
values based on a one-time study of industry results. These ap-
proaches do not provide much guidance for someone who wants
to apply these techniques to an individual company situation on
an ongoing basis. In order to facilitate future applications of these
models, the determination of parameter values is shown by bas-
ing the calculation, where possible, on the fictitious insurer’s an-
nual statement or supplementary financial reports, or on general
economic information.
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C. Company Variables

! Equity: Each of the financial pricing models requires either
the premium-to-surplus ratio or a value for surplus itself. Al-
though this may appear straightforward, it is not. The reason
for the difficulty is the different definitions and uses of the
surplus value. For example:

— In the Target Total Rate of Return model, surplus relates
to the amount of assets that an investor chooses to invest
in any insurance operation, as opposed to deploying those
assets in another investment.

— In the Discounted Cash Flow model, surplus relates to the
amount of invested funds that generate taxes that need to
be covered by the premium.

— In the Insurance CAPM, Internal Rate of Return, Option
Pricing, and Arbitrage Pricing models, the surplus is both
the amount of capital invested in the firm in support of
writing a particular amount of business and the invested
assets earning taxable investment income.

Although each model terms this value “surplus,” each model
technically requires a slightly different definition of surplus.
For consistency, the same value is used as the starting point
for each method. As this parameter is extremely important,
care should be taken in selecting the appropriate figure. In
this study, the value for surplus is an adjusted statutory surplus
value, or equity, that is determined as follows:

Equity = (Statutory Surplus)

+ (Equity in the Unearned Premium Reserve)

+ (Difference Between Nominal and Risk-Free-
Discounted Loss Reserves)

+ (Excess of Statutory Over Statement Reserves)
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+ (Difference Between Market Value and
Book Value for Bonds)

+ (Non-Admitted Assets)

" (Tax Liability on Equity in Unrealized
Capital Gains):

For the fictitious company, equity equals $189,360 (dollar val-
ues in thousands). Premium-to-statutory surplus ratios for the
top twenty private passenger auto insurers (Exhibit 9) range
from 0.67 for ITT Hartford to 2.89 for American Premier Un-
derwriters. This range, combined with the adjustments to statu-
tory surplus, which were held constant, determined the range
for equity values to be $122,132 to $399,692, as documented
in Exhibit 10, Part 4.

Another way to determine the economic value of the in-
surer, which could be used for publicly traded firms, is to use
market value, calculated by multiplying the number of shares
outstanding times the current stock price. Our fictitious com-
pany is assumed to have a market value of $220,399, reflecting
the average market-to-book ratio for stock property/casualty
insurance companies at the end of 1993 of 1.46 multiplied
by the statutory surplus. The market value could differ from
the equity value for any number of reasons, including addi-
tional accounting conventions that cause a divergence between
reported and economic value or other assets that are not re-
flected in an insurer’s balance sheet (reputation, market niche,
a book of business that will generate profits on renewal). For
the models that consider surplus to be the investor’s value in
an insurer (all the models illustrated in this paper except the
discounted cash flow), the market value represents the amount
that the investor could obtain for giving up its investment in
insurance. The market-to-book value ratio ranged from a low
of 0.92 (market value of $138,881) to a high of 2.43 (market
value of $366,828) for personal lines insurers. As these values
all fall within the range obtained by varying only the premium-
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to-statutory surplus ratio, no further adjustments were made.
However, the size of this range illustrates the importance of
the selection of the appropriate equity value.

! Investment rate of return: The investment rate of return was
calculated by summing net investment income, realized cap-
ital gains and unrealized capital gains and dividing the total
by the average investable assets during the year. All invest-
ment income, realized or unrealized, was used to reflect the
full effect of investment earnings. A base case value of eight
percent was selected based on this calculation, with a range
of plus or minus two percent. In practice, the average returns
over a number of years should be taken to avoid distortions
that could be caused by short-term fluctuations in investment
results.

! Standard deviation of investment returns: The base case of 20
percent is the same value as used by Doherty and Garven
[15]. This value could be calculated for a particular insurer
by obtaining the standard deviation of the company’s total in-
vestment rate of return (including both realized and unrealized
capital gains). Our selected range is plus or minus ten percent
around the base case.

! Equity beta: The base case is 1.0, which is the overall market
beta. With regard specifically to insurance stocks, Hill [18]
found equity betas averaging 0.61, and Hill and Modigliani
[19] and Fairley [16] found betas of approximately 1.00. Fama
and French [17] formed portfolios based on beta, and the port-
folio betas ranged from .81 to 1.73. Thus, the selected range
for insurance betas was .60 to 1.70, ranging from the value
determined by Hill to approximately the 95th percentile based
on Fama and French. Note that, rather than separately testing
the sensitivity of UPMs to a selected range of internal rate of
return values, we have assumed that the IRR values are de-
termined via a CAPM approach and so have embedded UPM
sensitivity to internal rates of return in our equity beta range.
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! Funds-generating coefficient: k is the average length of time
that the insurer holds (and invests) premiums before they are
used to pay expenses and losses. The coefficient is calculated
by multiplying the loss payments in the first year by 0.5, the
loss payments in the second year by 1.5, and so forth. These
values are then summed and divided by premiums. (Expenses
are assumed to be paid when the premium is received, so they
do not increase the total time-weighted sum of outgo.) For the
base case, the ratio is 1.18. The sensitivity of UPM indications
to the coefficient is examined by assuming that the company
pays its losses and expenses, on average, one quarter of a year
either faster, k = :93, or slower, k = 1:43, than the base case.

