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ESTIMATING THE COST OF EQUITY CAPITAL
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ABSTRACT

This article presents new evidence on the cost of equity capital by line of in-
surance for the property-liability insurance industry. To do so we obtain firm
beta estimates and then use the full-information industry beta (FIB) method-
ology to decompose the cost of capital by line. We obtain full-information
beta estimates using the standard one-factor capital asset pricing model and
extend the FIB methodology to incorporate the Fama–French three-factor
cost of capital model. The analysis suggests the cost of capital for insurers
using the Fama–French model is significantly higher than the estimates based
upon the CAPM. In addition, we find evidence of significant differences in
the cost of equity capital across lines.

INTRODUCTION

Cost of capital estimation is becoming increasingly important for insurers. First intro-
duced during the 1970s in regulatory proceedings, the application of financial meth-
ods in pricing, reserving, and other types of financial decision making has grown
rapidly over the past two decades.1 Recent developments include asset-liability man-
agement techniques (Panjer, 1998), methodologies to allocate equity capital by line
of business (e.g., Myers and Read, 2001), market-based project evaluation techniques
such as risk-adjusted return on capital (RAROC), and the projected introduction of
fair value accounting for insurer liabilities (Girard, 2002; Dickinson, 2003). These and
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other changes have intensified the need to find reliable methods to estimate the cost
of capital for insurance firms.

The use of an incorrect cost of capital in capital budgeting, pricing, and other applica-
tions can have serious consequences, with the firm losing market share to competitors
if the cost of capital is overestimated and losing market value if the cost of capital is
underestimated. Essentially, using incorrect cost of capital estimates can lead to the
firm’s investing in negative net present value projects that destroy firm value. Choos-
ing the appropriate cost of capital for specific projects is often a challenging task. The
cost of capital varies significantly across industries, and cost of capital research has
shown that there is a significant industry factor for insurance (Fama and French, 1997).
Although insurance is a diverse industry, encompassing numerous lines of business
with very different risk characteristics, little progress has been made in estimating
costs of capital by line of business within the insurance industry. The objective of the
present article is to remedy this deficiency in the existing literature by developing
cost of capital models that reflect the line of business characteristics of firms in the
property-liability insurance industry to assist insurers in making decisions that max-
imize firm value. In addition to providing valuable information for financial decision
making, estimating the cost of capital by line also contributes to the literature on
explaining cross-sectional price differences in the insurance industry (e.g., Sommer,
1996; Phillips, Cummins, and Allen, 1998; Froot, 2003).

The issue addressed in this article has been studied in the financial literature as the
problem of estimating the cost of capital for divisions of conglomerate firms. Because
the conglomerate firm itself rather than the division is traded in the capital market,
market value data can be used to estimate the overall cost of capital for the conglom-
erate but not for the individual divisions comprising the firm. The classic approach
for estimating the divisional cost of capital is the pure-play approach (Fuller and Kerr,
1981) that approximates the divisional cost of capital as the average cost of capital for
publicly traded “pure-play” firms that specialize in the same product as the division
under consideration.

The pure-play technique performs well when a relatively large number of pure-play
firms of various sizes can be found. However, in many industries, there are only a few
true specialist firms in some product lines and they often tend to be relatively small
(Ibbotson Associates, 2002). Because small firms tend to have higher costs of capital
than large firms, using pure-play cost of capital estimates from small specialist firms
to determine the cost of capital of a much larger division of a conglomerate firm can
lead to biased estimates of the divisional cost of capital. Property-liability insurance
is an industry where the pure-play approach does not work very well because the
vast majority of insurance premiums are written by multiple-line firms. In addition,
relatively few insurers are publicly traded, with the majority of firms in the industry
owned by insurance groups. Thus, development of an alternative to the pure-play
method is particularly important in this industry.

This article utilizes a relatively new methodology, the full-information industry beta
(FIB) approach, that overcomes the principal limitations of the pure-play methodology
(Ehrhardt and Bhagwat, 1991; Kaplan and Peterson, 1998). Instead of discarding the
cost of capital estimates for conglomerates, as is done in pure-play analysis, the FIB
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approach utilizes a sample of conglomerate and specialist firms to identify the impact
of various lines of business on the cost of capital. The underlying insight is that the
observable market-value beta for the conglomerate is a weighted average of the unob-
servable betas of the firm’s underlying business segments. The approach is to conduct
a cross-sectional regression for a sample of firms, where the dependent variable is
the observable beta and the independent variables measure the firms’ participation
in various lines of business. The coefficients of the line of business participation vari-
ables are then interpreted as the full-information beta coefficients for the business
lines. The resulting regression equation can be used to estimate costs of capital for
individual lines of business, divisions of conglomerate firms, nontraded stock firms,
and mutuals.

The betas used as the dependent variables in our FIB regressions come from the
capital asset pricing model (CAPM) and the three-factor model developed by Fama
and French (1992, 1993, 1997). The CAPM and Fama–French methods were chosen
because they are used frequently in determining the cost of capital in practical appli-
cations (Graham and Harvey, 2001) and have been extensively tested in the academic
literature. The Fama–French three-factor model (hereinafter the FF3F model) was de-
veloped in response to the criticism that the CAPM systematic market risk factor alone
does not provide an adequate explanation of the cross-sectional variation of average
stock returns. The FF3F model achieves significantly better explanatory power by
adding risk factors to capture the effects of firm size (total market capitalization) and
the ratio of the book value of equity (BE) to the market value of equity (ME). The
former factor controls for the well-known inverse relationship between the cost of
capital and firm size. The BE/ME ratio reflects the firm’s growth prospects (relative
financial distress), with firms with low growth prospects having higher values of this
ratio than healthier firms.2

This article implements the FIB approach to cost of capital estimation using a sample
consisting of all firms (insurance and noninsurance) listed in the Compustat data base
for the period from 1997 through 2000. We utilize the FIB technique to estimate the
cost of capital for personal and commercial lines of insurance and for regulated lines
(automobile versus workers’ compensation insurance). The FIB approach can easily
be adapted to estimate costs of capital for other lines of business. We also estimate
the overall CAPM and FF3F costs of capital for insurance and other types of financial
services firms.

There have been several prior articles on cost of capital estimation for property-liability
insurers. Cummins and Harrington (1985) utilize quarterly profit data to estimate the
cost of capital for 14 property-liability insurers from 1970 to 1981. Cox and Griepentrog
(1988) implemented the pure-play technique for a sample of 26–31 insurers (depend-
ing on the year) using data from the mid 1970s. Cummins and Lamm-Tennant (1994)
estimate models showing that insurer costs of capital are related to leverage and
find that commercial long-tail coverages have higher costs of capital than short-tail
lines. Lee and Cummins (1998) estimate the cost of equity capital for property-liability

2 The construction of the size and book-to-market factors are defined in more detail below.
Cochrane (1999) reviews the empirical asset pricing literature and provides an intuitive dis-
cussion of the nondiversifiable risks proxied by the size and financial distress risk factors.
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insurers using the CAPM, the arbitrage pricing theory (APT) model, and a unified
CAPM–APT model developed by Wei (1988). They find that the APT and the Wei
models perform better than the CAPM in forecasting the cost of capital for insurers.
Except for Lee–Cummins, none of the prior research uses data after the 1980s, and
none except Cummins and Lamm-Tennant estimates the cost of capital by line.

Our research contributes to the insurance cost of capital literature by providing the
first comprehensive analysis of the cost of capital by line of business and by using a
much larger sample of insurers. This article is the first to apply the FF3F model and
the full-information beta technique to the insurance industry. We also innovate by
conducting the first application in any industry of the FIB beta technique to explain
the factors of the FF3F model.