The calculation of the coefficient for the Option Pricing
Model is similar, but as this method calculates premiums net of
expenses, the appropriate adjustment is to divide the weighted
sum of loss payments by total losses, rather than premiums.
This produces a k value of 1.5 for the base case, with a range
of 1.18 to 1.81 to correspond with the insurance CAPM adjust-
ment. The Discounted Cash Flow and Internal Rate of Return
models both also depend on the loss payment pattern, but as
the actual payments are used instead of a weighted average,
the adjustment must be made to each payment. The calcula-
tion of the funds-generating coefficient for each model and
the adjusted loss payout patterns are displayed in Exhibit 10,
Part 4.

D. Economic Variables

! Risk-free rate: As is frequently done, we used the interest
rate on U. S. Treasury bills as a proxy for the risk-free rate.
As of February, 1996, both three- and six-month Treasury bills
had a yield to maturity of approximately five percent. As the
appropriate rate for this variable is the current, and not a past,
rate, the base case value was set at five percent. This rate has
ranged from 2.9 percent to 14.7 percent over the period 1974
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to 1993 based on Ibbotson [20] data. The range was set at the
twenty-year high and low values.

! Market risk premium: This is generally determined as the av-
erage excess return in the stock market over an investment in
short-term Treasury bills. The time period 1926 through the
most recent year is frequently used based on the Ibbotson As-
sociates data series. For 1926 through 1994, the market risk
premium is eight percent. Depending on the number of years
included in the measurement and the selected years, the mar-
ket risk premium fluctuates. The selected range is six to ten
percent.

! Risk-adjusted discount rate: The RADR is used in the dis-
counted cash flow model to discount risky cash flows, primar-
ily losses. The consensus of research on the issue of discount-
ing loss reserves indicates that the appropriate risk-adjusted
discount rate is less than the risk-free rate. (See, for example,
Butsic [6], Cummins [9], and D’Arcy [12].) This is because
the RADR reflects a risky liability to the insurer, and the in-
surer may be viewed as a risk-averse entity. Conversely, the
insurance policy can be viewed as a risky asset for the poli-
cyholder, an asset that has a negative beta since it increases in
value when the value of the other assets of the policyholder
decline due to a loss. Thus, the policyholder would expect to
earn a rate of return below the risk-free rate based on either the
Capital Asset Pricing Model or the Arbitrage Pricing Model.
How much less, however, is an unsettled issue. If the CAPM
is used to determine the risk-adjusted discount rate, then the
differential will be a constant value, regardless of the level
of interest rates. For extremely low interest rates, the RADR
could even turn out to be negative. Conversely, if the RADR is
proportional to the level of interest rates, then the differential
will increase as interest rates increase and, regardless of how
low interest rates were to fall, would be non-negative as long
as interest rates were non-negative. This is an area requiring
further research. For this paper, the RADR is assumed to be
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proportional to the level of interest rates. The risk-adjusted rate
is held at 60 percent of the risk-free rate, with the RADR-to-
risk-free ratio ranging from zero percent to 100 percent. (The
zero percent is consistent with undiscounted loss reserves.)
Given the base case risk-free rate assumption of five percent,
the base case risk-adjusted discount rate is selected as three
percent.

! Underwriting beta: There is no generally-accepted theoreti-
cal reason why underwriting results should be correlated with
market returns, so measuring the value of the underwriting beta
and the investment-claims correlation must be based on em-
pirical results. Cummins and Harrington [10] test underwrit-
ing betas over the period 1970 to 1981 and find that values ap-
pear to range from ":20 to +:20, although the average is not
significantly different from zero. D’Arcy and Garven [14]
calculate a long-term correlation (1926 through 1985) of
0.0763. The base case is set at zero, with a range of "0:40 to
+0:40.

! Standard deviation of stock market returns: This variable has
historically been 22 percent (Doherty and Garven [15]), which
is used here as the base case. The range of 12 to 40 percent
was selected judgmentally.

! Standard deviation of losses: This should be measured by
comparing actual losses with expected losses over a number
of years. There is no information about initial expected losses
in any financial statement of an insurer, although Schedule
P shows loss development after the first accident year has oc-
curred. Doherty and Garven [15] assume a value of 25 percent
of losses for this parameter (i.e., a coefficient of variation, or
Cov, of 25 percent), and that value is used here as the base
case. The range of 12.5 percent of losses to 50 percent was
determined judgmentally; these values correspond to assuming
a Cov of one-half to twice the base case Cov.
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! CPI change: Historical values were taken from Ibbotson As-
sociates [20]. Based on recent inflation rates, an annual growth
rate of three percent was chosen as the base case value, with
a range from zero to six percent.

! Industrial production growth rate: Historical values were
taken from Federal Reserve data—log-differences of index
values were used. Based on recent growth rates, a base case
value of two percent was chosen, with a range of zero to four
percent.

! CPI and industrial production betas: The beta values were
determined by running multivariate regressions of annual in-
flation and industrial production growth rates against the fol-
lowing dependent variable: historical auto UPMs (taken from
A. M. Best Aggregates and Averages), plus the historical risk-
free rate multiplied by the estimated historical funds generat-
ing coefficient. (See Urrutia [34], Equation 13.) Examination
of the coefficients of the regressions, as well as covariance
and variance calculations, over different periods of time led
to the selection of base case values and ranges. (See Exhibit
8, Part 2.) While there is some evidence from the regressions
for a base case inflation beta closer to 0.70 than to 0.50 based
on much of the historical data period from 1948 to 1993, the
last ten years of this period indicate an inflation beta much
closer to zero. We have chosen a wide and symmetric range
around our selected base case of 0.50 to indicate that these esti-
mates require refinement; this could be the subject of future re-
search.

E. Government Policy Variables

! Tax rate: The current corporate tax rates range from 15 to
39 percent, based on taxable income level. The base rates are
15, 25, 34 and 35 percent, with surcharges of three and five
percent applying to segments of taxable income in order to
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equalize average and marginal tax rates. The appropriate tax
rate is the projected marginal tax rate for the tax year in which
the coverage will apply. This necessarily involves a projec-
tion. For the fictitious insurer, taxable income is projected to
be between $335,000 and $10,000,000 for which a 34 percent
marginal tax rate applies. The range is selected to be 28 to 40
percent, reflecting uncertainty over future, potentially retroac-
tive, government tax policy.

! Investment/total tax ratio: Investment income is taxed at dif-
ferent rates depending on the source. Interest on federal and
corporate bonds is fully taxable. Interest on municipal bonds
purchased after August 7, 1986, is taxed at the 15 percent
level. Seventy percent of dividends from non-controlled cor-
porations are taxed at the 15 percent level, with the remainder
fully taxed. Long-term capital gains are subject to a maximum
tax rate of 28 percent. Based on the distribution of investment
income earned by the fictitious insurer for the most recent
year, the tax rate on investment income is 80 percent of the
maximum level. This calculation is illustrated in Exhibit 10,
Part 4. This value is allowed to range from 60 to 100 per-
cent.

! Tax discount factor: The tax discount factor based on the 60-
month moving average of mid-maturity Treasury issues ending
February 1996 is 6.55 percent (Massachusetts Workers’ Com-
pensation Rate Filing [23]). The value for the period ending
October 1994 was 7.03 percent. Thus, the base case value is
seven percent. The range of four to ten percent was selected
judgmentally.

F. Application of Techniques to the Representative Company

Exhibits 3 through 8 document the application of each of the
six financial pricing techniques to the representative company
described above and in Exhibit 10. Each exhibit shows, for the
respective pricing model, the relevant parameter values and the
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indicated base case UPM. In addition, the sensitivity of the UPM
indications to different premium/equity ratios is shown both nu-
merically and graphically. For three of the models, an additional
parameter is also varied in the graphs. For each model, UPM is
an inverse function of premium/equity ratio.

G. Sensitivity Tests

For each pricing model, the sensitivity of UPM indications
to each relevant parameter is determined by allowing the pa-
rameter to vary from the base case to the low and high ends
of the reasonable range, keeping all other parameters constant
at their base case values. The results of these sensitivity tests
are summarized in Exhibit 1. In addition, Exhibit 2 summarizes
the sensitivity of UPM indications to simultaneous changes in
groups of variables. Relevant variables in each of the three cat-
egories (company, economic, and government policy) are varied
while keeping the other groups constant; in addition, all relevant
variables across all groups are varied simultaneously.

4. EMPIRICAL RESULTS AND ANALYSIS

A. Evaluation of Base Case Results

The six base case underwriting profit margin indications dis-
played on Exhibit 1 range from "4:9 percent to 1.7 percent. The
Insurance CAPM, which produces the lowest value, is known to
under-price, as it ignores insurance-specific risk (Ang and Lai
[4] and Turner [33]). (This deficiency also applies to the Arbi-
trage Pricing model, at least in the form presented in this paper.)
The next lowest value, the Target Total Rate of Return, does not
consider the effect of taxes. The Discounted Cash Flow, Internal
Rate of Return and Option Pricing models all cluster between
0.1 percent and 1.7 percent. A good case can be made for select-
ing the average of these three models, 0.7 percent, as the under-
writing profit margin target for this insurer under base case econ-
omic and company conditions. Coincidentally, this is the same
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value that the Target Total Rate of Return model indicates for an
equity beta of 1.7, which would produce a target rate of return,
before taxes, of 18.6 percent. Note that this underwriting profit
margin, and in fact the entire range of base case values, is sig-
nificantly below the Target UPM model provision of five per-
cent.

B. Sensitivity Analysis

B.1. Single Factor Variation

By examining the effect of changing each parameter over the
range of reasonable values, the sensitivity of the pricing models
to different conditions, as well as the importance of accurately
measuring each variable, can be discerned. Examination of Ex-
hibit 1 suggests that the variables most affecting the results are
the equity, or premium-to-surplus ratio (for all except the Insur-
ance CAPM and Arbitrage Pricing models), and the risk-free rate
(for all except the Discounted Cash Flow model). For example,
over the range of equity values examined, the underwriting profit
margin changes by 14.6 percentage points for the Target Total
Rate of Return model, 4.9 percentage points for the Discounted
Cash Flow model, 12.7 percentage points for the Internal Rate of
Return model, and 4.8 percentage points for the Option Pricing
model. In each case, the higher the initial equity, the higher the
indicated underwriting profit margin; the greater the amount that
the insurance company has invested for a given volume of pre-
mium, the higher the price needs to be to provide an adequate
return on capital. This volatility is a problem for the financial
pricing models since it is difficult to measure true equity for a
single-line, single-state insurer. The problem is vastly more com-
plicated for a multiline, multistate insurer. The effect of varying
the equity is illustrated in Exhibit 1, Part 2, which compares UPM
indications across all models under a range of premium/equity
ratio assumptions. In the graph, the low premium/equity ratio
corresponds with a high equity value.
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For an insurer that had the highest amount of equity, the indi-
cated underwriting profit margins are 7.5 percent for the Target
Total Rate of Return, "3:2 percent for the Insurance CAPM, 3.8
percent for the Discounted Cash Flow, 11.0 percent for the In-
ternal Rate of Return, 3.2 percent for the Option Pricing model,
and "1:2 percent for the Arbitrage Pricing model. Determining
the appropriate underwriting profit margin target in this situation
is difficult. Even ignoring the Insurance CAPM and Arbitrage
Pricing models, the results vary by 7.8 percentage points, with
an average of 6.4 percent. Selecting the appropriate value will
be a difficult judgment call.