The remainder of the article is organized as follows: Cost of capital models, estima-
tion, and sample selection are discussed in the section “Cost of Capital Estimation
Methodologies.” The results are presented in the section “Empirical Results,” and the
final section concludes.

COST OF CAPITAL ESTIMATION METHODOLOGIES

This section outlines the cost of capital estimation methodologies utilized in this ar-
ticle. The discussion briefly summarizes each model and provides details on the esti-
mation techniques.

The Capital Asset Pricing Model
The CAPM cost of capital is given by the following formula:

E(ri ) = rf + βmi [E(rm) − r f ], (1)

where

E(ri ) = the CAPM cost of capital for firm i ,

rf = the expected return on a default risk-free asset,
E(rm) = the expected return on the market portfolio, and

βmi = firm i ’s “beta coefficient” for systematic market risk = Cov(ri , rm)/Var(rm).

CAPM cost of capital estimation is conducted using the usual two-stage approach.
In the first stage, returns on specific stocks in the sample are regressed on a mar-
ket risk factor to obtain the beta coefficient for each firm.3 In the second stage, the
beta coefficients are inserted into Equation (1) along with the estimated market risk-
premium to obtain the cost of capital estimate for each firm. The expected market

3 The market excess return factor (rmt − rft) in the first-stage CAPM regression is defined as
the value-weighted return on a broad market index consisting of all stocks traded on the
New York Stock Exchange (NYSE), the American Stock Exchanges (AMEX), and Nasdaq less
the 30-day U.S. Treasury-bill rate lagged 1 month. The regression sample periods consist of
60 months of data. The market excess factor and estimation period are standard choices in the
cost of capital literature (e.g., Fama and French, 1992).
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premium for systematic risk, E(rm) − rf , is the average value-weighted excess return
on NYSE/AMEX/Nasdaq stocks relative to the 30-day Treasury-bill rate from 1926–
present.4

To control for potential biases caused by infrequent trading, the CAPM beta is also
estimated using the widely accepted sum-beta approach (Scholes and Williams, 1977;
Dimson, 1979), based on the following augmented regression:

rit − rf t = αi + βmi0(rmt − rft) + βmi1(rm,t−1 − rf,t−1) + εi t. (2)

The estimated sum-beta coefficient is obtained by adding the contemporaneous and
lagged beta estimates from Equation (2), i.e., β̂mi = β̂mi0 + β̂mi1.

5

The Fama–French Three-Factor Model
Fama and French (1992, 1993, 1996) provide evidence that the CAPM does not provide
an adequate explanation of the cross-sectional variation in average stock returns. They
find that a three-factor model, which retains the CAPM risk-premium for systematic
market risk but adds risk-premia for two additional factors to capture the effects of firm
size and book-to-market equity (BE/ME) ratio, provides a much better explanation
of the cross-sectional variation in stock returns.6 The implication of their results is
that reliance on the CAPM overlooks significant common risk factors that play a role
in determining expected stock returns and thus is likely to lead to inaccurate cost
of capital estimates. Accordingly, we also estimate the cost of capital using the FF3F
model.7

The FF3F formula for the cost of capital is the following:

E(ri ) = rf + βmi [E(rm) − rf ] + βsiπs + βhiπh, (3)

4 This approach to estimating the market risk premium is standard in the literature, and 1926-
present is the most common averaging period. Derrig and Orr (2003) provide a review of
alternative estimation periods and methods for estimating the market risk premium. In prac-
tical applications, the interest rate and the expected market risk premium often are varied to
match the time horizon of the project under consideration (see Ibbotson Associates, 2002, p.
53). This distinction is not made here to focus attention on the impact of the beta coefficients,
rather than the project horizon or interest rates, on the cost of capital. However, the approach
could easily be adapted in practice to allow for differing time horizons.

5 Scholes and Williams (1977) and Dimson (1979) include lead terms in addition to the lagged
terms in adjusting for non-synchronous trading. However, these lead terms are not necessary
under the assumption that the market return is not contaminated by stale prices.

6 The Fama–French findings have been extensively tested and have been corroborated by other
researchers (e.g., Barber and Lyon, 1997; Wang, 2003).

7 We also considered estimating multi-factor models based upon arbitrage pricing theory (APT)
as developed by Ross (1976). Although APT is an important model, we do not estimate APT
costs of capital in this article. The APT places heavier demands on the data than the CAPM or
FF3F methods and thus is more difficult to implement for industries such as insurance where
the number of traded stocks is relatively low. In addition, the factors that comprise empirical
versions of the APT model are often difficult to interpret economically, and the generalization
of the methodology to incorporate industry factors is not straightforward. Further information
on APT, see Campbell, Lo, and MacKinlay (1997).
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where

βsi = firm i ’s beta coefficient for the size factor,

πs = the expected market risk-premium for firm size,

βhi = firm i ’s beta coefficient for the book-to-market (BE/ME) equity factor, and
πh = the expected market risk-premium for the book-to-market (BE/ME)

equity factor.

The size factor controls for the “small stock effect”—the tendency of stocks with
small market capitalization to have higher costs of capital than large capitalization
stocks. The book-to-market equity factor is usually interpreted as a “value factor” or
measure of a firm’s growth prospects. Firms with high growth prospects tend to have
relatively low BE/ME ratios and lower costs of capital than firms with relatively low
growth prospects. The BE/ME factor also is often interpreted as providing a market
risk-premium for financial distress (Fama and French, 1995).

The first-stage regression in the Fama–French (FF3F) methodology is the following:

rit − rf t = αi + βmi (rmt − rf t) + βsiπst + βhiπht + εi t , (4)

where

πst = return differential between small and large stocks in period t, and
πht = return differential between high BE/ME stocks and low BE/ME stocks

in period t.

The model augments the CAPM regression to include variables representing market
excess returns for size and financial distress, based on the differential returns between
“small” and “large” stocks and “high” and “low” BE/ME stocks, respectively. These
return series are derived using the procedures described in Fama and French (1993,
1997).

As in the case of the CAPM, it is also important to correct for infrequent trading bias
when estimating the FF3F model. Accordingly, we also calculate FF3F beta estimates
using a sum-beta regression that includes contemporaneous and lagged values of each
of the Fama–French return series.8 Analogously to Equation (2), sum-beta estimates
are then obtained by summing the betas of the contemporaneous and lagged returns
for each of the three factors.

In the second stage of the FF3F methodology, we insert either the betas from
Equation (4) or the corresponding sum-beta estimates into Equation (3). The risk-
premium for systematic market risk, E(rm) − rf , in the FF3F model is the same estimate

8 The importance of using the sum beta adjustment for all three FF3F factors is demonstrated
in our empirical results, where a substantial proportion of the coefficients of the lagged risk
factor terms in the sum beta version of Equation (4) is statistically significant.
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used for the CAPM. Also used in this stage are estimates of the long-term average
market risk-premia π s and πv for size and financial distress. The averaging period for
the size and financial distress premia is from 1926 through 2000.9

The Full-Information Industry Beta Method
The FIB methodology produces cost of capital estimates that reflect the line of business
composition of the firm.10 Such estimates can be used to estimate costs of capital by line
of insurance, for divisions or subsidiaries of conglomerate firms, and for nontraded
stock insurers and mutuals. The underlying premise is that the firm can be envisioned
as a portfolio of assets, where the assets represent divisions or individual lines of
business. The rationale for the FIB decomposition is the value-additivity property of
arbitrage-free capital markets, which holds that the arbitrage-free market value of
the firm is the sum of the values of its individual projects (e.g., Brealey and Myers,
2002). This conceptualization implies that the firm’s overall market beta coefficient is
a weighted average of the beta coefficients of the separate divisions or business lines.
In theory, the weight on each divisional or line of business beta is the market value
of the division divided by the market value of the firm as a whole. However, because
individual business units are not publicly traded, market value weights cannot be
used. Instead, we follow Kaplan and Peterson (1998) in using sales data to represent
business participation.