Similarly, the results are highly sensitive to the risk-free rate:
across the range of reasonable parameter values, the results vary
by 9.1 percentage points for the Target Total Rate of Return
model, 11.6 percentage points for the Insurance CAPM and Ar-
bitrage Pricing models, 0.8 percentage points for the Discounted
Cash Flow model, 12.6 percentage points for the Internal Rate
of Return model, and 11.0 percentage points for the Option Pric-
ing model. Also, the effect of increasing the risk-free rate affects
the results differently. For the Target Total Rate of Return and
the Internal Rate of Return models, increasing the risk-free rate
raises the indicated underwriting profit margin (given the model
assumptions previously described). However, the indications for
the Insurance CAPM, the Discounted Cash Flow, the Option
Pricing, and the Arbitrage Pricing models all decline as the risk-
free rate increases. Thus, if the risk-free rate were 14.7 percent,
as it was in 1981, then the indicated underwriting profit mar-
gins vary from "14:5 percent for the Insurance CAPM model to
11.4 percent for the Internal Rate of Return model. Fortunately,
the value of the risk-free rate is easy to obtain. Unfortunately,
the models are very sensitive, in opposite directions, to this
value.

On the opposite extreme, the results are not very sensitive, for
example, to the tax discount factor. Since private passenger auto
losses are paid relatively quickly, the effect of the tax discount
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factor is minimal. This would not be the case for a longer-tailed
line. Also, neither the investment rate of return, the market risk
premium nor the standard deviation of market returns affect the
results of the Option Pricing model. This occurs because the
base case underwriting beta is zero. In some respects, the choice
of zero as a underwriting beta is not an ideal choice because
the sensitivity analysis does not illustrate the effect of chang-
ing values that are multiplied by beta. However, all empirical
analyses measuring the underwriting beta indicate that it is not
significantly different from zero; taken in aggregate, zero is the
best a priori estimate of the underwriting beta. (See, for exam-
ple, Cummins and Harrington [10], Fairley [16], and Hill and
Modigliani [19].) The effect of altering more than one variable
at a time is discussed next.

B.2. Multiple Factor Variation

A point of critical importance in evaluating the results summa-
rized on Exhibit 1 is that each of the high/low UPM indications
reflects a change in only one parameter, while all of the others
are kept fixed. In many cases, such a simplistic scenario will
understate the potential sensitivity of a model to changes in a
parameter. Often, this is because the selection of the base case
value of another parameter minimizes the parameter’s impact on
a model’s UPM calculation. For example, changes in the mar-
ket risk premium do not influence the UPM indications for the
Option Pricing Model, according to Exhibit 1—however, this is
because we have selected an investment-claim correlation of zero
for our base case assumption. This assumption, when incorpo-
rated into the option formulae, “zeroes out,” or makes irrelevant,
the market risk parameter.

Because of examples like this, in order to determine the true
magnitude of potential impact of certain parameters on the vari-
ous models, it is necessary and instructive to vary more than one
of the parameters simultaneously. This is in keeping with real-



30 FINANCIAL PRICING MODELS

ity, as it is entirely possible—and even probable—that multiple
parameters will change concurrently.

The impact of selected multi-parameter changes on UPM in-
dications for various models is demonstrated in Exhibit 2. The
results vary markedly. Changing all the Company Variables from
the lowest values to the highest values only changes the indi-
cated underwriting profit margin by 9.1 percentage points for the
Option Pricing model, 4.8 percentage points for the Discounted
Cash Flow model and 5.1 percentage points for the Insurance
CAPM and Arbitrage Pricing models. At the other extreme, the
same changes shift the indicated underwriting profit margin by
34.5 percentage points for the Internal Rate of Return model and
46.8 percentage points for the Target Total Rate of Return model.
Thus, the impact of different financial positions for companies
will differ depending on the model.

The effect of changing the Economic Variables affects all
the models significantly. The effect ranges from 12.1 percent-
age points for the Target Total Rate of Return model to 61.9
percentage points for the Option Pricing model. Changing eco-
nomic conditions will affect all insurance companies and must
be reflected in the parameters selected.

The impact of changing the Government Policy Variables,
which all relate to taxation, is not as significant as the Com-
pany or Economic Variables. The indicated underwriting profit
margins shift by only 2.6 percentage points for the Insurance
CAPM and Arbitrage Pricing models, 5.6 percentage points for
the Internal Rate of Return model, 5.7 percentage points for the
Option Pricing model, and 6.1 percentage points for the Dis-
counted Cash Flow model. They have no effect on the Target
Total Rate of Return model, which ignores taxation.

Predictably, based on the above results, the impact of chang-
ing all variables simultaneously is extremely significant for each
model.
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5. PRACTICAL GUIDE TO USING FINANCIAL PRICING MODELS

When using a variety of financial pricing models to select
an appropriate underwriting profit margin, the different models
can be expected to generate different indications. Selecting the
appropriate profit margin requires actuarial judgment, including
a thorough understanding of the reliability of the inputs used
in the models and the strengths and weaknesses of the different
techniques. For example, if current interest rates are high, but
there is considerable uncertainty about future levels, then the
models that are least sensitive to changes in the risk-free interest
rate (in this example the discounted cash flow model) should be
given greater weight. If the value of the insurer’s equity cannot
be easily valued, such as in the case of a mutual insurer, then
the models that are very sensitive to the initial equity value (in
this case the Target Total Rate of Return and the Internal Rate of
Return) should be given less weight than they would if the initial
equity could be valued more accurately. When writing a line of
business that is considered to have little insurance-specific risk
(for example, fidelity), then models that ignore this factor, the
Insurance CAPM or Arbitrage Pricing Model (as formatted in
this study), would be more appropriate than they would be for
lines with a high degree of insurance-specific risk (for example,
homeowners).

For this study, all of the models are tested based on the same
input data. These values were intentionally selected to be repre-
sentative of the property/casualty insurance industry in general
and of current economic conditions. Thus, the different indica-
tions result from differences in the basic structure of the individ-
ual models, and the effect of these differences for a representative
insurance company can be quantified. Specifically, the Target
Total Rate of Return model, which ignores taxes, produces an
indication three to four percentage points below the level where
other models tend to cluster. The Insurance CAPM, which ig-
nores insurance-specific risk, produces a value approximately
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five percentage points below the cluster level, and the Arbi-
trage Pricing Model, which in the form used here also ignores
insurance-specific risk, produces an indication about three per-
centage points lower than the cluster level. These differences can
provide some guidance about adjustments that can be made to
reflect omitted factors. However, the differences will need to be
recalculated when applied in situations that differ from the ex-
ample provided in this study, if, for example, the type of business
or the financial parameters were to change.

Knowledge about the assumptions inherent in the models is
also important for proper application. For example, the Internal
Rate of Return model assumes that any underwriting losses are
funded at the inception of the policy. Conversely, underwriting
profits would also be reflected at the inception of the policy, re-
ducing the initial surplus allocation for the policy. Although this
assumption would have little effect when the indicated under-
writing profit margins are approximately zero, it could introduce
distortions in the case of sizeable underwriting profits or losses.
Also, the Discounted Cash Flow model relies heavily on the ap-
propriate risk-adjusted discount factor, a value that is difficult
to measure given the lack of a public and liquid market trading
insurance liabilities. Care must be taken, when using this model,
that the risk-adjusted discount rate reasonably accounts for the
risk involved in writing a particular line of business.

Selecting an appropriate underwriting profit margin is as
much of an actuarial art as selecting the appropriate loss reserve
level. The financial pricing models described in this study, al-
though none is perfect, can be used to determine this value if
properly applied and if used in conjunction with other models.
Knowing the likely relationships among the respective indica-
tions and the sensitivity of the indications to specific parameters
can help direct the user to select reasonable underwriting profit
margins.
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6. CONCLUSION

A. Implications for Insurance Companies and Regulators

The diverse results for the indicated underwriting profit mar-
gin, depending on the pricing model selected and the nature of
the company and economic environment, should be convincing
evidence that no one pricing model can be relied upon to provide
the appropriate underwriting profit margin in all situations. In-
stead, insurers should apply a number of different pricing meth-
ods and evaluate the results in combination to select the target
underwriting profit margin. The models discussed in this paper
are possible techniques for companies to use. However, each
model should be understood and its shortcomings noted in order
to apply the techniques most appropriately.

Another conclusion that can be drawn from this research is
that insurance is a very complex financial transaction. For people
working in the insurance industry, this may seem to be an un-
usual statement. An insurance company collects premiums and
pays losses and expenses: what is so complex about that? How-
ever, compared to stocks, bonds and options, for which the finan-
cial pricing models were originally developed, insurance is very
complex. Owners of stock receive a periodic stream of dividends
and the value of the stock when it is sold. Bondholders receive
a fixed stream of income and a predetermined principal amount
at maturity, subject only to default risk or an early call. Option
holders receive at maturity the difference between the price of
the underlying asset and the exercise price, if this is greater than
zero.

Insurance, on the other hand, involves collecting a stream of
premium payments over time in return for the promise to pay
losses, if they occur, for which both the amount and timing are
unknown. The mathematics for dealing with this degree of un-
certainly have not been perfected. This complexity means that
techniques that are readily applicable to other financial trans-
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actions are not necessarily going to provide reasonable results
when applied to insurance. Thus, regulating insurance involves
more than importing a financial technique that has been applied
in another setting.

B. Future Research

Our goal in this paper has been to compare and contrast dif-
ferent asset pricing models in terms of their indicated fair rates of
return for property/casualty insurance policies given various cor-
porate and economic environments. We have focused on those
pricing models that have been suggested and (at least somewhat)
developed in the literature to date. Several of the models would
benefit from more extensive development—perhaps the findings
of this paper will help to suggest where such resources are best
applied.

To date, the Arbitrage Pricing Model has received relatively
little theoretical or empirical attention in terms of insurance ap-
plications. We have used a very basic pre-specified factors model
for purposes of illustrative model comparisons in this paper. Two
macroeconomic variables—inflation and industrial production
growth rates—were found to be relatively significant in explain-
ing adjusted (for investment income) UPMs over the 1948–1993
period (the other variables tested were a bond default premium, a
bond horizon premium, and a New York Stock Exchange value-
weighted stock return series). The positive relationship we found
between inflation and adjusted UPM is interesting in light of the
finding in Kraus and Ross [21] that the competitive premium
should be affected by inflation only in so far as real rates of
interest are impacted. This relationship should be analyzed fur-
ther, perhaps by separately determining the sensitivity of UPMs
to expected and unexpected inflation. Other insurance specific
variables—e.g., catastrophe losses, leverage—should also be ex-
amined for significance. In addition, historical tax rates may
well have an impact on historical UPM regressions with the pre-
specified variables, and should be incorporated into the process
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of determining beta coefficients. Also, instead of assuming the
relevancy of specific macroeconomic and insurance variables, a
factor analysis approach might be worth investigating. We intend
to examine these and other issues in a separate paper.