We seek to decompose the overall market beta coefficient (for the CAPM) or coeffi-
cients (for the FF3F model) into separate beta coefficients for each industry in which
firms participate. There are two steps in the decomposition: (1) Estimate the overall
market beta coefficients for a sample of firms using the CAPM or FF3F methods, as
discussed above. (2) Obtain full-information betas for each industry by performing
cross-sectional regressions with the overall market betas as dependent variables and
a series of weights proxying for the firm’s participation in various industries or lines
of business as explanatory variables. The regression equation for the CAPM beta,
estimated with the constant term suppressed, is

βmi =
J∑

j=1

β f mjωi j + νmi , (5)

9 Excess return data for market systematic risk, size, and financial distress were obtained from
Kenneth French’s website: http://mba.tuck.dartmouth.edu/pages/faculty/ken.french.

10 Consistent with Kaplan and Peterson (1998), we estimate full-information equity betas rather
than asset betas. The use of equity betas incorporates the assumption that all firms in an
industry have an optimal capital structure and that the firms in the industry are operating at
or close to the optimum. Although it would be possible to unlever the estimated equity betas,
this approach has the limitation of assuming that all industry segments for a given firm have
the same leverage (debt capital to equity capital) ratio. Unlevering beta also would require
information on the rate of return on debt capital for insurers, which is difficult to obtain due
to lack of market data on insurance liabilities. For these reasons, and because equity betas
are useful in a variety of contexts, we focus on equity betas in this article.
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where

βmi = firm i ’s overall market systematic risk beta coefficient,
βfmj = the full-information market systematic risk beta for industry, line, or

division j ,
ωij = firm i ’s industry-participation weight for industry, line, or division j , and
νmi = random error term for firm i .

The ωij, j = 1, 2, . . . , J, for firm i, which sum to 1.0, measure the firm’s participation
in each line of business. Revenues by industry are used to calculate ωij, i.e., ωij =
revenues of firm i in industry j divided by total revenues of firm i. The β fmj, which
vary by industry but not by firm, capture the impact that any particular line of business
is expected to have on the overall riskiness and hence the beta coefficient of the firm.
Equation (5) then is used “out of sample” to estimate the overall beta coefficients
βmi for individual divisions or lines of business by inserting the ωij weights for the
division or business line.

Using Equation (5) would not be appropriate to decompose the FF3F size and book-to-
market betas because these betas tend to vary systematically with firm size and book-
to-market ratio, respectively. Specifically, the size betas are inversely related to firm
size, and the BE/ME betas are directly related to firm BE/ME ratios.11 Accordingly,
regressions analogous to (5) for the size and book-to-market betas would be likely to
suffer from omitted variables bias. To address this problem, we conduct the following
regressions for the size and BE/ME betas:

βsi =
J∑

j=1

β f 1s jωi j + β f 2s ln(MEi ) + νsi (6)

βhi =
J∑

j=1

β f 1hjωi j + β f 2h ln(BEi/MEi ) + νhi , (7)

where

βsi , βhi = overall size and BE/ME beta estimates firm i , s = size,
h = BE/ME,

β f 1s j , β f 1hj = full-information size and BE/ME beta intercept coefficients for
industry j ,

β f 2s , β f 2h = full-information size and BE/ME beta slope coefficients,
BEi , MEi = book value of equity and market value of equity for firm i ,

ν j i = random error term for firm i , equation j , j = s, h.

11 See Fama and French (1996, p. 59). There is no apparent pattern of market systematic risk
factors in the FF3F model by either size or BE/ME ratio; and, likewise, the size betas have no
apparent relationship with the BE/ME ratios, and the BE/ME betas are not systematically
related to firm size.
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Equations (6) and (7) allow for different intercept coefficients for each industry and
also allow the slope coefficients to vary by the log of market equity and the log of
the BE/ME ratio, respectively.12 The full-information beta estimates for the size factor
are obtained using the estimated coefficients β̂f 1s j and β̂f 2s by inserting the industry-
participation weights (ωij) and ln(MEi) for a given firm into Equation (6), and the
full-information beta for the BE/ME factor is obtained similarly using Equation (7).

Equations (5)–(7) are estimated using two techniques—unweighted least squares
(UWLS) and weighted least squares (WLS). In the WLS estimations, the weight for
each firm in a specified cross-sectional regression is the ratio of its market capital-
ization to the total market capitalization of the firms in the sample.13 For both the
UWLS and WLS cases, we estimate the three FF3F regressions using the seemingly
unrelated regressions procedure to improve estimation efficiency. The weighted and
unweighted FIB regressions for the CAPM are conducted using ordinary least squares.

When UWLS is used to estimate Equations (5)–(7), the β fjk are interpreted as equally
weighted average industry specific betas. When WLS is used, the β fjk represent market
value weighted industry betas (Kaplan and Peterson, 1998). The equally weighted
results are useful in obtaining an indication of the betas for the average firm in an
industry, whereas the market value weighted (WLS) results are a more useful indicator
of the overall cost of capital for an industry.

Data and Sample Selection
To estimate the CAPM, FF3F, and full-information costs of capital, we need data on
stock returns and revenues by line of business for a sample of firms. This section
describes the data sources, sample selection procedures, and data screens employed
to construct our sample.

In this article, we estimate full-information costs of capital for property-liability in-
surers over the period from 1997 through 2000.14 Stock return data were obtained

12 The logged variables are used as regressors to be consistent with Fama and French (1997).
They do not estimate full-information betas, but they do allow the slope coefficients to vary
by the logs of market equity and the BE/ME ratio in some of their cost of capital regressions.
We also conducted sensitivity analysis where we also interacted the slope coefficients with
the ωij variables in regressions analogous to (6) and (7). The cost of capital estimates from the
interacted regressions were very similar to those based on Equations (6) and (7).

13 Kaplan and Peterson (1998) suggest using instrumental variables estimation (IV) rather than
WLS. WLS rather than IV is used here because IV estimation is based on the assumption that
the error terms in Equations (5)–(7) are homoskedastic, whereas we consider the assumption
of heteroskedasticity to be more appropriate. However, WLS and IV give the same point
estimates of the coefficients so the choice only affects the standard errors.

14 Prior full-information cost of capital papers (Kaplan and Peterson, 1998; Ehrhardt and
Bhagwat, 1991) base their analysis on only 1 year of data. The rationale for the choice of
estimation period is that the objective in this article is to illustrate the estimation of divi-
sional costs of capital by line for property-liability insurers rather than to study asset pricing
anomalies or to develop and test a multi-factor asset pricing model. The CAPM and FF3F
models we use here have been thoroughly tested by other authors and are widely accepted in
the literature. Because the objective is to apply rather than test the models, it is not necessary
to utilize a lengthy estimation period such as 20 or 25 years as in Fama and French (1992,
1996).
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from the University of Chicago’s Center for Research in Security Prices (CRSP). Data
were obtained for the period from 1992 through 2000, permitting us to estimate costs
of capital for the period from 1997 through 2000, because we follow the standard
procedure of using 60 monthly observations to estimate our cost of capital models.15

To obtain revenues by line of business, we utilize Compustat’s Business Information
File and data from the National Association of Insurance Commissioners (NAIC).
Compustat includes revenue data for firms in various industries, categorized using
the North American Industry Classification System (NAICS). Insurance is included
in the finance sector, which has two-digit NAICS code of 52. Within the finance sec-
tor, there are several insurance subcategories including property/casualty insurance
(NAICS code 524126), property/casualty reinsurance (NAICS code 52413 or 524130),
life insurance (NAICS code 524113), and health insurance (NAICS code 524114), and
we utilize Compustat revenue data for these insurance lines of business in estimating
our models. Because the NAICS system does not further categorize revenues by line
of insurance, we obtained data on insurance revenues by line from the NAIC annual
statement CD-ROMs to supplement the Compustat data.