There are several other areas in which additional research
might prove fruitful. For example, the Option Pricing Model re-
quires distributional and risk preference assumptions in order to
price the contingent claims. It would be instructive to examine the
impact on OPM pricing indications of assuming return and loss
distributions other than the normal and lognormal distributions.
Another area involves surplus allocation: for practical applica-
tions of these models, a multiline and/or multistate insurer must
be able to appropriately allocate surplus to its various business
segments. Finally, additional research into appropriate parameter
values for each model is certainly warranted before the models
are actually used for insurance pricing purposes.
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APPENDIX

In this appendix, we show examples of specific calculations
for each of the six financial pricing models examined in this
paper. It is hoped that these examples will provide further insight
into the models, as well as encourage actuaries to implement
some of these techniques themselves.

Target Total Rate of Return

Underwriting profit margins resulting from the Target Total
Rate of Return model are shown in Exhibit 3. These UPMs are
generated directly from Equation 2.6 in the text, assuming the
parameters given on the exhibit. The Target TRR method equates
the sum of an insurance company’s underwriting and investment
returns with a target total rate of return; this target, in our paper,
is based on the Capital Asset Pricing Model. Thus, calculations
of UPMs according to the Target TRR model require assump-
tions regarding values for the following parameters: the risk-free
interest rate, the expected return on the equity market (which is
equal to the risk-free rate plus an equity “risk premium”), the
equity beta of the insurer, the company’s invested assets and the
rate of return on those investments, and the company’s equity
and its premium-to-equity ratio. Assumptions regarding five of
these seven variables are documented at the top of Exhibit 3; al-
ternative assumptions regarding the premium-to-equity ratio and
the equity beta are shown below those, and on the graph on the
exhibit.

As an example, the 0.236 UPM that is shown on the exhibit
(assuming an equity beta of 1.70 and a premium-to-equity ratio
of 0.50) is derived from Equation 2.6 as follows:

UPM=
!
1
0:50

"&''([0:05+1:70(0:13"0:05)]" 417,338#0:08
189,360# 1:30

0:50

)**+
= 0:236,
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where the (1.30/0.50) factor is an adjustment to equity to bring
the premium-to-equity ratio to the assumed value of 0.50. (It
is assumed that, for the base case corresponding to an equity
value of 189,360, the premium-to-equity ratio is 1.30; thus, to
test the sensitivity of the model to a different leverage and a
different premium-to-equity ratio, the equity is adjusted in the
UPM calculation—the premium level is held constant. Assuming
that an equity value of 189,360 corresponds to a premium-to-
equity ratio of 1.30, a ratio of 0.50 implies an equity of 492,336.)

Insurance Capital Asset Pricing Model

Underwriting profit margins resulting from the Insurance
CAPM are shown in Exhibit 4. These UPMs are generated di-
rectly from Equation 2.8 in the text, assuming the parameters
given on the exhibit. We use a differential tax version of the In-
surance CAPM, and show the sensitivity of UPMs to changes
in the underwriting beta and the premium-to-equity ratio on the
exhibit and in the graph.

As an example, the 0.008 UPM on Exhibit 4, under under-
writing beta and premium-to-equity ratio assumptions of 0.40
and 0.50, respectively, is calculated as follows:

UPM="1:18#0:051" 0:272
1" 0:340 +0:40(0:13"0:05)

+
1
0:50

0:05
0:272

1"0:340 = 0:008:

Discounted Cash Flow Model

Underwriting profit margins resulting from the DCF Model
are shown in Exhibit 5. These UPMs are based on the con-
cepts underlying Equation 2.9 in the text. In this framework, the
present value of the premiums is set equal to the present value of
all the cash flows emanating from the policy, including expenses,
losses (and LAE), taxes on underwriting and taxes on investment
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income. The specific formula used (with one adjustment—see
below) is as follows:

P
N%
i=0

ai
(1+ rf)i

= L
N%
i=0

bi
(1+ rL)i

+E
N%

i="M

ci
(1+ rf)i

+

,
P"E-N

i="M
ci

(1+ rf)i

.
t

1+ rf

"Lt

&'''(
-N
i=1

bi
(1+ rT)i"1

1+ rL
+

N%
j=2

-N
i=j

rTbi
(1+ rT)i"j+1

(1+ rL)j

)***+

+ rft

&( N%
j=1

/0S
1-N

i=j bi

2
+P"E"L-j"1

i=0 bi

(1+ rf)j

34)+ ,
where

ai = fraction of premium received in time period i,

bi = fraction of losses paid in time period i,

ci = fraction of expenses paid in time period i,

S = owners’ equity in insurer,

P = premiums,

L= losses and loss adjustment expenses,

E = underwriting expenses,

t= tax rate,

rT = discount rate required for tax purposes,
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rf = risk free rate,

rL = risk adjusted rate for losses,

M = number of time periods before policy effective date that
the first prepaid expenses are paid, and

N = number of time periods after policy effective date that
the last loss payment is made.

The above DCF formula—with an adjustment to allow
for differential tax rates between underwriting and investment
income—is implemented via a spreadsheet program in which
future annual expected loss, expense, and tax cash flows are
discounted to determine a fair premium. In order to solve this
equation, we need to know the rates at which premium income
is received and expenses, losses (including LAE) and taxes are
paid, and the discount rates to use to calculate the present val-
ues. The cash flows are discounted at different rates. Premiums,
expenses and investment income (which is assumed to be earned
based on the risk-free rate) are discounted based on the risk-free
rate. Losses (and LAE) and taxes on underwriting income based
on losses, are discounted at a risk-adjusted rate. As indicated on
Exhibit 5, for the base case, the risk-free interest rate is 5%, the
risk-adjusted discount rate is 3% and the tax discount rate is 7%.

For the base case, it is assumed that the premium is received
and expenses paid entirely when the policy is written. Losses
(and LAE) are assumed to be paid in the middle of each year,
with the loss payout pattern shown in Table 1 (based on Best’s
Aggregates and Averages, 1994). The discounted values of the
loss payments are determined by dividing the percent of losses
paid by (1:03)(Year"0:5).

Taxes are assumed to be paid at the end of each year. Taxes
on underwriting income are determined based on the difference
between premiums, and expenses and losses, with the loss re-
serves discounted based on the provisions of the Tax Reform
Act of 1986. Thus, the incurred losses for tax purposes are the
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TABLE 1

Year % of Losses Paid Discounted Value

1 0.531 0.523210
2 0.241 0.230548
3 0.105 0.097521
4 0.056 0.050496
5 0.030 0.026264
6 0.015 0.012749
7 0.009 0.007427
8 0.005 0.004006
9 0.002 0.001556
10 0.001 0.000765
11 0.001 0.000733
12 0.001 0.000712
13 0.001 0.000691
14 0.001 0.000671
15 0.001 0.000651
Total 1.000 0.957989

paid losses each year plus the ending reserves (discounted at the
mandated seven percent rate) minus the beginning loss reserves
(discounted at seven percent). Since losses are paid out over a
15-year period in this example, then the taxes are also paid out
over the same 15-year period.

The calculation of taxes based on underwriting income is de-
termined by a spreadsheet, which is available from the authors,
that runs over the entire 15-year period. For the fifteenth (last)
year, the incurred losses are the paid losses of 193.605 (.001
times the incurred losses of $193,605) minus the beginning re-
serve (discounted for half a year based on the mandated seven
percent discount rate) of 187.165, or 6.44. This incurred loss
is multiplied by the tax rate applicable to underwriting, 34 per-
cent. This negative tax payment is then discounted back for 15
years, based on the risk-adjusted rate of three percent. Similar
calculations are performed for every other year to determine the
effect of the underwriting tax on losses. In addition, for the first
year, the tax rate is multiplied by the difference between the pre-
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miums and expenses (both assumed to be paid at the inception
of the policy). This tax payment is discounted back for one year
(taxes are paid at the end of the year) at the risk-free rate of five
percent.

The calculation of taxes based on investments is also deter-
mined by a spreadsheet that runs over the 15-year period dur-
ing which losses are paid. Investment income is earned on the
surplus allocated to the policy, which is released in proportion
with loss payments, and the difference between the premiums re-
ceived and expenses and cumulative losses paid out. Investment
income is assumed to be earned based on the risk-free rate and
discounted at the risk-free rate. For the first year, the entire sur-
plus plus the premiums less expenses is invested. For the second
year, 46.9 percent of the inital surplus (since 53.1 percent of the
losses have been paid in the first year) plus the premiums less
expenses and less 53.1 percent of the losses are invested. This
pattern continues until all the losses are paid after 15 years.

For the base case, Equation (2.9) can be broken down as fol-
lows:

PV(P) = P.

PV(L) = 193,605# (:957989).
PV(E) = 59,062.

PV(UWPT) = PV(tax on premiums)"PV(tax on expenses)"
PV (tax on losses).
PV(tax on premiums)= 0:34# (1=1:05)#P =0:323810P.
PV(tax on expenses) = 0:34# (59,062)# (1=1:05) =
19,125.
PV(tax on losses) = 0:34# (193,605)# (:968011) =
63,720.

PV(IBT) = PV(taxes on investment income from surplus)+
PV(taxes on investment income from premiums minus
expenses minus paid losses).
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PV(taxes on investment income from surplus) = 0:05#
(0:272)# (189,360)# (1:887415)=(1:05).
PV(taxes on investment income from premiums minus ex-
penses minus paid losses) = 0:05# (:272)# (P" 59,062"
losses paid to date)/(1.05).

Solving for P yields 253,040. The underwriting profit margin
associated with this premium is:

UPM=
253,040"193,605" 59,062

253,040
= 0:001:

Internal Rate of Return Model

Underwriting profit margins resulting from the IRR model
are shown in Exhibit 6, Part 1, along with the relevant parameter
assumptions. The spreadsheet underlying the UPM calculations
is shown in Exhibit 6, Part 2—the numbers on the sheet represent
base case calculations, with an internal rate of return of 13%
(equal to the expected market return of 5% risk-free plus an 8%
market risk premium). The leftmost column indicates the timing
of the cashflows; quarterly for the first two years and then an-
nual. This spreadsheet can accomodate 25 years of payouts, but
for the base case example all losses are settled within 15 years
(60 quarters). The next column, labeled (1), is the premium in-
come, which is calculated by the backsolver routine. Column 2
shows the expenses, an outgo, which are given and assumed to
be all paid in the first quarter. Column 3 shows the loss pay-
ments. Column 4 shows the federal tax cash flow, calculated as
t(P"E"discounted losses). The taxes are calculated on an an-
nual basis and, for the first two years, spread evenly over the
four quarters.

Column 5 is the cash flow from underwriting, which is the
sum of Columns 1 through 4. This cash flow totals $2,866. The
insurer is assumed, under this model, to receive this sum as soon
as the policy is written. (This model was originally developed for
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workers compensation, which operated at an underwriting loss.
The insurer was assumed to have to fund this underwriting loss
at the inception of the policy. The same timing is assumed in this
situation.) Column 6 is the accumulated value of the underwriting
account. For the first quarter, the value is half of Column 5 plus
the initial underwriting flow. For subsequent rows, the value is
the average of Column 5 and Column 5 lagged one period plus
Column 6 lagged one period.