EMPIRICAL RESULTS

This section begins by discussing summary statistics on the industry-participation ra-
tios of property-liability (P&L) insurers. The overall beta and cost of capital estimation
results are then presented, followed by cost of capital estimates by line. We illustrate
the methodology using two lines of business categorizations: (1) personal versus com-
mercial lines and (2) automobile insurance versus workers’ compensation versus all
other lines. The FIB approach could be applied similarly to other line categories.

Summary Statistics
Table 1 presents the industry-participation statistics for publicly traded firms writing
property-liability insurance at year-end 2000. The three primary insurance industry
categories are presented at the top of the table, followed by noninsurance indus-
tries. There are 117 firms in our sample of publicly traded firms that report writing
property-liability insurance in 2000. Seventy-five of these firms are identified being
primarily property-liability insurers by Compustat, and 42 firms are identified as pri-
marily participating in other industries. The table shows that firms participating in the
property-liability insurance market are represented in a variety of other industries.
The most common industry is “finance excluding insurance,” which includes mutual
fund management, financial planning, securities brokerage, and consumer lending.
Thirty-four of the firms that list their primary industry as property-liability insurance
participate in the finance excluding insurance category, and 22 of the firms in the
sample that are not primarily property-liability insurers participate in the finance ex-
cluding insurance segment. Only a few firms in the sample earn significant revenues
from nonfinancial industries.

15 In selecting the stock returns, we employed screening rules that also are standard in the
cost of capital estimation literature (e.g., Fama and French, 1992, 1997). For example, we
eliminated firms with estimated CAPM beta coefficients greater than 5 in absolute value and
also eliminated firms that did not have at least 36 consecutive months of return information
prior to June of each year of the estimation period.
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TABLE 2
CAPM Betas and Costs of Capital for Property-Liability Insurers

Table shows average CAPM beta for firms which are identified as property-liability (P&L) insur-
ers based on having overall NAICS codes 524126 or 52413. Both beta and sum beta regressions
are conducted for each firm (Equations (2) and (3)). The beta regression is:

(rit − rft) = αi + βmi(rmt − rft) + εit

where rit is the return on firm i, rft is the 30 day Treasury bill rate observed at the beginning
of the month, and rmt is the value-weighted market return on all NYSE, AMEX, and Nasdaq
stocks. The “Sum β” model adjusts for nonsynchronous trading by adding to the regression
the excess market return variable lagged one time period. The reported sum betas equal the
sum of the contemporaneous and lagged beta estimates. The data period for each year ends on
June 30. Estimates are calculated using the previous 60-months of returns. The risk-free rate of
interest used to estimate the cost of equity capital was the average 30 day T-bill rate over the
time period for this study 1997–2000, 4.93 percent. The long-run historical market risk premium
as of December 2000 was 8.44 percent (Ibottson, 2002).

Market Cap No. P&L Cost of Average Cost of
Year Quartile Insurers Average β Capital Sum β Capital

1997 Small 21 0.646 0.104 0.893 0.125
2 21 0.861 0.122 1.144 0.146
3 21 0.709 0.109 0.809 0.118
Big 22 0.820 0.119 0.932 0.128

Total 85 0.760 0.113 0.944 0.129

1998 Small 18 0.632 0.103 0.926 0.127
2 19 0.687 0.107 0.908 0.126
3 19 0.652 0.104 0.811 0.118
Big 19 0.917 0.127 0.999 0.134

Total 75 0.723 0.110 0.911 0.126

1999 Small 19 0.570 0.097 0.812 0.118
2 19 0.616 0.101 0.677 0.106
3 19 0.642 0.103 0.736 0.111
Big 19 0.690 0.107 0.746 0.112

Total 76 0.629 0.102 0.743 0.112

2000 Small 18 0.316 0.076 0.631 0.103
2 18 0.654 0.104 0.763 0.114
3 18 0.642 0.104 0.696 0.108
Big 19 0.712 0.109 0.817 0.118

Total 73 0.583 0.098 0.728 0.111

Grand total 309 0.677 0.106 0.836 0.120

Overall Costs of Capital
In all of the cost of capital estimates presented in this article, we use as the risk-free
rate the average of the 30-day Treasury-bill rate over the years used in this study, from
1997 through 2000. Likewise, as the expected risk-premia for systematic market risk,
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size, and financial distress, we use the long-run historical (from 1926 through 2000)
market risk-premia on NYSE/AMEX/Nasdaq stocks from Kenneth French’s Web site.
We use the same risk-free rate and risk-premia for all cost of capital estimates to focus
on the impact of the models and the beta coefficients on the cost of capital, holding
constant the risk-free rate and market risk-premia.

The CAPM beta and sum-beta estimates for property-liability insurers are summa-
rized in Table 2 along with the corresponding cost of capital estimates. The table gives
the average beta and sum-beta by market capitalization size quartile for each year
of the estimation period. As expected, the sum-beta estimates are consistently larger
than the ordinary beta coefficients. For the sample as a whole, the average beta is
0.677 and the average sum-beta is 0.836. Thus, property-liability insurers on average
tend to be characterized by infrequent trading, such that it is important to use sum
betas to obtain accurate costs of capital. Interestingly, the quartile results do not show
that large insurers consistently have smaller betas than small insurers, contrary to the
usual finding for large and small stocks in general. In part, this is because the size dif-
ference between the average large and small property-liability insurers is not as high
as for large and small stocks in general, e.g., in 2000, the average P&L insurer in the
largest size quartile is approximately half as large as the average firm in that quartile.
Even with the sum-beta adjustment, the betas for property-liability insurers tend to
be somewhat less than the average CAPM beta coefficient of 1.0. The cost of capital
estimate for the period as a whole is 10.6 percent without the sum-beta adjustment
and 12.0 percent with the sum-beta adjustment.

Table 3 provides the overall beta and sum-beta estimates based on the FF3F method.
The beta coefficients for systematic market risk, firm size, and the BE/ME factor are
shown by quartile and year of the sample period. On average, the market systematic
risk factor has a higher beta coefficient than the BE/ME factor, and the firm size factor
has the lowest beta coefficient. For the sample as a whole, the market beta is 0.98, the
size beta is 0.386, and the financial distress beta is 0.813.16 The sum-beta estimates
are larger than the estimates without the sum-beta adjustment, indicating that it is
important to adjust for infrequent trading in the FF3F model as well as in the CAPM.

Comparing our results to the results in Fama and French (1997), we find that our
market beta and size beta estimates for property-liability insurers are about the same
as the all-industry averages for these two parameters in Fama and French (1997),
suggesting that property-liability insurance stocks are about average in terms of their
sensitivity to systematic market risk and firm size. However, our financial distress
betas, which average 0.813, are substantially larger than the Fama–French all-industry
average of 0.02 for this parameter.17 This result suggests that property-liability stock
returns are much more sensitive to financial distress than stocks in general and that

16 By construction, in the Fama–French three-factor model, the market value weighted average
of the size and financial distress betas across all stocks in the market will sum to zero. However,
this does not imply that the betas will average to zero for a specific industry such as property-
liability insurance.

17 Our estimates of the size and financial distress beta for property-liability insurers are also
much larger than the Fama–French estimates of these parameters for the insurance indus-
try, 0.09 and 0.06, respectively. However, their definition of the insurance industry is much
broader than ours, including life and health insurers as well as property-liability insurers.
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financial distress leads to significantly higher costs of capital for property-liability
insurers.18

The FF3F costs of capital shown in Table 3 range from 16.3 percent in 1999 to 18.5
percent in 2000, without the sum-beta adjustment, and from 17.3 percent in 1999
to 19.9 percent in 2000, with the sum-beta adjustment. For the period as a whole,
the average cost of capital is 17.2 percent without the sum-beta adjustment and
18.5 percent with the adjustment, considerably higher than the comparable CAPM
costs of capital of 10.6 percent and 12.0 percent (Table 2). The higher FF3F estimates
reflect the risk-premia for firm size and the BE/ME factor.19 Hence, it is likely to
be important for property-liability insurers to utilize a multiple-factor model when
estimating the cost of capital.

Our FF3F cost of capital estimates for property-liability insurers are consistent with
the FF3F estimates reported by Ibbotson Associates (2002, p. 153) for all industries in
2001, which average about 15.5 percent (after adjusting for the risk-free rate which was
about 2 percentage points lower in Ibbotson’s analysis than in ours). The FF3F cost
of capital estimates for property-liability insurers should be somewhat higher than
average because insurers tend to be smaller than average firms in other industries
and because they tend to have more sensitivity to the BE/ME factor.

To provide further perspective on the FF3F cost of capital estimates, we also calculated
the annualized return on an equally weighted index consisting of all NYSE, AMEX,
and Nasdaq stocks in Standard Industrial Classification (SIC) classification 6331, fire,
marine, and casualty insurance. We calculated the returns for our sample period, 1997–
2000, and also for the longer sample period 1990–2003 and for several sub-periods.
The returns on the SIC 6331 stocks are generally higher than for the Standard & Poor’s
(S&P) 500 Stock Index and also are generally consistent in magnitude with the FF3F
cost of capital estimates shown in Table 3. For example, the annualized return on SIC
6331 stocks for 1997–2000 was 23.7% compared to 21.4% for the S&P 500, and the
returns for 1990–2003 are 16.7% for SIC 6331 and 9.8% for the S& P 500. This provides
further evidence that property-liability insurer stocks tend to have higher costs of
capital than stocks in general, at least during recent periods.

18 Additional evidence of a significant “flight to quality” effect for property-liability insurers is
presented in Cummins and Lewis (2003). They analyze a sample of insurers that sustained
losses due to the September 11, 2001, World Trade Center terrorist attack and show that
stock prices for insurers with high financial ratings rebounded quickly following the attack,
whereas stock prices for lower-rated insurers remained depressed. A model of capital bud-
geting under conditions where financial distress matters has been developed by Froot and
Stein (1998).

19 The reader is reminded that the cost of capital estimation involves utilizing the estimated beta
coefficients of the CAPM and FF3F models, multiplied by the long-term (from 1926 through
2000) average returns for the corresponding Fama–French risk factors (see Equations (1) and
(3)). Thus, even though linear regression theory implies that the sum of the fitted values of
the dependent variables from the CAPM and FF3F beta estimation regressions are equal to
the sum of the actual rate of return dependent variable in the regressions, this does not mean
that the cost of capital from the CAPM and FF3F models will be the same.
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Full-Information Costs of Capital
The full-information CAPM beta coefficients for property-liability insurance, life in-
surance, health insurance, finance excluding insurance, and all other industries are
shown in Table 4. The beta estimates shown in the table are the industry-participation
intercept coefficients (β fmj) from the CAPM FIB regression (Equation (5)) on all two-
digit NAICS industries using all Compustat firms that met our sample selection cri-
teria. The dependent variable in the regression is the vector of sum-beta estimates
obtained from Equation (2). We conducted the FIB estimation separately by year and
also conducted a panel data regression including the data from all 4 years of the sam-
ple period in a single regression. Both equally weighted and market value weighted
averages are shown in the table. The equally weighted averages provide an indica-
tion of the beta for the average insurer, whereas the market value weighted averages
provide an indication of the systematic risk sensitivity for the industry as a whole.
We focus most of the discussion on the panel data results, but the annual averages are
generally quite similar.20

Based on the panel regression results, the equally weighted CAPM beta coefficient
for the property-liability insurance industry is 0.856 and the value-weighted beta is
0.843, i.e., the industry is slightly less risky than stocks in general, which have an
average CAPM beta coefficient of 1.0. The equally weighted property-liability indus-
try beta based on the panel estimation model is significantly less than the betas of
the health insurance and all other nonfinancial industries categories but not signif-
icantly different from life insurance or finance excluding insurance. Based on the
value-weighted estimates, the property-liability betas are significantly smaller than
those of all other industry segments shown in the table. Hence, there is strong evi-
dence that property-liability insurance has lower CAPM systematic risk on average
than many other industries.

The CAPM costs of capital based on the beta estimates are shown in the last two panels
of Table 4. Both the equally weighted and value-weighted estimates suggest that the
FIB CAPM cost of equity capital for property-liability insurers is approximately 12
percent. Based on value-weighted estimates, the CAPM cost of capital for property-
liability insurers is less than that for life insurers (13.5 percent), health insurers (15.1
percent), financial firms excluding insurers (16.0 percent), and all other industries
(13.2 percent).

The FF3F full-information beta estimates and costs of capital for property-liability
insurers are shown in Table 5. The estimates are based on regressions (5)–(7) with
the sum-beta estimates as dependent variables. The models are estimated over
all NAICS two-digit industries using all Compustat firms. Equally weighted esti-
mates are shown in section A of the table and value-weighted estimates are shown
in section B. Both sections of the table show the industry-participation betas for
property-liability insurance from Equations (5)–(7), i.e., βfmj, β f 1s j , and βf 1hj , as well
as the average industry-participation betas for all other industries. Also shown in
the table are the slope coefficients for the log of market capitalization and the log

20 There is a tendency for betas to vary somewhat over time, as is the case with our individual
year betas. The variability in our annual betas is not unusual and is generally consistent with
patterns observed in Ibbotson Associates (2002, p. 108) and other sources.
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of the BE/ME ratio from Equations (6) and (7), respectively, i.e., βf 2s and βf 2h . Stan-
dard errors are shown for the property-liability industry-participation betas and the
slope coefficients. All coefficients are highly statistically significant. Although stan-
dard errors for other industries are not shown, nearly all of the industry-participation
coefficients are also statistically significant.

Focusing on the panel estimates in Table 5, property-liability insurance has a higher
market systematic risk beta, lower firm size beta, and a higher BE/ME beta than all
other industries, based on both the equally weighted and value-weighted results. This
provides further evidence that property-liability stock returns are much more sensitive
to financial distress than stocks in general and that financial distress significantly
increases the cost of capital for property-liability firms. As expected, the log of market
capitalization has a negative coefficient in the equation for the size beta (Equation (6)),
indicating an inverse relationship between firm size and the cost of capital. Likewise,
the coefficient of the log of the BE/ME ratio has the expected positive sign in the
equation for the BE/ME beta (Equation (7)), indicating a positive relationship between
the cost of capital and the book-to-market equity ratio. These results apply to both the
equally weighted and value-weighted regressions.

The full-information costs of capital based on the equally weighted and value-
weighted regressions are shown in sections C and D of Table 5, respectively. In es-
timating the full-information costs of capital, it is necessary to specify values for
market capitalization and the BE/ME ratio in Equations (6) and (7) to obtain the full-
information betas for size and financial distress. In order to focus attention on the
difference between beta coefficients rather than differences in market capitalization
and book-to-market ratios, we used the average values of market capitalization (ME)
and the book-to-market ratio (BE/ME) for property-liability insurers for all cost of
capital estimates shown in Table 5. Thus, the results for other industries should be
interpreted as the costs of capital for firms in those industries that have the same mar-
ket capitalization and book-to-market ratios as the average property-liability insurer
rather than the average cost of capital for firms in those industries.

Based on both the equally weighted and value-weighted estimates, the cost of eq-
uity capital for property-liability insurance is 19.1 percent. Because the FIB estimates
focus only on the property-liability insurance industry component of insurer betas,
the numbers differ from those in Table 3, which presents betas for the entire firm
rather than specific business lines. However, the full-information costs of capital
for property-liability insurance in Table 5 are consistent with the results shown in
Table 3.

Based on the equally weighted results shown in Table 5, the average property-liability
insurer has a significantly higher cost of capital than would a firm with the same
market capitalization and BE/ME ratio specializing in health insurance, finance ex-
cluding insurance, and all other nonfinancial industries but is not significantly differ-
ent from life insurance. Based on the value-weighted results, the average property-
liability insurer has a significantly lower cost of capital than would a firm with the
same market capitalization and BE/ME ratio specializing in life insurance and fi-
nance excluding insurance but significantly higher than for all other nonfinancial
industries.
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The most important implication of Tables 4 and 5 is that the FF3F costs of capital
appear to be substantially larger than the CAPM costs of capital for property-liability
insurers. The FIB FF3F cost of capital for property-liability firms is approximately
19.1 percent, whereas the CAPM cost of capital is about 12 percent. The FF3F model
leads to higher cost of capital estimates for property-liability insurers than the CAPM
for two primary reasons: (1) the FF3F systematic market risk betas in Table 5 are larger
than the comparable CAPM betas in Table 4, and (2) the FF3F model imposes positive
cost of capital premia for small size and financial distress which are not present under
the CAPM. The risk-premium component of the CAPM cost of capital for property-
liability insurers for the equally weighted case in Table 4 is 7.27 percent. For the equally
weighted case in Table 5, the risk-premium from the CAPM beta factor is 9.23 percent,
the risk-premium for the size factor is 0.51 percent, and the risk-premium for the
BE/ME factor is 4.37 percent, for a total risk-premium of 14.16 percent, approximately
twice as large as for the CAPM.21 Clearly, controlling for factors other than systematic
market risk makes a significant difference, with the financial distress premium playing
a pivotal role. This suggests that property-liability insurers relying on the CAPM may
be significantly underestimating the cost of capital and making suboptimal decisions.

Costs of Capital by Line
In this section, we illustrate the use of the FIB method to estimate the cost of capital
by line of property-liability insurance. The results are based on regressions where
we replace the Compustat industry-participation variable for property-liability in-
surers with two or more variables representing line of business distribution within
the property-liability insurance industry. For example, if an insurer has its business
equally distributed among three lines of insurance and has 75 percent of its total rev-
enues from property-liability insurance, we would replace the 75 percent industry-
participation ratio with three line of business participation ratios, each equal to
25 percent. As mentioned above, the line of business data are from the NAIC reg-
ulatory annual statement files.22

21 Because the risk-premium for systematic market risk is the same in Tables 4 and 5, the
difference for the CAPM risk factor is driven entirely by the difference in the CAPM beta
estimates in the two tables. The risk-premia for size and the BE/ME ratio are based on the
average market capitalization and BE/ME ratios for the property-liability insurance firms in
the sample.

22 We calculate the property-liability insurance line-of-business participation weights by multi-
plying the percentage of the firm’s statutory premiums in a particular line of insurance by the
firm’s overall proportion of net sales in the property-liability insurance industry calculated
using the consolidated GAAP revenue data reported in Compustat. An alternative way to cal-
culate the property-liability line-of-business participation weights would have been to divide
the firm’s total statutory premiums in the particular line of insurance by the total net sales for
the firm as reported on Compustat. We do not use this latter method owing to the differences
that exist between GAAP and Statutory accounting rules and because the NAIC data files
only contain information on the insurer’s domestic U.S. business while the GAAP consoli-
dated data contain net sales of the insurer’s domestic and foreign subsidiaries. Our preferred
method makes the assumption that the insurer’s foreign property-liability insurance busi-
ness is divided among the various property-liability lines of insurance in proportions similar
to its domestic business.
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The first by-line cost of capital results, for the personal and commercial lines of
property-liability insurance,23 are presented in Table 6, which shows full-information
CAPM sum-beta costs of capital. The panel regression equally weighted results show a
cost of capital of 12.8 percent for the personal lines and 11.8 percent for the commercial
lines, whereas the ordering is reversed in the value-weighted estimates (10.7 percent
for personal lines and 12.6 percent for commercial lines). The difference is statistically
significant for the value-weighted but not for the equally weighted results. Thus, for
the average insurer, the cost of capital is slightly higher for personal lines, but for the
market as a whole the cost of capital is higher for commercial lines. This may indicate
that the types of commercial business written by larger insurers (e.g., national and
multinational accounts) are more risky than those written by smaller insurers, which
tend to focus on local or regional risks. In addition, it may reflect the superior ability
of larger insurers to cover catastrophic personal line property risks because of their
better capitalization.

The full-information betas and costs of capital for personal versus commercial lines
based on the Fama–French methodology are shown in Table 7. The table shows the
industry-participation beta coefficients for the three risk factors as well as the slope
coefficients for the log of market capitalization and the log of the BE/ME ratio in
the size and financial distress factor regressions. To conserve space, only the value-
weighted coefficient estimates are shown in the table.

As with the CAPM results, the equally weighted cost of capital estimates in Table 7
imply that the cost of capital for the average insurer is slightly larger for personal
lines than for commercial lines, 21.7 percent versus 18.2 percent based on the panel
regression. However, the value-weighted results show the opposite relationship, costs
of capital of 17.6 percent versus 20.5 percent based on the panel regression. These
results thus provide additional evidence to suggest that the commercial lines have a
higher cost of capital than the personal lines for the market as a whole but not for
insurers on average.

The second set of cost of capital decompositions subdivides property-liability in-
surance into automobile insurance, workers’ compensation, and all other property-
liability lines combined.24 This decomposition was chosen to focus on the two most
heavily price-regulated lines—automobile and workers’ compensation insurance.25

The CAPM sum-beta results are reported in Table 8. Based on the equally weighted
panel estimate results, the cost of capital for automobile insurance is slightly higher
than for workers’ compensation (12.6 percent versus 12.3 percent), although this

23 Personal lines of insurance include homeowners, farmowners, earthquake, personal auto-
mobile liability, and automobile physical damage. All other lines of insurance are considered
commercial lines.

24 We also estimated costs of capital for short-tail and long-tail lines of insurance as part of our
research on this article. The results are available from the authors.

25 Automobile insurance includes personal and commercial automobile liability insurance and
automobile physical damage. Further decomposition of the automobile insurance line of
business showed that personal automobile liability (the most heavily regulated automobile
insurance line) had higher costs of capital than automobile insurance in the aggregate (results
available from the authors). Data to decompose automobile physical damage into personal
and commercial components are not available in our data source.



466 THE JOURNAL OF RISK AND INSURANCE

TABLE 6
Full Information CAPM Beta Estimates With Sum Beta Adjustment: Personal Lines vs.
Commercial Lines

Table displays full information CAPM beta estimates for personal lines and commercial lines
property-liability insurance controlling for nonsynchronous trading. Personal lines include all
net premiums written in homeowners, farmowners, earthquake, personal automobile liability,
and automobile physical damage. All others lines were considered commercial lines. The full-
information beta comes from the following cross-sectional regression:

βmi =
∑

βfmj(ωij) + υmi

where βmi is the equity beta estimated using Equation (3) for firm i, β fmj is the estimated full-
information beta for industry j, ωij is the percent of firm i’s net sales in industry j. The regression
is estimated by OLS (equally weighted) and via weighted least squares (market weighted). The
latter is used so we can obtain market-capitalization weighted industry full-information betas.
The weight is equal to the market capitalization of firm i relative to the market capitalization
of all NYSE, AMEX, and Nasdaq stocks. Any firm with an estimated beta greater than 5 or less
than −5 is removed from the sample. The full-information regression was estimated separately
for each calendar year and as a pooled regression across all four years. The risk-free rate of
interest used to estimate the cost of equity capital was the average 30 day T-bill rate over the
time period for this study 1997–2000, 4.93 percent. The long-run historical market risk premium
as of December 2000 was 8.44 percent (Ibottson, 2002).

Panel
1997 1998 1999 2000 Average Estimate

Beta (equally weighted)
Personal lines 1.114 1.007 0.779 0.734 0.908 0.929

(0.263) (0.276) (0.256) (0.258) (0.132)
Commercial lines 0.839 0.853 0.778 0.778 0.812 0.813

(0.156) (0.154) (0.140) (0.149) (0.075)

F-test: β fmPersonal = β fmCommercial 0.630 0.180 0.000 0.020 0.450
Beta (market value weighted)

Personal lines 0.749 0.736 0.446 0.725 0.664 0.686
(0.103) (0.091) (0.137) (0.187) (0.061)

Commercial lines 0.876 0.875 0.955 1.132 0.959 0.914
(0.085) (0.079) (0.106) (0.139) (0.049)

F-test: β fmPersonal = β fmCommercial 0.690 1.040 6.50∗∗∗ 2.200 6.58∗∗

Cost of equity capital (equally weighted)
Personal lines 14.3% 13.4% 11.5% 11.1% 12.6% 12.8%

Commercial lines 12.0% 12.1% 11.5% 11.5% 11.8% 11.8%
Cost of equity capital (market value weighted)

Personal lines 11.3% 11.1% 8.7% 11.0% 10.5% 10.7%
Commercial lines 12.3% 12.3% 13.0% 14.5% 13.0% 12.6%

∗∗∗, ∗∗, ∗significant at the 1, 5, or 10 percent level, respectively. Standard errors in parentheses.

difference is not statistically significant. Based on the value-weighted results, the cost
of capital for automobile insurance is less than for workers’ compensation insurance—
10.3 percent versus 12.4 percent, although again the difference is not statistically sig-
nificant. The cost of capital for all other property-liability (P&L) lines of business is not
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TABLE 7
Full Information Fama–French 3-Factor Estimates With Sum Beta Adjustment: Personal
Lines vs. Commercial Lines

Table displays full information coefficient estimates for the Fama–French 3-Factor model for
personal lines and commercial lines property-liability insurance. Personal lines include all
net premiums written in homeowners, farmowners, earthquake, personal auto liability, and
automobile physical damage. All other lines of business were considered commercial lines.
The full-information betas come from the following cross-sectional system of regressions:

βmi =
∑

βfmj(ωij) + υmi

βsi =
∑

β f 1s j (ωij) + β f 2s ln(MEi) + υsi

βhi =
∑

β f 1hj (ωij) + β f 2h ln(BEi/MEi) + υhi

where βmi, βsi, and βhi are the excess market, firm size, and BE/ME betas, respectively, estimated
using Equation (6) for firm i. βmj, β f 1sj, and β f 1hj are the estimated full-information excess market,
firm size and BE/ME coefficients for industry j, respectively. β f 2s and β f 2h are the size and
BE/ME slope adjustments, respectively. ωij is the proportion of firm i’s net sales in industry j.
The regression is estimated by SUR (equally weighted) and weighted SUR (market weighted).
The latter is used so we can obtain market-capitalization weighted industry full-information
betas. The weight equals the market capitalization of firm i relative to the market-capitalization
of all NYSE, AMEX, and Nasdaq stocks. Stocks with estimated factor coefficients greater than 5
or less than −5 is removed from the sample. The full-information regression was estimated each
calendar year and as a pooled regression across all four years. The risk-free rate of interest used
to estimate the cost of equity capital was the average 30 day T-bill rate of the time period for
this study 1997–2000, 4.93 percent. The long-run historical premia for the excess market return,
the size factor, and the BE/ME factor as of December 2000 were 8.44 percent, 2.35 percent, and
3.85 percent, respectively.

Panel
1997 1998 1999 2000 Average Estimate

Market value weighted estimates
Market systematic risk factor

Personal lines 0.890 1.035 0.979 1.260 1.041 0.995
(0.106) (0.098) (0.143) (0.178) (0.061)

Commercial lines 1.086 1.145 1.249 1.419 1.225 1.175
(0.087) (0.084) (0.110) (0.133) (0.050)

SMB factor
Personal lines 1.532 1.918 1.750 1.531 1.683 1.535

(0.154) (0.138) (0.143) (0.204) (0.078)
Commercial lines 1.845 2.166 1.757 1.501 1.817 1.765

(0.132) (0.120) (0.113) (0.155) (0.065)
Log(Market −0.215 −0.224 −0.180 −0.165 −0.196 −0.192

Capitalization) β f 2s (0.006) (0.005) (0.004) (0.005) (0.003)
HML factor

personal lines 0.226 0.871 1.334 1.237 0.917 0.754
(0.154) (0.180) (0.202) (0.272) (0.099)

(continued)
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TABLE 7
(Continued)

Panel
1997 1998 1999 2000 Average Estimate

Commercial lines 0.611 1.108 0.981 1.268 0.992 0.975
(0.127) (0.155) (0.156) (0.203) (0.081)

Log(Book-to-Market) β f 2h 0.331 0.367 0.247 0.501 0.361 0.381
(0.015) (0.014) (0.011) (0.012) (0.007)

F-test: β fmPersonal = β fmCommercial 1.58 0.58 1.70 0.37 3.99∗∗

F-test: β f 1sPersonal = β f 1sCommercial 2.29 1.77 0.00 0.01 4.60∗∗

F-test: β f 1hPersonal = β f 1hCommercial 2.89∗ 0.80 1.44 0.01 2.30
Cost of equity capital (equally weighted)1

Personal lines 20.8% 21.0% 21.0% 23.3% 21.7% 21.7%
Commercial lines 16.3% 18.8% 17.4% 19.5% 18.1% 18.2%
F-test: rPersonal = rCommercial 1.31 0.21 0.78 0.89 2.86∗

Cost of equity capital (market value weighted)1

Personal lines 12.9% 19.0% 20.2% 22.6% 18.8% 17.6%
Commercial lines 16.8% 21.4% 21.2% 24.0% 21.0% 20.5%
F-test: rPersonal = rCommercial 4.06∗∗ 1.27 0.16 0.22 6.41∗∗∗

∗∗∗, ∗∗, ∗significant at the 1, 5, or 10 percent level, respectively. Standard errors in parentheses.
1Cost of capital estimates are determined using the average market capitalization and average
book-to-market ratio for property-liability insurers for each data year. The average property-
liability insurer had a market capitalization of $1.9 billion and an average book-to-market ratio
of 2.24 over the years 1997–2000.

statistically different from the costs of capital of automobile and workers’ compensa-
tion insurance based on the equally weighted results, but automobile insurance has
a significantly lower cost of capital than all other lines based on the value-weighted
results. Thus, the CAPM costs of capital are about the same for automobile and work-
ers’ compensation insurance but the value-weighted (market-wide) cost of capital for
automobile insurance is significantly lower than for all other lines combined.

Another important inference from Table 8 is that the market-wide (value-weighted)
cost of capital for automobile insurance is significantly lower than the cost of capital for
the average insurer for this line. This result illustrates one of the hazards of insurance
price regulation, which tends to be based on industry-wide costs of capital rather than
costs of capital by firm. As Table 8 indicates, basing prices on industry-wide results
could lead to significant pricing errors for many firms in the industry.

The FF3F full-information beta and cost of capital estimates for automobile insurance,
workers’ compensation, and all other lines are presented in Table 9. As in Table 7, only
the value-weighted beta estimates are shown in order to conserve space. However,
both equally weighted and value-weighted costs of capital are shown in the table. The
results in Table 9 show that the FF3F method again leads to cost of capital estimates that
are significantly higher than the CAPM cost of capital estimates (Table 8). For example,
the equally-weighted panel estimate costs of capital are 20.7 percent for automobile
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insurance, 18.0 percent for workers’ compensation, and 18.6 percent for all other
lines, compared to 12.6 percent for auto, 12.3 percent for workers’ compensation, and
11.7 percent for all other lines based on the CAPM. The value-weighted FF3F estimates
are also higher than those for the CAPM.

The results in Table 9 also suggest that failure to recognize sources of risk other than
the CAPM market systematic risk factor could lead to significant underpricing in reg-
ulated lines. The results reinforce the conclusion based on Table 8 that the industry-
wide cost of capital is significantly lower than the average-firm cost of capital for
automobile insurance; and in Table 9 this relationship also holds for workers’ com-
pensation. Thus, basing regulated prices on industry-wide costs of capital is likely to
be value-destroying for the average firm in the industry.

CONCLUSIONS

This article investigates the estimation of the cost of equity capital for property-liability
insurers using a relatively new methodology, the FIB approach. The method is de-
signed to obtain the cost of capital for a division or line of business of a firm, where
the divisions of the firm are not publicly traded. Estimating the cost of capital by line
is important because costs of capital are known to vary significantly for different types
of economic activities. Using an incorrect cost of capital can lead to the destruction of
firm value through incorrect project decision making and pricing decisions.

The FIB procedure estimates the divisional cost of capital by obtaining the beta coef-
ficients for a sample of firms and then regressing the betas cross-sectionally against
variables measuring each firm’s business composition across industries. The business
composition variables used in this study are the ratios of the revenues coming from
each industry divided by total revenues from all industries. The estimated regression
coefficients are interpreted as full-information betas.

Beta coefficients are estimated using two principal cost of capital models in order
to implement the full-information beta approach—CAPM and the FF3F model. The
CAPM includes a single risk factor representing the firm’s exposure to systematic
market risk. The FF3F model adds risk factors for firm size (total market capitalization)
and the financial distress of the firm, proxied by the ratio of the book value (BE) of
equity to the market value (ME) of equity. Based on prior empirical research, firm
size is expected to be inversely related to the cost of capital, and the BE/ME ratio is
expected to be positively related to the cost of capital. In estimating the beta coefficients
for the CAPM and the FF3F method, we utilize the sum-beta procedure to adjust for
infrequent trading—this is especially important in property-liability insurance, where
many stocks are characterized by infrequent trading.

To estimate the full-information betas for the property-liability insurance industry, we
utilize a sample consisting of all Compustat firms for the estimation period from 1997
through 2000. The sample includes 172 publicly traded firms writing property-liability
insurance. Industry-participation variables are included for all two-digit industries
defined by the NAICS. The coefficient of the industry-participation ratio for a particu-
lar industry is then interpreted as the full-information beta coefficient for that industry.
For the CAPM, only one FIB regression is conducted, with the market systemic risk
factor (beta) as the dependent variable. For the FF3F method, three FIB regressions
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are estimated, one for each of the three factors in the Fama–French model. The beta
regressions for the Fama–French size and BE/ME risk factors also include the log of
each firm’s market capitalization and the log of the BE/ME ratio, respectively, as re-
gressors to control for the negative (positive) relationship between the size (BE/ME)
beta and market capitalization (BE/ME ratio), respectively, and the betas for size and
financial distress.

In the first set of full-information beta regressions considered in the article, we estimate
the full-information betas for the entire property-liability insurance industry using
only Compustat data to obtain the industry-participation ratios. In the second set of
regressions, we utilize data from the NAIC to break down the revenues of property-
liability insurers by line of insurance. We estimate full-information betas for two
insurance-line groupings—(1) personal versus commercial lines, and (2) automobile
insurance versus workers’ compensation versus all other lines.

The primary conclusions of the article are the following:

1. It is important to use the sum-beta technique to control for infrequent trading
when estimating betas for the property-liability insurance industry under both
the CAPM and FF3F methods. Failure to adjust for this problem is likely to lead
to underestimation of the cost of capital.

2. The cost of capital estimates from the FF3F method are significantly higher than the
estimates based on the CAPM. Hence, failure to adjust for firm size and financial
distress could lead to significant underestimation of the cost of capital.

3. The cost of capital varies significantly by line of insurance and also varies between
large and small insurers. Thus, it is important to consider firm and line-specific
costs of capital in applications such as project selection and pricing.

4. Value-weighted estimates of the cost of capital often differ significantly from
equally weighted estimates. Thus, basing price regulation on industry-wide re-
sults rather than costs of capital by firm may lead to significant pricing errors for
many firms in the industry.

In general, the full-information beta approach provides a reliable method for esti-
mating costs of capital by line for property-liability insurers. The method is likely to
obtain the most reliable results if it is used with the sum-beta adjustment and the FF3F
method.

Full-information betas can be used by insurers in a variety of contexts, including the
estimation of RAROC, insurance pricing, and decision making about entering or ex-
iting lines of business. Full-information costs of capital also could be used to evaluate
potential merger, acquisition, and divestiture transactions. Another important advan-
tage is that the full-information model can be used to estimate the cost of capital for
insurers that do not have traded equity, including mutuals, reciprocals, and untraded
stock insurers. The findings also will be useful to researchers seeking to identify the
determinants of cross-sectional pricing differences across insurers.

Finally, it is also important to note that cost of capital estimates vary over time for
a variety of reasons. For example, changes in interest rates as well as changes in
economic conditions may affect estimated beta coefficients. Variability also arises
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because property-liability insurers are impacted by a variety of economic and regu-
latory factors affecting both underwriting and investment results that can change the
relationship between their stock returns and the market return factors in the CAPM
and FF3F models. Estimates that are unusually high or low by historical standards
also can occur due to random variation inherent in the estimation of any regression
model. Accordingly, judgment will be needed in practical applications of the method-
ology proposed in this article. For example, it is recommended that the cost of capital
be estimated for several years prior to the period in which the estimates will be used
and that averages of the cost of capital over some reasonable period be employed in
order to smooth somewhat the fluctuations in beta estimates over time. Thus, capi-
tal budgeting decisions based upon a sound theoretical framework coupled with the
expert discretion should lead to better pricing and project selection decisions.
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