Column 7 is the total required loss reserve, which is the total
losses (193,605) minus paid to date. For the first year, losses
are assumed to be incurred evenly over the year. Column 8 is
the remaining surplus. The initial surplus allocated to the line is
189,360. Surplus is released as losses are paid. Column 9 is the
average surplus, the average of Column 8 and Column 8 lagged
one period. Column 10 is investment income on surplus; for the
first eight quarters it is Column 9 times two percent; after that
it is Column 9 times eight percent. Column 11 is the investment
income on underwriting, which is two (or eight) percent of Col-
umn 6.

Column 12 shows the cash flows from surplus. For the top
row, it is the sum of Columns 5 and 8. For each remaining row,
it is Column 8 lagged by one period minus Column 8. Column
13, the net cash flow to capital providers, is the sum of the sur-
plus cash flow (Column 12) and the after-tax investment returns
(0.728 times the sum of Columns 10 and 11). Column 14 is the
discount factor at the IRR rate; in this example, 13 percent an-
nually. For the first quarter it is (1=1:13):125 (since the payment
occurs midway through the first quarter). For the last row it is
(1=1:13)24:5. Column 15 is Column 13 times Column 14.

UPMs for non-base case parameter assumptions are derived
by changing the parameter values, and then “backsolving” the
Part 2 spreadsheet by changing the fair premium in Column 1
until the total discounted net cash flow in Column 15 is zero.
(This can typically be done in spreadsheet programs by using
a “backsolver” function.) As for the DCF model, the indicated
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UPMs are then calculated based on the relationships between the
premiums and expected losses and expenses. For example, the
base case UPM of 0.017 on Exhibit 6, Part 1, is calculated as
follows:

UPM=
255,680"193,605" 57,733

255,680
= 0:017:

Option Pricing Model

Underwriting profit margins resulting from the OPM are
shown in Exhibit 7. These UPMs are generated from a spread-
sheet modeled after Equation 19 in Doherty and Garven [15]:

Ve = R
"1
f

!
E$(X)N

#
E$(X)
¾x

$
" ¿E$(W)N

#
E$(W)
¾w

$
+¾xn

#
E$(X)
¾x

$
" ¿¾wn

#
E$(W)
¾w

$"
,

where

Ve = the market value of the residual claim
of the shareholders,

Rf = 1+ rf ,

E$ = the certainty-equivalent expectation operator,

¿ = the corporate tax rate,

¾ = standard deviation,

X = random variable representing the insurer’s pre-tax
end-of-period value after paying claims costs
# (initial equity+premium income
+ investment income" claims costs),

W = random variable representing the insurer’s taxable
income (from both underwriting and investments),
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N[ ] = standard normal distribution value, and

n[ ] = standard normal density value.

This equation can be solved iteratively to determine the fair pre-
mium (in the spreadsheet, by using backsolver), since the pre-
mium level (net of expenses) is embedded in the X and W ran-
dom variables above. The “fair” premium is defined where the
market value of the residual claim of the shareholders is equal to
the initial equity. For the base case, the following values apply:

Ve = 189,360:

Rf = 1:05:

¸= [E(rM)" rf]=s2(M) = 1:594388:
E$[L] = E[L]" [¸=¯(i)]# [½(iL)# s(i)# s(L)] = 193,605:
E$[X] = S(0)+ [(S(0)+ (k#P(0)))# rf]+P(0)"E$[L]

= 189,360+ [(189,360+1:5P(0))0:05]+P(0)" 193,605
= 213,837:

s(X) = %[(S(0)+ (k#P(0)))2# s2(i)] + s2(L)
" [2# (S(0)+ (k#P(0)))# ½(iL)# s(i)# s(L)]&0:5

= 107,592:

E$[W] = [h# (S(0)+ (k#P(0)))# rf] +P(0)"E$[L]
= [0:8# (189,360+1:5P(0))#0:05]+P(0)"193,605
= 19,673:

s(W) = %[(S(0)+ (k#P(0)))2# s2(i)#h2]+ s2(L)
" [2# (S(0)+ (k#P(0)))#h# ½(iL)# s(i)# s(L)]&0:5

= 90,840,
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where
M = the market,

i= investment returns, and

L= claims costs.

The system is then solved for P(0), which turns out to be
194,060. To check that this value is correct, substitute the above
values into the equation:

189,360 = (1=1:05)

#%(213,837)#N[213,837=107,592]
"0:34# (19,673)#N[19,673=90,840]+107,592
#n[213,837=107,592]"0:34# (90,840)
#n[19,673=90,840]&

= 0:952381#%[(213,837)# (0:976566)]
" [0:34# (19,673)# (0:585726)]
+ [(107,592)# (0:55354)]
" [0:34# (90,840)# (:389696)]&

= 189,360:

Finally, expenses are added in to the premium, and the UPM
is calculated in the usual way—for example, for the base case
on Exhibit 7:

UPM=
(194,060+59,062)"193,605"59,062

(194,060+59,062)
= 0:002:

Arbitrage Pricing Model

Underwriting profit margins resulting from the APT are
shown in Exhibit 8, Part 1. These UPMs are generated directly
from Equation 2.13 in the text, assuming the parameters given
on the exhibit. We use a differential tax version of the Insur-
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ance APT and show the sensitivity of UPMs to changes in the
premium-to-equity ratio on the exhibit and in the graph. Part 2
of Exhibit 8 shows the results of regressions of five different
macroeconomic variables against historical underwriting profit
margins. Based on these regressions, it was decided to use infla-
tion and the growth in industrial production as the explanatory
factors in the Arbitrage Pricing formula.

As an example, the -0.029 base case UPM on Part 1 is calcu-
lated as follows:

UPM="1"0:272
1"0:340 #0:05#1:18+ (0:50# 0:03)

+ (0:25#0:02)+0:05
!
1
1:3

"!
0:272

1"0:340
"
="0:029:


