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ABSTRACT
This dissertation includes two chapters. In Chapter 1, “Information Risk and the
Cost of Equity Capital Revisited: Evidence from the U.S. Property-Casualty Insurance
Industry”, I revisit the relationship between information risk and the cost of equity capital
in the U.S. property-casualty (P-C) insurance industry. Eckles, Halek and Zhang (2014)
find that information risk has no effect on the cost of equity using a sample of U.S. P-C
insurers. Following their approach, we decompose information risk into innate and
discretionary components. I find that innate information risk affects the cost of equity
capital through two opposing channels. On the one hand, innate information risk directly
increases an insurer’s cost of equity capital by increasing investors’ assessment of the
riskiness of the insurer’s future cash flows. On the other hand, innate information risk
indirectly decreases the insurer’s cost of equity capital by changing its production so that
the assessed riskiness of the firm’s future cash flows are reduced. This (negative) indirect
effect depends on factors that influence the insurer’s underwriting decisions. My empirical
results provide supporting evidence for a significant, positive direct effect of innate
information risk, while the magnitude of the (negative) indirect effect increases with the
insurer’s proportion of long-tail business and decreases with its affiliated reinsurance usage.
As to the impact of discretionary information risk, my results are mixed. I also find that,
on average, the overall effect of information risk on the cost of equity capital for propertycasualty insurers is significant and negative.
In Chapter 2, “Coordination of Capital, Earnings, and Taxes in the U.S. PropertyCasualty Insurance Industry”, I investigate how property-casualty (P-C) insurers manage
discretionary tools to achieve regulatory capital, earnings, and tax planning goals. I
ii

examine one accrual tool, loss reserve errors, together with two real transaction tools:
realized capital gains (losses) from investment sales, and capital contributions. I find that
when P-C insurers have lower pre-managed capital levels, managers will report incomeincreasing loss reserve errors, recognize more realized capital gains and receive more
capital contributions. When P-C insurers have lower pre-managed earnings, managers will
report income-increasing loss reserve errors. When P-C insurers have higher marginal tax
rates, managers will report income-decreasing loss reserve errors and recognize more
realized capital losses. Moreover, I analyze the effect of ownership structures on the degree
of managerial discretion for various reporting goals. My analysis includes three different
types of ownership structures: public, private stock and mutual firms. I find that, through
the use of capital contributions, public firms are more aggressive in capital management,
while mutual firms are less aggressive in capital management than private stock firms. In
terms of using the other two tools, compared to private stock firms, public firms do not
manage capital less aggressively; they do not manage earnings more aggressively; they do
not manage taxes less aggressively. Compared to private stock firms, mutual firms are less
aggressive in capital management; they are more aggressive in earnings management; they
are less aggressive in tax management.
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CHAPTER 1
INFORMATION RISK AND THE COST OF EQUITY CAPITAL REVISITED:
EVIDENCE FROM THE U.S. PROPERTY-CASUALTY INSRUANCE
INDSUTRY
1.1. Introduction
This study examines the impact of information risk on a firm’s cost of equity both
theoretically and empirically. Information risk refers to the risk that firm-specific
information used to assess a firm’s cost of equity (among other metrics) may be inaccurate
or incomplete.1 I follow the previous literature (e.g., Francis et al. 2005, hereafter FLOS;
Eckles, Halek and Zhang, 2014, hereafter EHZ) to decompose information risk into innate
and discretionary components. 2 Assuming no agency conflicts, I develop a theoretical
model, in the same vein as Lambert, Leuz, and Verrecchia (2007, hereafter LLV), to
illustrate two competing effects of innate information risk on the cost of equity capital. I
then extend EHZ’s empirical framework to examine these two competing effects using a
sample of U.S. property-casualty insurers.
This research is motivated by the mixed results in the theoretical and empirical
literature concerning the impact of information risk on a firm’s cost of equity. Recent
theoretical models argue that information risk is a non-diversifiable risk factor (Easley and
O’Hara, 2004; O’Hara, 2003; Leuz and Verrecchia, 2004). Therefore, information risk
should have a positive impact on the cost of equity. Empirical findings regarding the effect
of information risk on the cost of equity capital are mixed, however. Easley, Hvidkjaer,
1

Early asset pricing literature argued that investors did not need to be concerned with information risk
because it is idiosyncratic and fully diversifiable (Fama, 1991).
The innate component is driven by the firm’s business model and operating environment, while the
discretionary component is associated with managerial choices (e.g., Francis et al., 2005; Eckles, Halek and
Zheng, 2014).
2

1

and O’Hara (2002), FLOS (2005), Ashbaugh-Skaife et al. (2009), and Kim and Qi (2010)
find a positive effect of information risk on the cost of equity capital, while Core, Guay,
and Verdi (2008) and Mohanram and Rajgopal (2009) find that the impact is not significant.
To the best of my knowledge, EHZ is the only paper that examines the relationship between
information risk and the cost of equity capital using a sample of U.S. property-casualty
insurers. They find that information risk has no effect on the cost of equity.
In a recent theoretical paper, LLV posit that in addition to a direct effect,
information risk can affect the cost of equity indirectly by affecting a firm’s real
(production or investment) decisions. More specifically, information risk directly affects a
firm’s cost of equity by changing investors’ assessed covariance of its future cash flows
with the market’s total cash flows. On the other hand, information risk indirectly affects
the firm’s cost of equity by changing its real decisions and, thus, the assessed riskiness of
the firm’s future cash flows.
LLV note that information risk can simultaneously affect investors’ posterior
beliefs about a firm’s expected cash flow and its covariance with the market’s overall cash
flows. Such changes in the mean and covariance are not likely to be perfectly offsetting so
that the firm’s cost of equity is unchanged. However, their discussion singles out the effect
of information risk on the covariance term (Gao, 2010; Johnstone, 2016). In the spirit of
LLV (2007), I develop a similar model to explore the direct and indirect effects of
information risk on the cost of equity, and more importantly, I take into account the changes
in both mean and covariance when information risk is present. I assume no agency
problems, so my model applies to innate information risk only. I show that under certain

2

conditions the direct effect is positive while the indirect effect is negative, so the overall
effect of innate information risk on the cost of equity is indeterminate a priori.
Generally, in empirical studies, information risk is related to an accrual quality (AQ)
measure. That is, usually, a firm’s financial statements contain accruals that are used to
adjust for the recognition of cash flows over time. In practice, financial statements under
Generally Accepted Accounting Principles (GAAP) are not required to report the
realization of accruals, making it difficult to track the estimation errors in accruals.
Therefore a regression model is typically used in order to estimate abnormal accruals (e.g.,
Dechow and Dichev, 2002; Francis et al., 2005). The volatility of these estimated abnormal
accruals becomes a measure of accruals quality (and proxy for information risk).
However, realization of an important accrual for property-casualty insurers is
available from insurers’ statutory accounting statements, i.e., loss reserves. Unlike
estimated abnormal accruals used in other industries, loss reserve errors are actual
abnormal accruals, making the U.S. property-casualty insurance industry a natural setting
for research on information risk (EHZ, 2014). Loss reserves are an insurer’s estimated
liabilities for unpaid claims for all losses that occurred prior to the balance sheet date. They
are an insurer-specific accrual, generally accounting for over fifty percent of an insurer’s
total liabilities. Reserves are challenging to estimate in practice, as not all claims for current
period losses are filed or settled by the balance sheet date. However, estimation errors made
in the initial establishment of loss reserves are eventually identified as insurers are required
to report actual losses realized from earlier years in subsequent statutory financial
statements. Hence, loss reserve errors provide an exceptionally reliable measure of
estimation errors (e.g., Petroni, 1992; Petroni and Beasley, 1996; Nelson, 2000; Beaver,
3

MacNichols, and Nelson, 2003; Gaver and Paterson, 2004; Grace and Leverty, 2012). Thus
I use the volatility of loss reserve errors to measure information risk for property-casualty
insurers (EHZ, 2014).
I expect that innate AQ and discretionary AQ are positively related to the cost of
equity, ceteris paribus. However, I also expect a negative, indirect effect of innate AQ
resulting from a simultaneous change in the firm’s production. The primary function of
property-casualty insurers is underwriting of risk. To capture the indirect effect, then, I
include variables that influence an insurer’s underwriting decisions and then interact these
variables with innate AQ. The variables subject to interaction are the proportion of business
in long-tail lines and the proportion of reinsurance ceded to affiliates.3 I predict that the
magnitude of the (negative) indirect effect increases with the proportion of business in
long-tail lines and decreases with the proportion of affiliated reinsurance.4
By way of preview, I find supporting evidence that innate AQ positively contributes
to the cost of equity capital via a direct effect. However, there is an opposite, indirect effect
of innate AQ arising from the insurer’s underwriting activities (i.e., real decisions). I find
that the magnitude of the (opposite) indirect effect of innate AQ increases as an insurer
writes a higher proportion of business in long-tail lines or cedes a lower proportion of
reinsurance to its affiliates. There is some evidence that discretionary information risk
increases the cost of equity capital. Putting everything together, my results show that the

3

My theoretical model assumes no agency conflicts. Therefore, the model predictions regarding the two
competing effects apply to innate AQ only. Therefore, I interact these control variables with innate AQ but
not with discretionary AQ.
4

Robustness tests (untabulated) show that the indirect effect on the cost of equity capital is less pronounced
for reinsurance ceded in general than for affiliated reinsurance ceded. Long-tail lines refer to lines for which
there is a long period between premium receipt and payment of losses.
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overall effect of information risk on the cost of equity capital for my property-casualty
insurer sample is significant and negative on average.
This paper contributes to the existing literature in several ways. First, I develop a
theoretical model that captures the direct effect and the (opposite) indirect effect of innate
information risk on the cost of equity capital. I do this for an economy where the firm’s
market value and production decisions are simultaneously determined in a rational
expectations equilibrium. My model differs from that in LLV (2007) because I consider
the changes in the mean of the firm’s cash flow and its covariance with the market’s overall
cash flows that are caused by information risk whereas LLV only consider how information
risk affects the covariance. Second, this paper is the first to empirically test for these
competing effects using a sample of U.S. property-casualty insurers. My measure of
information risk should more accurately measure accruals quality than the one used in the
general accounting literature. My findings add new evidence on how information risk
affects the cost of equity capital via direct and indirect channels.5
The remainder of the paper is organized as follows. Section 1.2 provides a review
of the extant literature. Section 1.3 presents a theoretical model to analyze the direct and
indirect effects of innate AQ on the cost of equity capital. Section 1.4 formulates empirical
hypotheses based on the model predictions. Section 1.5 and 1.6 describe the empirical
methodologies and the sample data, respectively. Section 1.7 discusses the empirical
results. Section 1.8 concludes.

5

Core, Hail, and Verdi (2015) empirically find a negative direct effect of disclosure quality on the cost of
equity capital and a positive indirect effect via inside ownership, implying that disclosure quality and inside
ownership are governance substitutes to align incentives between managers and investors. My study is
different from theirs in that I focus on the indirect effect via firms’ production decisions.

5

1.2. Literature Review
Early mainstream asset pricing theory suggests that information risk is idiosyncratic
in nature and thus fully diversifiable by investors, so it should not factor into the cost of
equity capital (Fama, 1991). This traditional view, however, has been challenged by recent
theoretical studies. For example, Easley and O’Hara (2004) show that the composition of
information (public versus private) affects investors’ required rates of return and, thus, the
cost of equity capital. Informed investors can benefit from adjusting their portfolios based
on the private information they receive, hence uninformed investors demand a higher return
because they are bearing more information risk. LLV call into question this result. They
argue that, under the assumption of independently distributed cash flows across all firms
as in Easley and O’Hara (2004), information risk is diversifiable and hence vanishes as the
number of investors becomes large. By relaxing the assumption of independently
distributed cash flows, they demonstrate that information quality affects a firm’s cost of
equity capital. The cost of equity capital is directly affected by the market participants’
assessment of the distribution of future cash flows and indirectly affected by the attendant
effect on the firm’s real decisions (e.g., its production or investment activities). Later,
Lambert, Leuz, and Verrecchia (2012) argue that information asymmetry is priced into the
cost of equity capital when equity markets are imperfectly competitive, but this effect
disappears when markets become perfectly competitive.
Empirically, FLOS (2005) decompose AQ into an innate component driven by the
firm’s business model and operating environment and a discretionary component driven
by managerial decisions. They show that innate AQ has a larger effect on the cost of equity
capital than discretionary AQ. Core, Guay, and Verdi (2008) argue that FLOS’ regressions
6

contain a contemporaneous relation between excess returns and factor returns, thus the
regression results cannot be used to test the hypothesis that AQ is priced into the cost of
equity capital. Instead, Core, Guay, and Verdi (2008) use a two-stage cross-sectional
regression technique and find no evidence that AQ is priced into equity costs. Using the
same empirical methodology, Kim and Qi (2010) find that the AQ risk factor is priced into
the cost of equity, after controlling for low-priced stocks. They also find that this positive
pricing effect is prominent for total AQ and innate AQ but not for discretionary AQ.
In addition to accruals quality, alternative measures of information risk have also
been developed. Easley, Hvidkjaer, and O’Hara (2002) use the probability of informationbased trading (PIN) to proxy for information risk.6 They estimate this probability using
individual NYSE-listed stocks from 1983 to 1998 and find a significantly positive effect
of information risk on stock returns. Mohanram and Rajgopal (2009), however, fail to find
this effect by using different model specifications and time periods. They suggest that the
PIN factor cannot be definitively viewed as a measure of information risk since the
relationship between the PIN factor and the cost of equity capital is not robust. AshbaughSkaife et al. (2009) proxy information quality by changes in internal control quality and
find a negative relationship between information quality and the cost of equity capital. 7
Information risk is negatively related to information quality, hence a positive relationship
between information risk and the cost of equity capital is implied.

6

The PIN measure is a firm-specific estimate of the probability that a trade order originates from an investor
who is privately informed. It captures the extent of information asymmetry among investors, because Easley,
Hvidkjaer, and O’Hara (2002) and Easley and O’Hara (2004) regard information asymmetry as the result of
the existence of privately informed investors.
7

Firms that disclose internal control deficiencies (ICD) under SOX section 302 and section 404 are
considered to have poor-quality financial information.
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EHZ (2014) examine the relationship between information risk and the cost of
equity capital using a sample of U.S. property-casualty insurers. They argue loss reserve
errors in the insurance industry provide a better proxy for information risk than do standard
accounting abnormal accruals. They find that information risk has no effect on the cost of
equity capital. However, the authors cannot rule out the possibility that the insignificant
results are due to the small sample size. The present study may resolve this problem by
using a larger number of observations.
1.3. Model
In this section, I develop a theoretical model in the same vein as that presented by
LLV. While LLV focus their discussions on the change in the covariance of the firm’s cash
flow with the market’s overall cash flows, I consider the impact of information risk on both
the firm’s assessed cash flow and its covariance. This model applies to innate information
risk only, because I assume no agency problems. Therefore, unless clarified, information
risk in my model refers to innate information risk. I disentangle the direct effect of innate
information risk on the cost of equity from its indirect effect. The indirect effect is shown
to be related to the firm’s real decisions for production/investment. I show that under
certain conditions these two effects have different signs, and thus the overall effect depends
on which one dominates. To save space, the proof of all propositions are included in
Appendix A.
1.3.1. Basic Setup
I consider an economy with J firms in a perfectly competitive market. Let 𝑃𝑗
represent the market value of firm j at the beginning of the period and 𝑉̃𝑗 the uncertain endof-period total cash flow for firm j. The rate of return on a firm j’s stock, 𝑅̃𝑗 , is then equal
8

̃

𝑉 −𝑃
to 𝑅̃𝑗 = 𝑗𝑃 𝑗 . I define the cost of equity capital to be the expected rate of return,
𝑗

̃

𝐸(𝑉𝑗 |Φ)−𝑃𝑗
𝐸(𝑅̃𝑗 |Φ) =
, where Φ is the information set available to market participants for
𝑃
𝑗

assessing the distribution of future cash flows. Figure 1.1 summarizes the time line of
events in the model.
t = 0−
Firm observes and
discloses a signal z.

t=0

t=1

Firm chooses production k. Firm’s
market value P is determined.

Firm’s cash flow
V is realized.

Figure 1.1. The Time Line of Events
Denote 𝑍̃𝑗 as noisy information about the profitability of firm j’s production, 𝜋̃𝑗 .
This information is modeled as an unbiased estimator of 𝜋̃𝑗 with the following form:
𝑍̃𝑗 = 𝜋̃𝑗 + 𝜀̃𝑗 ,

(1)

where 𝜀̃𝑗 is the “noise” or “measurement error” in the information. 8 I assume that 𝜋̃𝑗 is
normally distributed with mean 𝜋0𝑗 and variance 𝛼𝑗 ; 𝜀̃𝑗 is normally distributed with mean
0 and variance 𝛽𝑗 ; and 𝜀̃𝑗 is independent of 𝜋̃𝑗 . 𝛽𝑗 here measures information risk, my main
variable of interest. As 𝛽𝑗 decreases, the firm has more accurate information about its
marginal profitability.
For illustrative purposes, I consider a special case in which only firm j observes this
information about the profitability of its production. Suppose at time 𝑡 = 0− , firm j’s
manager observes the information z, which is a realization of the noisy information 𝑍̃𝑗 .

z is the realization of the noisy signal 𝑍̃𝑗 about the marginal profitability 𝜋̃𝑗 . Without loss of generality, I
assume z > 0.
8
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Upon observing 𝑧, firm j’s manager chooses a production quantity 𝑘𝑗 at time 𝑡 = 0. For
insurers, this decision could be the volume of business it opts to write and/or which lines
of business to write in. I assume no agency conflicts, so the manager’s production decision
maximizes the firm’s market value. I further assume that firm j’s end-of-period total cash
flow is linear in the amount produced:
𝑉̃𝑗 = 𝑘𝑗 𝜋̃𝑗 .

(2)

That is, the firm’s production is assumed to exhibit constant returns to scale (CRS). This
assumption of CRS is consistent with some empirical studies on insurance efficiency
(Cummins and Weiss, 2013).
At the same time, the manager also discloses the observation 𝑧 to investors (via a
report or a forecast). I assume that N investors compete to hold shares in each firm, and
investors are risk-averse and have a CARA utility function of wealth, i.e.,
1

𝑈(𝑊) = 𝜏 (1 − 𝑒𝑥𝑝[− 𝜏 𝑊]),

(3)

where W is the wealth level and 𝜏 > 0 is each investor’s constant risk tolerance. Based on
the observation 𝑧, each investor decides her demand for ownership in J firms so as to
maximize her utility. Market clearing yields the firm’s market value 𝑃𝑗 .
1.3.2. Equilibrium
In my model, both the firm’s market value and its production decision are
simultaneously determined in a rational expectations equilibrium.
Definition 1. A rational expectations equilibrium consists of a production decision 𝑘𝑗 (𝑧)
and a market value 𝑃𝑗 (𝑧), such that, for any realized signal 𝑧, the pair (𝑘𝑗 (𝑧), 𝑃𝑗 (𝑧))
satisfies:
10

(i) 𝑃𝑗 (𝑧) clears the market;
(ii) Firm j chooses 𝑘𝑗 (𝑧) to maximize 𝑃𝑗 (𝑧).
Following LLV, the market value and the optimal production decision, given
information 𝑧, are provided in Proposition 1.
Proposition 1. For any realized signal 𝑧, there exists an equilibrium (𝑘𝑗 (𝑧), 𝑃𝑗 (𝑧)):
1

𝑃𝑗 (𝑧) = 𝐸[𝑉̃𝑗 |𝑧] − 𝑁𝜏 𝑐𝑜𝑣[𝑉̃𝑗 , ∑𝐽𝑚=1 𝑉̃𝑚 |𝑧]
1
= 𝑘𝑗 (𝑧)𝐸[𝜋̃𝑗 |𝑧] − 𝑁𝜏 [𝑘𝑗 (𝑧)2 𝑉𝑎𝑟[𝜋̃𝑗 |𝑧] + 𝑘𝑗 (𝑧)𝑐𝑜𝑣[𝜋̃𝑗 , ∑𝑚≠𝑗 𝑉̃𝑚 |𝑧]],

𝑘𝑗 (𝑧) =

1
̃𝑚 |𝑧]
̃ 𝑗 ,∑𝑚≠𝑗 𝑉
𝑐𝑜𝑣[𝜋
𝑁𝜏
2
̃ 𝑗 |𝑧]
𝑉𝑎𝑟[𝜋
𝑁𝜏

̃ 𝑗 |𝑧]−
𝐸[𝜋

,

(4)
(5)

where
𝐸[𝜋̃𝑗 |𝑧] =

𝛼𝑗 𝑧+𝛽𝑗 𝜋0𝑗
𝛼𝑗 +𝛽𝑗

𝑉𝑎𝑟[𝜋̃𝑗 |𝑧] = 𝛼

𝛽𝑗

𝑗 +𝛽𝑗

=𝛼

𝛼𝑗

𝑗 +𝛽𝑗

𝑧+𝛼

𝛽𝑗

𝑗 +𝛽𝑗

𝜋0𝑗 ,

(6)

𝛼𝑗 ,

(7)

𝛽𝑗
𝛽𝑗
𝑐𝑜𝑣[𝜋̃𝑗 , ∑𝑚≠𝑗 𝑉̃𝑚 |𝑧] = 𝑐𝑜𝑣[𝜋̃𝑗 , ∑𝑚≠𝑗 𝑉̃𝑚 ] 𝛼 +𝛽
≡ 𝛼 +𝛽
𝜌𝑗 .
𝑗

𝑗

𝑗

(8)

𝑗

Equations (6) – (8) are derived from the Bayes’ Theorem. Equation (6) suggests
that investors’ mean posterior belief about the marginal profitability is a weighted average
of the signal, z, and the mean prior forecast, 𝜋0𝑗 . The weight on z is 𝛼

𝛼𝑗

𝑗 +𝛽𝑗

1/𝛽𝑗
1/𝛼𝑗 +1/𝛽𝑗

(or equivalently,

), which is the ratio of the degree of precision for the noise in the information to

the degree of precision for the posterior belief. I can interpret it as the relative degree of
reliability of the noisy information. The weight on 𝜋0𝑗 (𝛼

𝛽𝑗

𝑗

1/𝛼𝑗

, or equivalently, 1/𝛼
+𝛽
𝑗

𝑗 +1/𝛽𝑗

)

can be interpreted similarly as the relative degree of reliability of the prior belief. When
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information risk (𝛽𝑗 ) increases, investors naturally put less trust on the noisy information
and more trust on the prior belief, leading to a change (sign undetermined) in the mean
posterior belief about the marginal profitability. Equations (7) and (8) indicate that the
posterior variance and covariance are proportional to the prior variance and covariance,
with

𝛽𝑗
𝛼𝑗 +𝛽𝑗

1/𝛼𝑗

(or 1/𝛼

𝑗 +1/𝛽𝑗

, the relative degree of reliability of the prior belief) as the scalar.

When information risk (𝛽𝑗 ) increases, investors put more trust on the prior belief, leading
to an increase in the posterior variance and covariance.
1.3.3. Information Risk and Cost of Equity Capital
Definition 2. The cost of equity capital for firm j is defined as
̃

𝐸[𝑉 |𝑧]−𝑃
𝐸[𝑅̃𝑗 |𝑧] ≡ 𝑗𝑃 (𝑧) 𝑗
𝑗

(𝑧)

1

= 𝑁𝜏𝐻(𝑧)−1,

(9)

where
𝐻(𝑧) =

̃𝑗 |𝑧]
𝐸[𝑉
̃𝑗 ,∑𝐽
̃
𝑐𝑜𝑣[𝑉
𝑚=1 𝑉𝑚 |𝑧]

=

̃ 𝑗 |𝑧]
𝐸[𝜋
𝐽
̃𝑚 |𝑧]
̃ 𝑗 ,∑𝑚=1 𝑉
𝑐𝑜𝑣[𝜋

= (𝑘

𝛼𝑗 𝑧
𝑗 (𝑧)𝛼𝑗 +𝜌𝑗 )𝛽𝑗

+𝑘

𝜋0𝑗
𝑗 (𝑧)𝛼𝑗 +𝜌𝑗

.

(10)

In Definition 2, 𝐻(𝑧) is the ratio of firm j’s expected cash flow to the assessed
covariance of its cash flows with the market’s overall cash flows (i.e., its contribution to
market risk).9 In other words, 𝐻(𝑧) represents firm j’s expected cash flow per unit of its
riskiness. It is negatively associated with the firm’s cost of equity capital. It can be seen
that information risk affects 𝐻(𝑧), and thus the cost of equity capital, in two ways. On the
one hand, holding the firm’s production 𝑘𝑗 (𝑧) constant, information risk has a direct effect
on the cost of equity by affecting investors’ assessed expected cash flows and its covariance

9

Unless stated otherwise, expectation (variance, or covariance) refers to ex post expectation (variance, or
covariance) conditional on the realized signal z.
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with the market’s overall cash flows. Recall that investors’ mean posterior beliefs about
the marginal profitability is a weighted average of the realized signal, z, and the mean prior
forecast, 𝜋0𝑗 . The first part of the forecast in equation (6) (i.e., 𝛼

𝛼𝑗

𝑗 +𝛽𝑗

𝑧) decreases with

information risk (βj) while the assessed covariance increases with βj, and the second part
(i.e., 𝛼

𝛽𝑗

𝑗 +𝛽𝑗

𝜋0𝑗 ) increases with βj at the same rate as investor’s assessed covariance (see

equations (7) and (8)). So the direct effect of information risk on 𝐻(𝑧) is negative, which
means that it has a positive, direct effect on the cost of equity capital.
On the other hand, information risk affects the cost of equity capital indirectly via
the firm’s production decision. Given the increased cost of equity capital resulting from
higher information risk, the firm will cut its production, 𝑘𝑗 (𝑧) (see equation (5)).10 The
reduction in 𝑘𝑗 (𝑧) decreases investors’ assessment of the firm’s contribution to market risk,
leading to an increase in 𝐻(𝑧) (see equation (10)) and a decrease in the cost of equity
capital. The above discussion results in Proposition 2:
Proposition 2. There exists two effects of information risk on the cost of equity capital:
𝑑𝐸[𝑅̃𝑗 |𝑧]
𝑑𝛽𝑗

=

𝜕𝐸[𝑅̃𝑗 |𝑧]
𝜕𝛽𝑗

+

𝜕𝐸[𝑅̃𝑗 |𝑧] 𝜕𝑘𝑗 (𝑧)
𝜕𝑘𝑗 (𝑧)

𝜕𝛽𝑗

.

(11)

Under some conditions, the direct effect of information risk on the cost of equity
capital is positive (i.e.,

𝜕𝐸[𝑅̃𝑗 |𝑧]
𝜕𝛽𝑗

> 0), while the indirect effect of information risk on the

cost of equity capital via changing the production decision is negative (the increase in

10

Insurers are motivated to optimize risk and return of future cash flows since insurers need a sufficient
capital buffer for risk-taking but raising capital is costly (e.g., Mankai and Belgacem, 2016).
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information risk reduces the firm’s production, i.e.,

𝜕𝑘𝑗 (𝑧)
𝜕𝛽𝑗

production in turn decreases the cost of equity capital, i.e.,

< 0 , and this decrease in

𝜕𝐸[𝑅̃𝑗 |𝑧]
𝜕𝑘𝑗 (𝑧)

> 0).

The overall effect of innate information risk on the cost of equity capital is thus
ambiguous, depending on the tradeoff between the direct and indirect effects. When the
indirect effect dominates the direct effect, the overall effect can be negative, causing the
cost of equity capital to decrease with information risk. 11
1.4. Hypotheses
FLOS suggests that information risk can be decomposed into two components:
innate AQ and discretionary AQ. Innate AQ arises from the uncontrollable features of the
firm or the firm’s industry (e.g., the difficulty of estimating property-casualty insurers’
reserves). Discretionary AQ, however, represents risk from managerial decisions (e.g.,
accounting choices, managerial error, etc.). The prediction about the positive, direct effect
of AQ applies to both innate AQ and discretionary AQ, since the direct effect of AQ can
be derived without considering its impact on the firm’s production decision (see LLV).
However, the prediction about the opposite, indirect effect of AQ applies to innate AQ only,
because the assumption of no agency conflicts is essential in my theoretical model. That is,
I assume that the manager maximizes the firm’s value by choosing an optimal production
amount.

The direct effect is positive under the condition 𝜌𝑗 > −𝑁𝜏(𝛼𝑗 𝑧⁄𝛽𝑗 + 𝜋0𝑗 ). My empirical results provide
supporting evidence that the negative indirect effect outweighs the positive direct effect, leading to an overall
negative effect of innate AQ on the cost of equity. When 𝜌𝑗 < −𝑁𝜏(𝛼𝑗 𝑧⁄𝛽𝑗 + 𝜋0𝑗 ), the direct effect becomes
negative. Combined with the negative indirect effect, the overall effect is negative as well.
11

14

Proposition 2 lays a foundation for my empirical hypotheses concerning the impact
of innate AQ on the cost of equity capital. Intuitively, the quality of accounting information
affects market participants’ assessment of the distribution of the firm’s future cash flows.
Particularly, as information quality improves, investors’ assessment of the covariance of
an insurer’s cash flows with all cash flows in the market decreases.12 This implies that the
contribution of this insurer’s cash flows to the overall riskiness of the market goes down;
thus investors require a lower expected rate of return for the lower risk. Therefore, holding
production quantity constant, higher innate AQ directly increases the cost of equity capital
𝜕𝐸[𝑅̃𝑗 |𝑧]

(i.e.,

𝜕𝛽𝑗

> 0). This leads to my first testable hypothesis.

Hypothesis 1: Ceteris paribus, the cost of equity capital increases with innate AQ
due to a direct effect.
In addition to this direct effect, innate AQ also affects the cost of equity capital
through the firm’s real decisions. Specifically, if the firm’s manager anticipates this direct
effect and adjusts her production decision accordingly, the change in production can further
impact investors’ assessment of the riskiness of the firm’s future cash flows (i.e., the
variance of the firm’s cash flows and its covariance with the sum of other firms’ cash flows
in the market), leading to an indirect effect on the firm’s cost of equity capital. For example,
if an insurer began to underwrite medical malpractice insurance (a risky line), it would
become more difficult to estimate loss reserves, indicating a higher innate AQ. The
insurer’s cost of equity increases as a direct consequence. In the meantime, the increased
cost of equity makes the insurer change its production in other lines in order to at least

12

Equation (8) shows the covariance increases with information risk and thus decreases with information
quality.
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partially offset the increased riskiness of writing medical malpractice. This, in turn,
decreases the riskiness of the insurer’s future cash flows, and thus indirectly decreases its
cost of equity capital.
Since innate AQ indirectly affects a firm’s cost of equity capital through its impact
on its production decision, the magnitude of the (negative) indirect effect depends on
variables that can influence a firm’s production. The primary business of property-casualty
insurers is underwriting, i.e., pooling premiums collected from policyholders and paying
covered losses that have occurred. Two important factors that can affect an insurer’s
underwriting activities are the percentage of long-tail lines of business and the percentage
of affiliated reinsurance usage. Next, I will build my hypotheses about the indirect effect
of innate information risk via these two channels.
The underwriting business of property-casualty insurers can be broadly classified
into long-tail and short-tail lines, where long-tail lines usually take a longer period of time
for the claim to be settled compared to short-tail lines. Typical long-tail lines include
general liability, workers’ compensation, and medical malpractice liability. Long-tail
business is considered riskier than short-tail business due to the unpredictability of losses
and a longer time lag between premium collection and claim payments (e.g., Sommer, 1996;
Nielsen, Poulsen, and Mumford, 2005). In Table 1.1, I compare the loss ratios for shorttail lines with that for long-tail lines for the entire property-casualty insurance industry (and
for the traded groups in my sample) in each year from 1996 to 2018. As can be seen, longtail lines of business in general have a larger loss ratio than short-tail lines in all years,
except for year 2008 when two short-tail lines (i.e., financial/mortgage guaranty lines)
experienced extremely large losses due to the financial crisis. From the summary statistics
16

in Panel A, long-tail lines not only have a larger average loss ratio (76.80% versus 68.97%
for the property-casualty industry and 75.36% versus 65.00% for my sample), but also have
a higher standard deviation of the loss ratios (6.28% versus 5.58% for the property-casualty
industry and 6.37% versus 6.05% for my sample). Moreover, when I exclude year 2008
due to the impact of the financial crisis, long-tail lines have a larger coefficient of variation
consistently in both samples (see Table 1.1 Panel B). This simple example is designed to
show that long-tail lines are associated with more risk than short-tail lines.
Now I discuss the indirect effect associated with innate AQ in terms of long-tail
and short-tail lines of business. Assume that there are two firms A and B where A has 60%
of its business written in long-tail lines and B has 50% of business in long-tail lines, other
things being equal. If innate AQ increases by the same amount for both firms due to an
exogenous shock, the cost of equity will increase by the same amount because of the direct
effect. Each insurer can reduce its underwriting activities, and thus the overall riskiness, to
offset the increase in the cost of equity (i.e., the indirect effect). To achieve this, the
reduction in underwriting should be larger for insurer A than insurer B because insurer A
is risker than insurer B. This means that I expect a negative indirect effect but the
magnitude of the (negative) indirect effect on the cost of equity becomes larger as the
insurer writes a larger proportion of business in long-tail lines. Thus this will lead to a
smaller overall effect on the cost of equity (i.e., a netting effect). The above discussion
leads to my second hypothesis.
Hypothesis 2: The impact of innate AQ on the cost of equity decreases with an
insurer’s proportion of business written in long-tail lines due to an indirect effect.
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Table 1.1. Comparison of Short-tail Lines (ST) versus Long-tail Lines (LT)
Property-Casualty Industry
Loss Ratio_ST
Loss Ratio_LT
72.00%
80.82%
68.94%
74.41%
69.98%
78.78%
69.82%
82.33%
71.97%
85.22%
76.40%
93.84%
68.41%
87.01%
63.71%
79.59%
62.04%
77.14%
65.46%
77.96%
59.18%
67.57%
63.65%
69.33%
82.98%
74.69%
67.33%
73.66%
69.06%
75.47%
77.43%
80.27%
75.43%
74.16%
63.89%
68.86%
65.99%
70.09%
64.66%
71.02%
67.88%
74.10%
73.86%
76.77%
66.32%
73.27%

Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
t-statistics
(H0: equal mean)
-4.4689***
Panel A: Statistics for the whole period
Mean
68.97%
76.80%
Std. Dev.
5.58%
6.28%
Coefficient of
Variation
8.09%
8.18%
Panel B: Statistics excluding the financial crisis year 2008
Mean
68.33%
76.89%
Std. Dev.
4.78%
6.41%
Coefficient of
Variation
7.00%
8.34%

Property-Casualty Traded
Groups in the Sample
Loss Ratio_ST Loss Ratio_LT
69.73%
80.01%
65.34%
74.86%
65.38%
75.97%
63.54%
80.78%
62.85%
83.38%
66.12%
90.35%
59.81%
85.81%
57.61%
74.98%
57.94%
76.15%
63.08%
80.21%
54.73%
64.50%
59.65%
65.26%
79.99%
70.49%
70.15%
71.49%
67.22%
76.59%
73.63%
78.66%
73.63%
72.40%
62.88%
66.73%
63.01%
68.23%
59.32%
71.86%
63.37%
74.82%
72.42%
75.57%
63.63%
74.23%
-5.6541***
65.00%
6.05%

75.36%
6.37%

9.31%

8.45%

64.32%
5.21%

75.58 %
6.43%

8.10%

8.51%

Note: This table compares the loss ratios for short-tail lines of business and long-tail lines of business. Loss
ratio is defined as the sum of loss incurred and loss adjustment expenses divided by net premium earned. *,
**, and *** indicate significance at the 10, 5, and 1 percent levels, respectively.
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Reinsurance is an important risk management tool for (re)insurers. Reinsurance can
be used to mitigate some of the underwriting risk taken on by a property-casualty insurer.
Purchasing reinsurance shifts part of the underwriting risk to reinsurers, lowering the
insurer’s probability of insolvency and thus its cost of equity capital (Mayers and Smith,
1982, 1987, 1990; Berger, Cummins, and Tennyson, 1992; Powell and Sommer, 2007;
Shiu, 2011; Mankai and Belgacem, 2016). However, transferring risk to reinsurers is costly.
Jean-Baptiste and Santomero (2000) demonstrate that information asymmetry between
ceding insurers and reinsurers affects both the cost of reinsurance and the amount of
reinsurance purchased.13
Many insurance companies are organized into “groups” which share common
ownership. Reinsurance transactions frequently occur among group members to
redistribute and improve the pooling of underwriting risk. Affiliated reinsurance refers to
the intra-group reinsurance transactions among the group members. Affiliated reinsurance
is a unique and important form of internal capital market (ICM) transaction within group
affiliated insurers, and it is associated with reduced information asymmetry between
reinsurance counterparties. Therefore, the insurer (and stockholders) should benefit from
the lower cost and reduced information asymmetry associated with affiliated reinsurance
as opposed to insurance with non-affiliates (Powell and Sommer, 2007; Powell, Sommer,
and Eckles, 2008). Engaging in affiliated reinsurance should reduce the underwriting risk
of the ceding insurer in its existing business.
Now I will discuss the indirect effect associated with reinsurance ceded to affiliates.
Again, let’s compare two insurers A and B where insurer A cedes 5% of its reinsurance to

13

The ceding insurer is the insurer that transfers business to another insurer through reinsurance.
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affiliates and B cedes 10% of its reinsurance to affiliates, other things being equal. Assume
an exogenous shock causes the same amount of increase in innate AQ for both insurers;
their costs of equity would increase by the same amount due to a direct effect. Therefore,
each insurer would reduce its underwriting production, and thus the overall riskiness in its
business, to offset the increase in the cost of equity (i.e., the indirect effect). The reduction
in underwriting production should be smaller for insurer B because it cedes a higher
percentage of affiliated reinsurance and hence is less risky. This means the magnitude of
the indirect effect is smaller when the insurer cedes a higher percentage of reinsurance to
affiliates. The result is a larger overall effect on the cost of equity. I, therefore, formulate
the following hypothesis.
Hypothesis 3: The impact of innate AQ on the cost of equity increases with an
insurer’s proportion of reinsurance ceded to its affiliates due to an indirect effect.
Discretionary AQ is associated with manager discretion or manipulation. LLV
argue that information risk is priced into equity capital if the cash flows of all firms in the
market are not independently distributed. In this case, the effect of the variance of the firm’s
cash flows on the cost of equity capital asymptotically approaches zero but the effect of
the covariance between the firm’s cash flows and the total cash flows from other firms does
not diversify away as the market becomes larger. This nonzero effect of the covariance
exists for both innate AQ and discretionary AQ. I, therefore, hypothesize that investors will
charge a positive premium for discretionary AQ. Formally, my fourth hypothesis is:
Hypothesis 4: Ceteris paribus, the cost of equity capital increases with
discretionary AQ.

20

1.5. Methodology
1.5.1. AQ Measurement
Following EHZ, I measure accruals quality (AQ) by the standard deviation of the
firm-level loss reserve errors calculated over the prior five years. Loss reserve errors (RE)
are defined as the difference between the five-year developed total incurred losses and the
originally reported total incurred losses scaled by total admitted assets in the current year
(e.g. Grace and Leverty, 2012).14
REt = (L≤t,t+5 – L≤t,t ) / At = incurred losses for all accident years through t estimated
in calendar year t+5 – incurred losses for all accident years through t estimated in
calendar year t, scaled by total admitted assets in calendar year t.
An illustrative example of calculating RE using Schedule P – Part 2 – Summary is given
in Appendix B. Mathematically, accruals quality (AQ) for firm j in year t is defined as
t

RE j ,t

 t 4  RE j ,t  t 45

AQ j ,t 
4
t

2




 ,

(12)

A higher AQ reflects higher variation in reserve errors and thus poorer accruals quality.
1.5.2. AQ Decomposition
FLOS identifies five factors associated with accruals quality: firm size, standard
deviation of cash flows from operations, standard deviation of sales revenue, length of the
operating cycle, and incidence of negative earnings. Following their approach, I estimate
the following regression for each group-year:

14

In a robustness test (untabulated), I scale the difference by total reserves in the current year. The regression
results remain qualitatively unchanged except that the coefficient of DiscAQ becomes insignificant when the
cost of equity is proxied by Bayesian beta. Prior literature on loss reserve errors also concludes that results
are not sensitive to the choice of the scaling variable (e.g., Gaver and Paterson, 2004).
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𝐴𝑄𝑗,𝑡 = 𝜆0 + 𝜆1 𝑆𝑖𝑧𝑒𝑗,𝑡 + 𝜆2 𝜎(𝐶𝐹𝑂)𝑗,𝑡 + 𝜆3 𝜎(𝑃𝐸)𝑗,𝑡 + 𝜆4 𝑁𝑒𝑔𝐸𝑎𝑟𝑛𝑗,𝑡
+𝜆5 𝐿𝑜𝑔𝑂𝑝𝑒𝑟𝐶𝑦𝑐𝑙𝑒𝑗,𝑡 + 𝜀𝑗,𝑡 ,

(13)

where Size is the natural logarithm of total admitted assets, 𝜎(𝐶𝐹𝑂) is the standard
deviation of firm j’s operating cash flows scaled by total admitted assets, 𝜎(𝑃𝐸) is the
standard deviation of firm j’s net premiums earned scaled by total admitted assets, NegEarn
is the number of instances that firm j reported negative earnings in the past 5 years, and
OperCycle is the length of the operating cycle, defined here as the sum of the length of the
claim cycle and the length of the account receivables collection cycle, i.e.,
𝑂𝑝𝑒𝑟𝐶𝑦𝑐𝑙𝑒 = 𝐶𝑙𝑎𝑖𝑚𝐶𝑦𝑐𝑙𝑒 + 𝐴𝑅𝐶𝑦𝑐𝑙𝑒
= 360 ×

𝐿𝑜𝑠𝑠𝑅𝑒𝑠𝑒𝑟𝑣𝑒+𝑈𝑛𝑒𝑎𝑟𝑛𝑒𝑑𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑅𝑒𝑠𝑒𝑟𝑣𝑒
𝐿𝑜𝑠𝑠𝑒𝑠𝐼𝑛𝑐𝑢𝑟𝑟𝑒𝑑

𝐴𝑐𝑐𝑜𝑢𝑛𝑡𝑠𝑅𝑒𝑐𝑒𝑖𝑣𝑎𝑏𝑙𝑒 15
.
𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑠𝐸𝑎𝑟𝑛𝑒𝑑

+ 360 ×

(14)

I calculate all standard deviations over the prior five years.16 Larger firms are expected to
be associated with better accruals quality. Conversely, firms with higher standard
deviations of operating cash flows, higher standard deviations of net premiums earned,
longer operating cycles, and higher incidence of negative earnings are associated with
poorer accruals quality. That is, I expect a negative coefficient on Size and positive
coefficients on 𝜎(𝐶𝐹𝑂), 𝜎(𝑃𝐸), NegEarn, and 𝐿𝑜𝑔𝑂𝑝𝑒𝑟𝐶𝑦𝑐𝑙𝑒.

15

Loss reserve also includes loss adjustment expenses reserve.
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EHZ follows FLOS to calculate all standard deviations prior to the year of examination, using 10 years of
data in the estimation if data are available and no less than 5 years otherwise. I consistently use a 5-year
rolling window for two reasons. First, FLOS shows that regression results are not sensitive to the length of
the window used to calculate standard deviations. Second, I use NAIC data from 1996 to 2018 to obtain my
sample period of 2000-2013, because the calculation of reserve errors requires a five-year loss development
period. If I follow FLOS’s approach, then during the period of 2000-2005 (over one-third of my sample
period) these standard deviation variables will have mixed windows varying from 5 to 10 years.
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Based on equation (13), I then decompose accruals quality into its innate
component and discretionary component. The predicted value is used as the measure of
innate AQ, and the residuals are used as the proxy for discretionary AQ, i.e.,
𝐼𝑛𝑛𝑎𝑡𝑒𝐴𝑄𝑗,𝑡 = 𝜆̂0 + 𝜆̂1 𝑆𝑖𝑧𝑒𝑗,𝑡 + 𝜆̂2 𝜎(𝐶𝐹𝑂)𝑗,𝑡 + 𝜆̂3 𝜎(𝑃𝐸)𝑗,𝑡
+𝜆̂4 𝑁𝑒𝑔𝐸𝑎𝑟𝑛𝑗,𝑡 + 𝜆̂5 𝐿𝑜𝑔𝑂𝑝𝑒𝑟𝐶𝑦𝑐𝑙𝑒𝑗,𝑡 .
𝐷𝑖𝑠𝑐𝐴𝑄𝑗,𝑡 = 𝜀̂𝑗,𝑡 .

(15)
(16)

EHZ use the same model specification for AQ decomposition, except that they
ignore the length of the operating cycle.17,18 They argue that it is typically measured as a
function of accounts receivables and inventory turnover, and these turnover measures are
not meaningful for insurers. I, however, believe that my definition of the operating cycle
has special meaning for insurers and is analogous to the traditional definition in other
industries.
I define the length of the operating cycle of an insurer as the sum of the length of
the claim cycle and the length of the account receivables collection cycle. The definition
of the claim cycle is taken from Cummins and Nini (2002). They argue that an insurer’s
business cycle begins with writing insurance policies and ends with paying claims, so they
use the ratio of the sum of loss reserves and unearned premium reserves to incurred losses

There are other minor differences. For example, EHZ uses the standard deviation of firm j’s net premiums
written scaled by total admitted assets as a proxy for the standard deviation of sales revenue. However, a part
of premiums written may not be earned during the fiscal year and may instead be booked as unearned
premiums according to statutory accounting principles (SAP) instead of sales revenue. I therefore use the
standard deviation of firm j’s net premiums earned scaled by total admitted assets. My robustness tests
(untabulated) show that using net premiums written does not change the results significantly.
17

18

The operating cycle is defined as the sum of days inventory outstanding and days sales outstanding, i.e.,
operating cycle = 360/(cost of goods sold/average inventory) + 360/(sales/average account receivables) (see,
e.g., Dechow and Dichev, 2002; FLOS). It measures the sum of the average number of days in which a
company turns its inventory into sales and realizes receivables as cash.
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as a proxy for the time lag between policy issuance and claim payments. That is, an
insurer’s loss reserve and unearned premium reserve are liabilities for losses not yet paid
and for premiums received for which service has not yet been provided. Accordingly, I
define ClaimCycle = 360/[Loss Incurred/(Loss Reserve + Unearned Premium Reserve)],
to measure the average number of days between policy issuance and claim payments.19 The
longer the claim cycle, the more difficult is the loss reserve estimation, thus leading to
higher innate AQ. I define the length of the account receivables collection cycle (AR Cycle)
as 360/[Premiums Earned/(Accounts Receivable)], which resembles the definition in
FLOS. 20 Therefore, the estimated coefficient 𝜆̂5 on LogOperCycle is expected to be
significantly positive.21
1.5.3. Cost of Equity Capital and Information Risk (AQ)
LLV suggest that “the most natural way to empirically analyze the link between
information quality and the cost of (equity) capital is via the beta factor.” EHZ (2014) thus
use the CAPM beta to measure the cost of equity capital in their empirical work. I follow
this approach. I estimate a firm’s beta using the CAPM model, i.e.,
𝑟𝑖𝑡,𝑠 = 𝛼𝑖𝑡 + 𝛽𝑖𝑡 𝑟𝑀𝑡,𝑠 + 𝜖𝑖𝑡,𝑠 ,

19

Insurance companies issue insurance policies to cover future losses for policyholders. So the loss incurred
during the fiscal year can be interpreted as the cost of goods sold and the total amount of loss reserve and
unearned premium reserve can be interpreted as an inventory-like item for insurers. In this sense, my
ClaimCycle definition is very similar to days-inventory-outstanding.
20

Accounts receivable includes the following items in the statement of assets: uncollected premiums and
agents’ balances in the course of collection, amounts recoverable from reinsurers, other amounts receivable
under reinsurance contracts, and amounts receivable relating to uninsured plans.
21

In a robustness test (untabulated), I replace LogOperCycle with LogClaimCyle in the AQ decomposition
regression. My results remain largely unchanged.
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where 𝑟𝑖𝑡,𝑠 and 𝑟𝑀𝑡,𝑠 are daily excess returns on stock i and the market, respectively. The
subscript s=(1,2,…τ) indexes the daily returns that are used to estimate betas in year t and
τ is the length of the estimation window. Betas are estimated for each year t. For each stock,
I use a prior 2-year rolling window for estimation purposes. For example, firm i’s 2008
beta is estimated using daily stock returns from the beginning of 2006 to the end of 2007.
This estimate is obtained by OLS regression, and is denoted as CAPM beta_OLS.
My benchmark model is similar to that in EHZ, i.e.,
𝐶𝐴𝑃𝑀𝑏𝑒𝑡𝑎𝑗,𝑡 = 𝛽0 + 𝛽1 𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑗,𝑡 + 𝛽2 𝑆𝑖𝑧𝑒𝑗,𝑡 + 𝛽3 𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑗,𝑡 + 𝛽4 𝑅𝑂𝐴𝑗,𝑡
+𝛽5 𝜎(𝑁𝐼)𝑗,𝑡 + 𝛽6 𝐿𝑜𝑛𝑔𝑡𝑎𝑖𝑙𝑗,𝑡  + 𝛽7 𝐼𝑛𝑛𝑎𝑡𝑒𝐴𝑄𝑗,𝑡 + 𝛽8 𝐷𝑖𝑠𝑐𝐴𝑄𝑗,𝑡
+𝑌𝑡 + 𝜀𝑗,𝑡 ,

(17)

where Leverage is the total insurance-related debt scaled by total admitted assets,22 Size is
the natural log of total admitted assets, Capital is the total amount of statutory surplus
scaled by total admitted assets, ROA is the return on assets defined as net income divided
by total admitted assets, 𝜎(𝑁𝐼) is the standard deviation of net income scaled by total
admitted assets over the prior 5 years, Longtail is the proportion of net premiums written
in long-tail insurance lines, and 𝑌𝑡 is a vector of year dummies. 23,24
In order to separate the direct effect of innate AQ from its indirect effect and test
my hypotheses, I add the interaction term, Longtail * InnateAQ. A variable measuring the

22

The insurance-related debt includes losses, loss adjustment expenses, reinsurance payable on paid losses
and loss adjustment expenses, and unearned premiums.
23

The long-tail lines include farm-owners multiple peril, homeowners multiple peril, commercial multiple
peril, medical malpractice, workers’ compensation, product liability, auto liability, and “other” liability.
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My sample is an unbalanced panel of 443 group-year observations comprised of 46 firms (the number of
firms varies each year) over 14 years. I include time fixed effects but not firm fixed effects in the model,
because the available data are too limited for the identification of firm fixed effects, i.e., the average number
of years for each firm is approximately 9 years.
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proportion of reinsurance ceded to affiliated insurers (ReCdAff) is included in the equation,
and the interaction ReCdAff *InnateAQ is added as well:
𝐶𝐴𝑃𝑀𝑏𝑒𝑡𝑎𝑗,𝑡 = 𝛽0 + 𝛽1 𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑗,𝑡 + 𝛽2 𝑆𝑖𝑧𝑒𝑗,𝑡 + 𝛽3 𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑗,𝑡 + 𝛽4 𝑅𝑂𝐴𝑗,𝑡 
+𝛽5 𝜎(𝑁𝐼)𝑗,𝑡 + 𝛽6 𝐿𝑜𝑛𝑔𝑡𝑎𝑖𝑙𝑗,𝑡  + 𝛽7 𝐼𝑛𝑛𝑎𝑡𝑒𝐴𝑄𝑗,𝑡 + 𝛽8 𝐷𝑖𝑠𝑐𝐴𝑄𝑗,𝑡
+𝛽9 𝐿𝑜𝑛𝑔𝑡𝑎𝑖𝑙𝑗,𝑡 ∗ 𝐼𝑛𝑛𝑎𝑡𝑒𝐴𝑄𝑗,𝑡 + 𝛽10 𝑅𝑒𝐶𝑑𝐴𝑓𝑓𝑗,𝑡
+𝛽11 𝑅𝑒𝐶𝑑𝐴𝑓𝑓𝑗,𝑡 ∗ 𝐼𝑛𝑛𝑎𝑡𝑒𝐴𝑄𝑗,𝑡 + 𝑌𝑡 + 𝜀𝑗,𝑡 ,

(18)

where ReCdAff is the ratio of reinsurance premiums ceded to affiliates divided by the sum
of direct premiums written and reinsurance assumed; the definitions of the other variables
remain the same as before. I choose not to interact Longtail (and ReCdAff) with DiscAQ
because the prediction about the indirect effect of information risk does not apply to
discretionary AQ as discussed in section 1.4.25
The model specification in equation (18) allows me to test several sets of
hypotheses. First, I can test the direct effect of innate AQ and the effect of discretionary
AQ on the cost of equity. A positive and significant coefficient on InnateAQ (DiscAQ) is
consistent with Hypothesis 1 (4). Second, I can test for the indirect effect of innate AQ by
examining its interaction with other variables. I expect to see a negative coefficient on
Longtail*InnateAQ and a positive coefficient on ReCdAff*InnateAQ, as predicted by
Hypotheses 2 and 3, respectively. The overall effect of innate AQ on a firm’s cost of equity
capital is equal to 𝛽7 + 𝛽9 𝐿𝑜𝑛𝑔𝑡𝑎𝑖𝑙𝑗,𝑡 + 𝛽11 𝑅𝑒𝐶𝑑𝐴𝑓𝑓𝑗,𝑡 .26
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In a robustness test (untabulated), I also interact DiscAQ with Longtail (and ReCdAff) in the regression. I
find that the coefficient for DiscAQ is negative and the coefficient for DiscAQ*Longtail is positive. But both
coefficients are insignificant. The coefficient on DiscAQ*ReCdAff is positively significant at the 5% level.
The coefficients on other variables remain unchanged qualitatively.
26

The formula of this overall effect is obtained by taking the first derivative of equation (18) with respect to
InnateAQ.
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With respect to other control variables, higher insurance-related leverage, a higher
standard deviation of net income, and a higher proportion of business written in long-tail
lines should imply higher risk and increase the cost of equity. Therefore, I expect positive
coefficients on Leverage, 𝜎(𝑁𝐼), and Longtail. Conversely, a higher capital to asset ratio,
higher return on assets, and higher reinsurance ceded to affiliates should convey positive
messages to investors and decrease the cost of equity. Therefore, I expect negative
coefficients on Capital, ROA, and ReCdAff. The prediction for Size is unclear. Larger
insurers may be safer and have lower cost of equity; larger insurers may also face a more
complicated business environment and have higher cost of equity.
1.5.4. Alternative Beta and AQ Measures
1.5.4.1. Alternative Beta Measures
In addition to the OLS estimate of the CAPM beta described in Section 1.5.3, I also
use alternative beta measures in my robustness analysis. First, I consider the OLS estimate
of the firm beta based on the Fama-French three-factor (FF3F) model, denoted as FF3F
beta_OLS. In addition to the market risk factor, Fama and French (1992) include two other
factors (firm size and book-to-market ratio) to explain a stock’s excess return, i.e.,
𝑟𝑖𝑡,𝑠 = 𝛼𝑖𝑡 + 𝛽𝑖𝑡 𝑟𝑀𝑡,𝑠 + 𝛾𝑖 𝑆𝑀𝐵 + 𝛿𝑖 𝐻𝑀𝐿 + 𝜖𝑖𝑡,𝑠 ,
where SMB is “Small [market capitalization] Minus Big,” and HML is “High [book-tomarket ratio] Minus Low.” SMB and HML measure the historic excess returns of small
caps over big caps and of value stocks over growth stocks.27

27

Values of SMB and HML may be accessed on Kenneth French's website:
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.
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Second, I re-estimate the CAPM betas and FF3F betas using GARCH-type models.
The econometric literature has provided extensive evidence of wide fluctuations and high
persistence in stock volatility (e.g., Bollerslev, 1986, 1987; Bollerslev et al., 1988; Nelson,
1991; Glosten, Jagannathan, and Runkle, 1993). Poon and Granger (2003) survey ninetythree published or working papers that study forecasting performance of various volatility
models. They find that GARCH models that incorporate volatility asymmetry, such as
GJR-GARCH, perform better than GARCH. In the extant insurance literature, both
GARCH and GJR-GARCH models are used to model insurer stock returns (e.g., Carson,
Elyasiani, and Mansur, 2008; Cheng, Elyasiani, and Lin, 2010; Elyasiani, Staikouras, and
Dontis-Charitos, 2016; Irresberger, König, and Weiß, 2016). I, therefore, estimate firm
betas using these two models, in addition to the OLS model. Among the three models (i.e.,
OLS, GARCH, and GJR-GARCH), I then choose the one with the lowest Bayesian
Information Criterion (BIC) as the best model. The firm beta associated with the best model
is denoted as CAPM beta_minBIC or FF3F beta_minBIC.
The aforementioned beta estimates are based on rolling window regressions and are
purely data driven. Firm specific characteristics, except for size and book-to-market ratio,
are not considered in these models. Cosemans et al. (2016) propose a hybrid approach by
incorporating prior information based on firm fundamentals and economic state variables.
In particular, they shrink rolling beta estimates toward an economically informative prior
that is unique to each firm. They parameterize the prior beta as a linear function of firm
characteristics, including firm size, book-to-market, operating leverage, financial leverage,
momentum, and the firm’s industry classification. They also use default spread as an
indicator of the business cycle to capture any cyclical pattern in beta and include its
28

interaction with firm characteristics to allow for the relation between beta and firm
characteristics to vary over the business cycle.
Cosemans et al. (2016) find that this hybrid estimator outperforms rolling sample
estimators in terms of out-of-sample beta forecasts, because the shrinkage towards the
fundamental-based prior effectively reduces the measurement noise in extreme beta
estimates. I follow their methodology to estimate the hybrid beta for each firm. More
details are given in Appendix C. Because a Bayesian approach is used in this model, the
estimated beta is denoted as Bayesian beta.
1.5.4.2. Alternative AQ Measures
For robustness, I use an alternative definition of loss reserve errors (RE1) to measure
accruals quality (e.g., Weiss, 1985). RE1 is defined based on incurred losses for only
accident year t, whereas RE defined in the Section 1.5.1 is based on total incurred losses
for all accident years through year t.
RE1t = (Lt,t+5 – Lt,t ) / At = incurred losses for accident year t estimated in calendar
year t+5 – incurred losses for accident year t estimated in calendar year t, scaled by
total admitted assets in calendar year t.
An illustrative example of calculating RE1 using Schedule P – Part 2 – Summary is also
given in Appendix B. Then AQ1 is the standard deviation of RE1 over the prior five years.
Also, I estimate FLOS’s accruals quality measure, AQ (FLOS), and use it in the
robustness analysis. The methodology for estimating AQ (FLOS) is given in Appendix D.
1.6. Data and Sample
Most of my data comes from the National Association of Insurance Commissioners
(NAIC) annual statements for property-casualty insurers over the period 1996-2018. I
calculate loss reserve errors in years 1996-2013 for each group because I allow for five
29

years of loss development.28 Furthermore, since the AQ variable requires prior five years
of data to compute, my sample period is reduced to 2000-2013.
Since I need stock returns to estimate betas, my analysis is restricted to publicly
traded insurers at the group level. I require that insurers have at least $2 million in total
admitted assets, positive net premiums written of at least $1 million, and positive surplus.
I eliminate firms with extreme errors in their loss reserves. That is, observations are deleted
that have a revised loss reserve estimate that varies from the original estimate by more than
50% (in absolute value). Further, I drop observations with unreasonable measures of
leverage and extremely large values of operational cash flow volatility.29 Therefore, I have
a sample of 490 group-year observations for AQ decomposition.
Next, I calculate different betas for each firm using daily stock returns extracted
from the University of Chicago’s Center for Research in Security Prices (CRSP). Market
return is defined as the change in the CRSP value weighted market index with dividends.
The risk-free interest rate is approximated by the 1-month Treasury bill rate. SMB and HML
are obtained from Kenneth French’s website. Firm characteristics for calculating the
Bayesian beta are obtained from Compustat. After combining the betas with my sample
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In robustness tests (untabulated), I shorten the loss development period to three years and one year, so
more observations can be obtained for the regression analysis. But the supporting evidence for my hypotheses
becomes slightly weaker. This may be because loss reserve errors with shorter development periods are less
accurate.
“Leverage” here is different from traditionally defined “leverage” in accounting. In statistics and in
particular in regression analysis, leverage is a measure of how far away an independent variable value is from
other observations (Frees, 2010). A high leverage point has an extreme independent variable value. More
specifically, an observation has a high leverage point if the leverage exceeds three times the average leverage.
Average leverage is the number of parameters estimated divided by the sample size. Also, the three deleted
observations have extremely large values of 𝜎(𝐶𝐹𝑂).
29
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from the NAIC database, my final sample size is reduced to 443 group-year observations.30
This is more than three times as large as the sample size in EHZ (134 group-year
observations). My sample represents 33.74 percent of industry total admitted assets and
33.53 percent of industry net premiums written in 2007.
Table 1.2 reports the results of AQ decomposition. Comparing Column (2) with
Column (1), adding LogOperCycle as an explanatory variable increases R2 from 0.2101 to
0.2233. In addition, the coefficient of LogOperCycle is significantly positive, suggesting
that LogOperCycle should be included in the model for AQ decomposition. The signs of
the coefficients on all five explanatory variables are consistent with the findings in FLOS,
except for Size. FLOS finds that Size is negatively related with AQ while I find that the
coefficient on Size is significantly positive. I conjecture that larger insurers are likely to
face a more complicated business environment, resulting in poorer accruals quality. I do
the same decomposition for the AQ measure defined by RE1 in Columns (3) and (4). Now
the coefficients of Size become negative, consistent with FLOS. But the coefficient of
LogOperCycle loses significance. In addition, I do the same decomposition for the AQ
measure defined in FLOS in Columns (5) and (6). The pattern remains the same as in
Columns (1) and (2), except that the coefficients of 𝜎(𝐶𝐹𝑂) lose significance.

30

The sample of Bayesian beta consists of 384 group-year observations. The reason for the sample size
reduction is that some observations have missing values for operating income before depreciation, a key
variable to calculate operating leverage, in the Compustat database.
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Table 1.2. AQ Decomposition

VARIABLES
Size
σ(CFO)
σ(PE)
NegEarn

(1)
AQ
0.0049**
(0.0024)
0.2901***
(0.0941)
0.2897**
(0.1244)
0.0893***
(0.0332)

LogOperCycle
Constant

Observations
R-squared

-0.1017*
(0.0584)
490
0.2101

(2)
AQ
0.0040*
(0.0021)
0.2457***
(0.0947)
0.3635***
(0.1395)
0.0929***
(0.0335)
0.0113**
(0.0044)
-0.1606**
(0.0738)
490
0.2233

(3)
AQ1

(4)
AQ1

(5)
AQ (FLOS)

-0.0008*
(0.0004)
0.1998***
(0.0369)
0.0497
(0.0304)
0.0123***
(0.0042)

-0.0009**
(0.0004)
0.1953***
(0.0369)
0.0571*
(0.0312)
0.0127***
(0.0042)
0.0011
(0.0009)
0.0180
(0.0122)

0.0070*
(0.0037)
0.2067
(0.1268)
0.9531***
(0.1914)
0.1526***
(0.0523)

0.0239**
(0.0101)
490
0.3832

490
0.3851

-0.1387
(0.0897)
490
0.2936

(6)
AQ (FLOS)
0.0062*
(0.0034)
0.1663
(0.1338)
1.0203***
(0.2157)
0.1558***
(0.0532)
0.0103**
(0.0049)
-0.1923*
(0.1090)
490
0.2993

Note: This table reports results of information risk decomposition. The dependent variable AQ (AQ1) is the
standard deviation of reserve errors RE (RE1) calculated over the prior 5 years, while AQ (FLOS) is defined
in FLOS. The predicted value is called innate information risk, InnateAQ; and the residual is called
discretionary information risk, DiscAQ. Size is the natural log of total admitted assets. 𝜎(𝐶𝐹𝑂) is the standard
deviation of operating cash flows scaled by total admitted assets. 𝜎(𝑃𝐸) is the standard deviation of net
premiums earned scaled by total admitted assets, and NegEarn is the number of times the firm reported
negative earnings over the past 5 years. OperCyle is the length of the claim cycle, 360 / [Loss Incurred / (Loss
Reserve + Unearned Premium Reserve)] + 360 / [Premiums Earned /Accounts Receivable]. LogOperCycle
is the natural log of OperCyle. Year dummies are not reported to conserve space. Robust standard errors are
in parentheses. *, **, and *** indicate significance at the10, 5, and 1 percent levels, respectively.

Table 1.3 reports descriptive statistics for my sample of publicly traded group
insurers from 2000 to 2013. Depending on the different beta estimates, the mean of the
firm beta ranges from 0.7885 to 0.8989, with the standard deviations ranging from 0.3330
to 0.4689. On Average, CAPM beta estimates are slightly smaller than FF3F beta estimates;
OLS beta estimates are larger than the minimum BIC beta estimates. 31 The Bayesian beta
has the smallest mean and the smallest range between the minimum and the maximum. The
accruals quality measure defined in this paper, AQ, has a mean of 0.0405 and a standard
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Among the 443 group-year estimates of CAPM (FF3F) beta_minBIC, 105 (103) are obtained from OLS
estimates, 245 (239) from GARCH models, and 93 (101) from GJR-GARCH models.
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deviation of 0.0638. After AQ decomposition, InnateAQ (DiscAQ) has a mean of 0.0393
(0.0020) and a standard deviation of 0.0266 (0.0557), suggesting that InnateAQ is on
average larger and less dispersed than DiscAQ. The two alternative sets of AQ measures
exhibit a similar pattern.
Table 1.3. Summary Statistics
VARIABLES
N = 443
CAPM beta_OLS
FF3F beta_OLS
CAPM beta_minBIC
FF3F beta_minBIC
Bayesian beta
Leverage
Size
Capital
ROA
σ(NI)
Longtail
ReCdAff
AQ
InnateAQ
DiscAQ
AQ1
InnateAQ1
DiscAQ1
AQ(FLOS)
InnateAQ(FLOS)
DiscAQ(FLOS)

Mean

Std.

Min

Median

Max

0.8960
0.8989
0.8290
0.8319
0.7885
0.3988
22.3174
0.3318
0.0328
0.0272
0.6128
0.0644
0.0405
0.0393
0.0020
0.0166
0.0164
0.0005
0.0745
0.0748
0.0008

0.4689
0.3851
0.4081
0.3330
0.3541
0.1336
1.3980
0.0842
0.0429
0.0216
0.2099
0.1457
0.0638
0.0266
0.0557
0.0164
0.0090
0.0128
0.0878
0.0436
0.0737

0.1162
0.0299
0.0888
0.0081
0.1031
0.0201
17.9858
0.0801
-0.2792
0.0019
0.0000
-0.0611
0.0017
-0.0009
-0.1136
0.0013
0.0045
-0.0478
0.0093
0.0154
-0.1342

0.8507
0.8716
0.8037
0.8222
0.7677
0.3915
22.2053
0.3253
0.0360
0.0210
0.6579
0.0000
0.0253
0.0326
-0.0041
0.0114
0.0141
-0.0020
0.0552
0.0638
-0.0079

3.4201
2.9472
3.0345
2.2994
2.0330
0.8592
26.1388
0.5823
0.1448
0.1514
1.0000
0.6974
0.6410
0.2045
0.6181
0.1527
0.0861
0.1391
1.0066
0.3638
0.7327

Note: This table presents descriptive statistics for the years 2000 to 2013. CAPM (FF3F) beta is the OLS
estimate of beta from the CAPM (FF3F) model. CAPM (FF3F) beta_minBIC is the beta estimated from the
CAPM (FF3F) model with the minimum BIC from the OLS, GARCH and GJR-GARCH methods. Bayesian
beta is the beta estimated by shrinking the rolling window beta towards the prior beta based on firm
fundamentals. Leverage is the total insurance-related debt scaled by total admitted assets. Size is the natural
log of total admitted assets. Capital is the ratio of surplus to total admitted assets. ROA is the ratio of net
income to total admitted assets. 𝜎(𝑁𝐼) is the standard deviation of net income over the past 5 years scaled by
total admitted assets. Longtail is the proportion of net premiums written in long-tail business lines. ReCdAff
is the ratio of reinsurance premiums ceded to affiliates to the sum of direct premiums written and reinsurance
assumed premiums. AQ (AQ1) is the standard deviation of loss reserve errors RE (RE1) calculated over the
prior 5 years. InnateAQ (InnateAQ1) is the predicted value from the AQ (AQ1) decomposition model in Table
1.2 Column (2) (Column (4)), while DiscAQ is the residual. AQ (FLOS) is defined in FLOS. InnateAQ (FLOS)
is the predicted value from the AQ decomposition model in Table 1.2 Column (6), while DiscAQ (FLOS) is
the residual.
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Turning to other control variables, total insurance-related debt on average accounts
for about 39.88 percent of an insurer’s assets. The average capital to assets ratio is 0.3318.
The average return on assets is 3.28 percent. The average standard deviation of net income
scaled by total admitted assets over the prior 5 years is 2.72 percent. On average, 61.28
percent of net premiums are written in long-tail lines of business. On average, reinsurance
ceded to affiliated insurers accounts for 6.44 percent of the sum of direct premiums written
and reinsurance assumed.32
1.7. Empirical Results
1.7.1. Main Results
Table 1.4 contains the regression results using different model specifications with
CAPM beta_OLS as the dependent variable. Column (1) reports the regression results using
the model specification described in EHZ. EHZ find that the coefficients on InnateAQ and
DiscAQ are both negative but insignificant, while I find that the coefficient on InnateAQ is
significantly negative and the coefficient on DiscAQ is significantly positive, suggesting
that the cost of equity capital decreases with innate AQ and increases with discretionary
AQ, everything else held equal. Similar to EHZ, I also find that Longtail is significantly
negatively associated with the cost of equity capital.

32

For my sample of publicly traded group-level insurers, reinsurance ceded to affiliates reflects reinsurance
ceded to foreign affiliates and U.S. affiliates which are not regulated by the NAIC.
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Table 1.4. Regression Results using Different Model Specifications (CAPM beta_OLS)
CAPM beta_OLS
Leverage
Size
Capital
ROA
σ(NI)
Longtail
InnateAQ

(1)

(2)

0.3294
(0.2014)
0.0435***
(0.0142)
-0.6448**
(0.2639)
-1.5521**
(0.6833)
5.8700***
(1.1038)
-0.3523***
(0.1164)
-2.3206***
(0.7354)

-0.2219
(0.1521)
0.0390***
(0.0138)
-1.0919***
(0.2281)
-0.5970
(0.6359)
3.7674***
(0.9318)
1.1543***
(0.1749)
15.2193***
(1.9703)
-28.1127***
(2.9342)
0.5590***
(0.1977)

Longtail*InnateAQ
DiscAQ

0.6409***
(0.1703)

ReCdAff
ReCdAff*InnateAQ
Constant

Observations
R-squared

-0.0301
(0.3438)

-0.4932
(0.3243)

443
0.4640

443
0.5616

(3)
-0.2445*
(0.1483)
0.0365***
(0.0139)
-1.0899***
(0.2329)
-1.0789*
(0.6341)
2.3415***
(0.9001)
1.0667***
(0.1710)
15.0864***
(1.9554)
-26.9854***
(2.8337)
0.5877***
(0.2055)
-0.7300***
(0.1445)
4.7906*
(2.4587)
-0.3340
(0.3277)
443
0.5818

Note: This table reports regression results from using CAPM beta_OLS as the dependent variable and the AQ
measures defined by RE as the independent variables. Column (1) reproduces the EHZ model. Column (2)
introduces the indirect effect of Innate AQ on the cost of equity capital via Longtail, while Column (3) takes
into account another channel of the indirect effect via ReCdAff. Leverage is the total insurance-related debt
to total admitted assets. Size is the natural log of total admitted assets. Capital is the ratio of surplus to total
admitted assets. ROA is the ratio of net income to total admitted assets. 𝜎(𝑁𝐼) is the standard deviation of
net income over the past 5 years scaled by total admitted assets. Longtail is the proportion of net premiums
written in long-tail business lines. ReCdAff is the ratio of reinsurance premiums ceded to affiliates to the sum
of direct premiums written and reinsurance assumed premiums. InnateAQ is the predicted value from the AQ
decomposition model in Table 1.2 Column (2), while DiscAQ is the residual. Year dummies are not reported
to conserve space. Robust standard errors are in parentheses. *, **, and *** indicate significance at the 10,
5, and 1 percent levels, respectively.
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In Column (2), I take into account the indirect effect of InnateAQ on the cost of
equity capital by including the interaction between Longtail and InnateAQ. The coefficient
on DiscAQ remains significantly positive, indicating a positive association between
discretionary AQ and the cost of equity. More importantly, the coefficient of InnateAQ
becomes significantly positive and that of Longtail*InnateAQ is significantly negative,
consistent with Hypotheses 1 and 2. These results suggest that innate AQ is associated with
a direct increase in the cost of equity capital and an indirect decrease in the cost of equity
capital. The magnitude of this indirect (negative) effect is larger for insurers with a higher
percentage of business in long-tail lines. That is, consider an insurer with an average
industry innate AQ (0.0393); if its proportion of long-tail business increases from the
average (61.28%) to the 90th percentile (78.47%), its cost of equity will decrease by 0.1899
due to the indirect effect of innate AQ.33
Next, I add affiliated reinsurance usage, ReCdAff, and its interaction with innate
AQ to the model. The regression results are reported in Column (3) of Table 1.4. The sign,
magnitude and significance of the coefficients on DiscAQ, InnateAQ, Longtail*InnateAQ,
and Longtail remain unchanged, compared to those reported in Column (2). The coefficient
on ReCdAff is significantly negative at the 1% level, suggesting that investors regard
affiliated reinsurance as an efficient risk transfer tool and require a lower rate of return.34
Consistent with Hypothesis 3, I also find that the coefficient on ReCdAff*InnateAQ is

33

The decrease amount is calculated as follows -28.1127*(78.47%-61.28%)*0.0393, where -28.1127 is the
estimated coefficient of Longtail*InnateAQ in Table 1.4 Column (2).
34

In a robustness test (untabulated), I include unaffiliated reinsurance usage and its interaction with innate
AQ in the regression. Unaffiliated reinsurance usage is defined as the ratio of reinsurance premiums ceded
to non-affiliates to the sum of direct premiums written and reinsurance assumed. I find both the coefficient
on unaffiliated reinsurance usage and that on its interaction with innate AQ to be insignificant.
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significantly positive at the 10% level, confirming that the overall effect of InnateAQ on
the cost of equity capital increases with ReCdAff. That is, consider an insurer with an
average industry innate AQ (0.0393); if its proportion of reinsurance ceded to affiliates
increases from the average (6.44%) to the 90th percentile (28.25%), its cost of equity will
increase by 0.0411 from the indirect effect of innate AQ.35
For an insurer with an industry average 61.28% of net premiums written in longtail lines and an industry average 6.44% of reinsurance premiums ceded to affiliates, the
overall effect of industry average innate AQ (0.0393) will reduce the cost of equity capital
by 0.0449.36 This decrease accounts for 5% of the industry average CAPM beta_OLS. An
industry average discretionary AQ (0.0020) will increase the cost of equity by only a small
amount (0.0012).37 So on average, the overall effect of AQ on the cost of equity capital is
negative (-0.0437).38 The negative overall effect of information risk on the cost of equity
capital suggests that imprecise information may possibly reduce the cost of equity capital.
This is different from the finding in FLOS that information risk increases the cost of equity.
With respect to other control variables, the coefficient of Size is consistently
positive and significant at the 1% level across all the models, suggesting a positive
association between firm size and equity investors’ expected returns. The coefficient on

35

The increase amount is calculated as follows 4.7906*(28.25%-6.44%)*0.0393, where 4.7906 is the
estimated coefficient of ReCdAff*InnateAQ in Table 1.4 Column (3).
36

The overall effect of the industry average InnateAQ on CAPM beta_OLS is calculated as follows:
0.0393*(15.0864-26.9854*61.28%+4.7906*6.44%) = -0.0449.
37

The effect of the industry average DiscAQ on CAPM beta_OLS is calculated as follows: 0.0020*0.5877 =
0.0012.
38

The sum of the effects of InnateAQ and DiscAQ measures the overall effect of AQ on the cost of capital: 0.0449+0.0012 = -0.0437.
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Capital is consistently negative and significant at the 1% level across all of the models,
suggesting that the cost of equity capital goes down as the proportion of surplus to total
admitted assets increases. The coefficient of σ(NI) is consistently positive and significant
at the 1% level across all the models, suggesting that the cost of equity capital goes up as
the volatility of net income increases. There is some evidence that the cost of equity
decreases with the return on assets, ROA. I also find some evidence that the cost of equity
decreases with the ratio of insurance-related debt to total admitted assets, Leverage,
inconsistent with my expectation. This may be because insurance losses are not highly
correlated with the economy and have a better diversification effect than bonds.
1.7.2. Robustness
In this sub-section, I conduct robustness tests using alternative beta measures and
alternative AQ measures. I focus on the regression model specified in equation (18) since
this is the complete model.
Table 1.5 summarizes the regression results using different beta measures as the
dependent variable and the AQ measures defined in this paper as the independent variables
of interest. Compared with the baseline model using CAPM beta_OLS as the dependent
variable in Column (1), using other beta measures generates very similar results. Across
all models, the coefficient of InnateAQ is positively significant, suggesting a positive direct
impact of innate AQ on the cost of equity; the coefficient of the interaction term between
InnateAQ and Longtail is negatively significant, and the coefficient of the interaction term
between InnateAQ and ReCdAff is positively significant, suggesting that the effect of innate
AQ decreases with the proportion of business in long-tailed lines and increases with the
percentage of reinsurance ceded to affiliates due to the indirect effect. The coefficient of
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discretionary AQ remains positively significant. Overall, I observe a consistent pattern
supporting Hypotheses 1 – 4.
I also calculate the magnitude of the overall effect of innate AQ on the cost of equity
based on mean values of InnateAQ, Longtail, and ReCdAff, and conduct an F test on the
joint significance of InnateAQ and its interactions with Longtail and ReCdAff. As can be
seen from Table 1.5, the F statistics are significant at the 1% level across all models. On
average, innate AQ is negatively associated with the cost of equity, suggesting that the
negative, indirect effect dominates the positive, direct effect.
In Table 1.6, I redo all of the regression analysis in Table 1.5 by replacing the AQ
measures with those defined by RE1. The regression results remain the same qualitatively,
supporting Hypotheses 1 – 4. The coefficients of Leverage become insignificant across all
the models. In Table 1.7, I redo all of the regression analysis in Table 1.5 by replacing the
AQ measures with those defined in FLOS. The regression results remain almost unchanged,
except that the coefficients of DiscAQ become negative and the coefficients of
ReCdAff*InnateAQ become insignificant. I conjecture that these changes may be due to the
fact that the AQ measure defined as estimated abnormal accruals is less accurate than the
AQ measure defined using loss reserve errors.
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Table 1.5 Regression Results using Different Beta Measures (AQ)

VARIABLES
Leverage
Size
Capital
ROA
σ(NI)
Longtail
InnateAQ
Longtail*InnateAQ
DiscAQ
ReCdAff
ReCdAff*InnateAQ
Observations
R-squared
Overall effect of
InnateAQ
As % of industry
average beta
F-statistic

(1)
CAPM
beta_OLS

(2)
CAPM
beta_minBIC

(3)
FF3F
beta_OLS

(4)
FF3F
beta_minBIC

(5)
Bayesian
beta

-0.2445*
(0.1483)
0.0365***
(0.0139)
-1.0899***
(0.2329)
-1.0789*
(0.6341)
2.3415***
(0.9001)
1.0667***
(0.1710)
15.0864***
(1.9554)
-26.9854***
(2.8337)
0.5877***
(0.2055)
-0.7300***
(0.1445)
4.7906*
(2.4587)
443
0.5818

-0.3150**
(0.1337)
0.0205
(0.0131)
-1.0773***
(0.2116)
0.4053
(0.4279)
0.6147
(0.8495)
1.2771***
(0.1637)
17.0703***
(2.0556)
-28.9076***
(3.0660)
0.4372**
(0.2033)
-0.6385***
(0.1272)
3.9766*
(2.3862)
443
0.5137

-0.3602**
(0.1554)
0.0471***
(0.0129)
-1.2554***
(0.2512)
-0.5922
(0.6602)
2.1804**
(0.9515)
0.7366***
(0.1879)
10.4476***
(2.4001)
-19.3770***
(3.4254)
0.9179***
(0.2417)
-0.6645***
(0.1362)
5.5254**
(2.4436)
443
0.3966

-0.3769***
(0.1406)
0.0406***
(0.0123)
-1.1836***
(0.2284)
0.6851
(0.4696)
0.6198
(0.8858)
0.7659***
(0.1712)
10.0018***
(2.3598)
-17.4372***
(3.4009)
0.7001***
(0.1936)
-0.5400***
(0.1264)
3.8024*
(2.2438)
443
0.2746

-0.3225*
(0.1828)
0.0220*
(0.0117)
-1.3133***
(0.2254)
0.0986
(0.5256)
1.1293
(0.8907)
0.7706***
(0.1441)
10.5434***
(1.4724)
-20.3500***
(2.0670)
0.4159*
(0.2403)
-0.7560***
(0.2332)
4.9394*
(2.9355)
384
0.4656

-0.0449***

-0.0153***

-0.0421***

-0.0173***

-0.0743***

-5.0112%
32.86

-1.7021%
30.97

-5.0784%
12.66

-2.0796%
10.47

-9.4230%
36.50

Note: This table reports regression results using different beta measures and the AQ measures defined by RE.
CAPM (FF3F) beta_OLS is the OLS estimate of beta from the CAPM (FF3F) model. CAPM (FF3F)
beta_minBIC is the beta estimated from the CAPM (FF3F) model with the minimum BIC among OLS,
GARCH and GJR-GARCH methods. Bayesian beta is the beta estimated by shrinking the rolling window
beta towards the prior beta based on firm fundamentals. Leverage is the total insurance-related debt scaled
by total admitted assets. Size is the natural log of total admitted assets. Capital is the ratio of surplus to total
admitted assets. ROA is the ratio of net income to total admitted assets. 𝜎(𝑁𝐼) is the standard deviation of
net income over the past 5 years scaled by total admitted assets. Longtail is the proportion of net premiums
written in long-tail business lines. ReCdAff is the ratio of reinsurance premiums ceded to affiliates to the sum
of direct premiums written and reinsurance assumed premiums. InnateAQ is the predicted value from the AQ
decomposition model in Table 1.2 Column (2), while DiscAQ is the residual. Year dummies and constant
terms are not reported to conserve space. Robust standard errors are in parentheses. *, **, and *** indicate
significance at the 10, 5, and 1 percent levels, respectively. The overall effect of InnateAQ is calculated using
the sample means of InnateAQ, Longtail and ReCdAff. F-statistics indicate the joint significance of InnateAQ
and its interactions with Longtail and ReCdAff.
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Table 1.6. Regression Results using Different Beta Measures (AQ1)

VARIABLES
Leverage
Size
Capital
ROA
σ(NI)
Longtail
InnateAQ
Longtail*InnateAQ
DiscAQ
ReCdAff
ReCdAff*InnateAQ
Observations
R-squared
Overall effect of
InnateAQ
As % of industry
average beta
F-statistic

(1)
CAPM
beta_OLS

(2)
CAPM
beta_minBIC

(3)
FF3F
beta_OLS

(4)
FF3F
beta_minBIC

(5)
Bayesian
beta

0.0030
(0.1914)
0.0316**
(0.0153)
-0.7590***
(0.2774)
-1.2191**
(0.5881)
2.6467***
(0.9865)
0.7770***
(0.2257)
31.8304***
(7.4750)
-57.5339***
(10.5625)
4.3660***
(1.2975)
-0.8034***
(0.1622)
15.1162**
(6.9324)
443
0.5401

0.0198
(0.1846)
0.0162
(0.0144)
-0.7207***
(0.2545)
0.1172
(0.4920)
1.4830
(1.0305)
0.7943***
(0.2140)
29.7537***
(7.6208)
-53.9060***
(10.8173)
4.1285***
(1.3076)
-0.7344***
(0.1409)
15.0816**
(5.9350)
443
0.4385

-0.1939
(0.1798)
0.0442***
(0.0143)
-1.0154***
(0.2777)
-0.6485
(0.6155)
2.1952**
(0.9503)
0.5204**
(0.2033)
22.4061***
(6.8537)
-40.0845***
(9.3827)
4.4028***
(1.3939)
-0.6542***
(0.1555)
12.1929*
(6.9285)
443
0.3569

-0.1926
(0.1660)
0.0391***
(0.0133)
-0.9683***
(0.2506)
0.5554
(0.4720)
1.0034
(0.9341)
0.4579***
(0.1758)
17.3285***
(5.9661)
-30.9847***
(8.1464)
4.2848***
(1.3703)
-0.5224***
(0.1247)
8.4274*
(5.0229)
443
0.2347

-0.2529
(0.2010)
0.0112
(0.0131)
-1.2656***
(0.2288)
-0.1730
(0.4990)
1.3748
(0.9182)
0.5701***
(0.2060)
21.1806***
(6.8737)
-44.4797***
(9.7811)
3.2889**
(1.4920)
-0.8597***
(0.2086)
14.8809**
(6.0950)
384
0.4341

-0.0402***

-0.0379***

-0.0225 ***

-0.0183***

-0.0954***

-4.4866%
13.16

-4.2163%
13.58

-2.7141%
7.59

-2.1998%
7.95

-12.0989%
11.91

Note: This table reports regression results using different beta measures and the AQ measures defined by RE1.
CAPM (FF3F) beta_OLS is the OLS estimate of beta from the CAPM (FF3F) model. CAPM (FF3F)
beta_minBIC is the beta estimated from the CAPM (FF3F) model with the minimum BIC among OLS,
GARCH and GJR-GARCH methods. Bayesian beta is the beta estimated by shrinking the rolling window
beta towards the prior beta based on firm fundamentals. Leverage is the total insurance-related debt scaled
by total admitted assets. Size is the natural log of total admitted assets. Capital is the ratio of surplus to total
admitted assets. ROA is the ratio of net income to total admitted assets. 𝜎(𝑁𝐼) is the standard deviation of
net income over the past 5 years scaled by total admitted assets. Longtail is the proportion of net premiums
written in long-tail business lines. ReCdAff is the ratio of reinsurance premiums ceded to affiliates to the sum
of direct premiums written and reinsurance assumed premiums. InnateAQ is the predicted value from the
AQ1 decomposition model in Table 1.2 Column (4), while DiscAQ is the residual. Year dummies and constant
terms are not reported to conserve space. Robust standard errors are in parentheses. *, **, and *** indicate
significance at the 10, 5, and 1 percent levels, respectively. The overall effect of InnateAQ is calculated using
the sample means of InnateAQ, Longtail and ReCdAff. F-statistics indicate the joint significance of InnateAQ
and its interactions with Longtail and ReCdAff.
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Table 1.7. Regression Results using Different Beta Measures (AQ (FLOS))

VARIABLES
Leverage
Size
Capital
ROA
σ(NI)
Longtail
InnateAQ
Longtail*InnateAQ
DiscAQ
ReCdAff
ReCdAff*InnateAQ
Observations
R-squared
Overall effect of
InnateAQ
As % of industry
average beta
F-statistic

(1)
CAPM
beta_OLS

(2)
CAPM
beta_minBIC

(3)
FF3F
beta_OLS

(4)
FF3F
beta_minBIC

(5)
Bayesian
beta

-0.2591*
(0.1489)
0.0357**
(0.0142)
-1.0226***
(0.2312)
-1.2931*
(0.6609)
1.9408*
(1.0172)
1.0671***
(0.1726)
9.3645***
(1.1894)
-15.6091***
(1.6954)
-0.3911**
(0.1990)
-0.6657***
(0.1574)
1.0232
(1.6167)
443
0.5627

-0.3352**
(0.1335)
0.0210
(0.0133)
-1.0108***
(0.2051)
0.1808
(0.4421)
0.1624
(0.9534)
1.2924***
(0.1667)
10.7577***
(1.2702)
-17.0532***
(1.8791)
-0.4731**
(0.1949)
-0.5657***
(0.1442)
0.4676
(1.6769)
443
0.4973

-0.3704**
(0.1532)
0.0454***
(0.0133)
-1.2266***
(0.2537)
-0.7311
(0.6871)
1.8011*
(1.0201)
0.7648***
(0.1982)
6.6602***
(1.5172)
-11.2343***
(2.1342)
-0.1021
(0.2434)
-0.5748***
(0.1481)
1.3612
(1.4928)
443
0.3641

-0.3960***
(0.1370)
0.0402***
(0.0124)
-1.1478***
(0.2249)
0.5799
(0.4825)
0.1195
(0.9513)
0.7994***
(0.1798)
6.6283***
(1.4876)
-10.3281***
(2.1243)
-0.2234
(0.2325)
-0.4432***
(0.1400)
0.3105
(1.4952)
443
0.2521

-0.0101***

0.0252***

-0.0102***

0.0239***

-0.0513**

-1.2304%
16.19

2.8729%
7.95

-6.5060%
21.91

-1.1272%
28.65

2.8034%
27.89

-0.3360*
(0.1820)
0.0209*
(0.0120)
-1.2548***
(0.2452)
-0.0555
(0.5346)
0.7005
(0.9816)
0.7453***
(0.1549)
6.2069***
(1.0563)
-11.1377***
(1.4222)
-0.2381
(0.3332)
-0.7151***
(0.2530)
1.2557
(2.0470)
384
0.4385

Note: This table reports regression results using different beta measures and the AQ measures defined in
FLOS. CAPM (FF3F) beta_OLS is the OLS estimate of beta from the CAPM (FF3F) model. CAPM (FF3F)
beta_minBIC is the beta estimated from the CAPM (FF3F) model with the minimum BIC among OLS,
GARCH and GJR-GARCH methods. Bayesian beta is the beta estimated by shrinking the rolling window
beta towards the prior beta based on firm fundamentals. Leverage is the total insurance-related debt scaled
by total admitted assets. Size is the natural log of total admitted assets. Capital is the ratio of surplus to total
admitted assets. ROA is the ratio of net income to total admitted assets. 𝜎(𝑁𝐼) is the standard deviation of
net income over the past 5 years scaled by total admitted assets. Longtail is the proportion of net premiums
written in long-tail business lines. ReCdAff is the ratio of reinsurance premiums ceded to affiliates to the sum
of direct premiums written and reinsurance assumed premiums. InnateAQ is the predicted value from the AQ
decomposition model in Table 1.2 Column (6), while DiscAQ is the residual. Year dummies and constant
terms are not reported to conserve space. Robust standard errors are in parentheses. *, **, and *** indicate
significance at the 10, 5, and 1 percent levels, respectively. The overall effect of InnateAQ is calculated using
the sample means of InnateAQ, Longtail and ReCdAff. F-statistics indicate the joint significance of InnateAQ
and its interaction with Longtail and ReCdAff.
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1.8. Conclusions
Whether and to what extent information risk affects the cost of equity is an
important question in the accounting and finance literature. Although recent theoretical
studies seem to reach a consensus that information risk is a significantly priced factor,
empirical evidence on this topic remains mixed. The insurance industry is a natural
environment for research on information risk because U.S. property-casualty insurers are
required to report the realization of loss reserves in their statutory accounting statements.
So loss reserve errors can be observed directly as opposed to abnormal accruals which
cannot be directly observed in other industries. EHZ is the first to take advantage of this
feature to investigate the relationship between information risk and the cost of equity using
a sample of U.S. property-casualty insurers. They measure information risk by the volatility
of loss reserve errors and find that it has no effect on the cost of equity capital.
In this paper, I develop a theoretical model that explores the relationship between
innate AQ and the cost of equity capital. My model shows that innate AQ affects the cost
of equity directly by affecting investors’ assessment of the riskiness of the insurer’s cash
flow and indirectly by affecting the insurer’s underwriting decisions. These two effects go
in opposite directions under certain conditions, thus the overall effect of innate AQ is
undetermined. If the effects happen to offset each other, I probably would observe an
insignificant impact.
I test my model predictions using a sample of U.S. property-casualty insurers. There
is some evidence that discretionary AQ increases the cost of equity capital. My results
indicate a significantly positive, direct effect of innate AQ on the cost of equity capital. I
also find that the magnitude of the (negative) indirect effect increases with an insurer’s
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proportion of long-tail business and decreases with its affiliated reinsurance usage. The
overall impact of innate AQ on the cost of equity is negative, indicating that the (negative)
indirect effect outweighs the (positive) direct effect. I also find that the overall effect of
AQ (including both innate AQ and discretionary AQ) on the cost of equity is on average
negative. In other words, my research shows that more information risk may negatively
affect the firm’s cost of equity and thus increase the firm’s value. Kanodia, Singh, and
Spero (2005) find that imprecision in accounting measures interacted with information
asymmetry can be value-enhancing for the firm. Although my model is different, my
conclusion is consistent with Kanodia, Singh, and Spero (2005).
This study can be extended in two ways. First, future research is needed to
determine the relative impact of the direct and indirect effects. My theoretical model
indicates that the direction of the direct and indirect effects are opposite to each other, and
the empirical results show that the negative indirect effect dominates the positive direct
effect for the US property-casualty industry. One extension of the current research is to
derive the conditions under which one effect dominates the other. Second, the model in
this research assumes managers disclose all relevant information to investors. Further
research is needed to develop a model in which information asymmetry is incorporated.
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CHAPTER 2
COORDINATION OF CAPITAL, EARNINGS, AND TAXES IN THE U.S.
PROPERTY-CASUALTY INSRUANCE INDUSTRY
2.1. Introduction
This study investigates how property-casualty (P-C) insurers manage accruals and
real transactions to achieve regulatory capital, earnings, and tax planning goals. The bulk
of existing studies in the P-C insurance industry mainly focus on managerial discretion
over an insurer-specific accrual, loss reserves, in isolation (e.g., Smith, 1980; Weiss, 1985;
Grace, 1990; Petroni, 1992; Beaver, MacNichols, and Nelson, 2003; Gaver and Paterson,
2004; Grace and Leverty 2010, 2012). The implicit underlying assumption of these prior
studies is that all real transaction decisions are fixed when managers exercise discretion
over loss reserves. However, managers can also alter reported earnings and capital levels
and reduce expected taxes by managing operating, financing, and investing decisions. Very
little research has considered real activities as another source of discretionary tools for
managers to coordinate various reporting goals. Moreover, managerial decisions on
accruals and real activities are likely to be determined simultaneously, as the costs of
undertaking different discretionary tools for various reporting purposes are different.
To capture the interdependencies among managerial tools, I examine one accrual
tool, loss reserve errors, together with two real transaction tools: realized capital gains
(losses) from investment sales, and capital contributions. Following prior literature (e.g.,
Beatty, Chamberlain, and Magliolo, 1995; Mikhail, 1999), P-C insurer managers are
hypothesized to minimize the combined costs of deviating from capital, earnings and tax
goals, as well as the costs of exercising discretion over these three managerial tools. The
solution to the cost minimization problem is a system of three equations, one for the optimal
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level of each discretionary tool. In each equation of the system, the dependent variable is
one of the three tools, while the independent variables of interest are pre-managed capital,
pre-managed earnings, and the marginal tax rate.
My results suggest that when P-C insurers have lower pre-managed capital levels,
managers will report income-increasing loss reserve errors, recognize more realized capital
gains by selling appreciated assets, and receive more capital contributions. P-C insurers
with lower pre-managed earnings are likely to report income-increasing loss reserve errors.
When P-C insurers have higher marginal tax rates, managers are likely to report incomedecreasing loss reserve errors and sell more assets associated with realized capital losses.
Further, this study examines the effect of ownership structures on how P-C insurers
use discretionary tools to achieve reporting goals. The agency conflicts vary across public,
private stock and mutual insurers, so the degree of managerial discretion may vary across
different ownership structures. I find that public firms manage capital more aggressively
through capital contributions because of their relatively greater access to capital markets.
Mutual firms manage capital less aggressively through capital contributions than private
stock firms because of their relatively limited access to external capital.
There is limited evidence that public firms and private stock firms behave
significantly differently in capital, earnings or tax management through loss reserve errors
and realized capital gains (losses). Although public firms may manage capital or earnings
more aggressively than private stock firms due to capital market pressure, public firms are
subject to external monitoring from the Securities and Exchange Commission (SEC),
capital markets, auditors, and the potential takeover market. The strong external monitoring
may prevent public firms from more aggressive capital or earnings management through
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loss reserve errors and realized capital gains (losses). Therefore, the relative degree of
capital or earnings management of public firms versus private stock firms depends on the
effectiveness of the external monitoring for public firms. The diffused ownership of public
firms may preclude owners from understanding tax planning strategies which may decrease
short-term reported earnings but maximize firm value in the long-term. Institutional
investors of public firms, however, could help mitigate this problem. Hence, public firms
do not manage taxes less aggressively than private stock firms.
As for mutual firms, they mainly write business with less managerial discretion,
thus they are less aggressive than private stock firms in capital management through loss
reserve errors and realized capital gains (losses). Due to diffused ownership, mutual firms
manage earnings more aggressively than stock firms through loss reserve errors and
realized capital gains (losses); they manage taxes less aggressively through loss reserve
errors and realized capital gains (losses). For all three ownership structures, there is
evidence of capital, earnings, and tax management by different discretionary tools. The
extent that specific tools are utilized varies across ownership types.
This study makes several contributions to the existing P-C insurance industry
literature. This is the first study that investigates how P-C insurer managers achieve capital,
earnings, and tax goals by one accrual tool (i.e., loss reserve errors) together with two real
transaction tools (i.e., realized capital gains (losses), and capital contributions). To my
knowledge, Adiel (1996) and Gaver and Paterson (1999) are the only papers to study how
P-C insurer managers use real transaction tools for managerial purposes. However, Adiel
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(1996) examines the usage of reinsurance in isolation.39 Gaver and Paterson (1999) focus
on how P-C insurers achieve regulatory and tax goals through loss reserves, net capital
gains (losses) on bond investments, and net stock transactions. My study focuses on the
coordination of capital, earnings, and tax goals. The findings in this study suggest that PC insurers simultaneously use multiple managerial discretionary tools to manage multiple
reporting objectives.
Second, this study includes three different types of ownership structures, i.e., public,
private stock, and mutual firms. However, Adiel (1996) and Gaver and Paterson (1999) use
rather restricted samples. Adiel (1996) uses a sample of unaffiliated-single stock insurers.
Gaver and Paterson (1999) use a sample of stock insurers. The distinction between the
three types of ownership structures used in this study enable me to further explore the effect
of ownership structures on managerial discretion for capital, earnings, and tax goals. The
findings in this study indicate that capital, earnings, and tax management of different types
of firms are subject to different levels of managerial discretion.
This research is important because it advances the large literature on loss reserve
errors by providing evidence that loss reserve errors do not exist in a vacuum. Rather, loss
reserve errors are considered simultaneously with other real transactions. It suggests that
when regulators and investors evaluate P-C insurers’ performance, they should consider
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Adiel (1996) and Mikhail (1999) investigate reinsurance as a tool for insurers to meet reporting goals. They
argue that reinsurance provides an enhancement to the ceding company’s earnings and capital because the
ceding company will receive a ceding commission from the reinsurer to cover its underwriting and
administrative expenses. The receipt of the ceding commission decreases the ceding company’s expense,
increases its earnings and thus increases its capital level. However, the ceding company only receives a
ceding commission in a proportional reinsurance transaction. The ceding company will not receive a ceding
commission in an excess of loss reinsurance transaction. Therefore, it is hard to measure pre-managed
earnings and capital before the usage of reinsurance. Hence, I do not consider reinsurance as a discretionary
tool in this study.
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managerial discretion through both the accrual tool and the real transaction tools. Moreover,
my findings suggest that regulators and investors should evaluate capital, earnings, and tax
management of different types of firms with different emphases. For example, as stock
firms manage capital more aggressively through loss reserve errors and realized capital
gains (losses) than mutual firms, regulators and investors should consider managerial
discretion more carefully when they evaluate capital levels of stock firms. Similarly, as
mutual firms manage earnings more aggressively through loss reserve errors and realized
capital gains (losses) than stock firms, regulators and investors should consider managerial
discretion more carefully when they evaluate earnings of mutual firms.
The remainder of this paper is organized as follows. Section 2.2 provides a review
of the existing literature. Section 2.3 formulates hypotheses. Section 2.4 develops the
empirical model and constructs variables. Section 2.5 describes the sample data. Section
2.6 discusses the empirical results. Section 2.7 concludes.
2.2. Literature Review
This paper builds on prior research investigating the coordination of regulatory
capital, earnings and tax management in the banking and life insurance industries. Beatty,
Chamberlain, and Magliolo (1995) study how banks manage accruals and other
transactions to achieve capital, earnings, and tax goals. They provide evidence that bank
managers trade off accruals and financing discretion to meet capital and earnings goals.
But they do not find evidence of tax planning through the timing of the discretionary tools.
Following Beatty, Chamberlain, and Magliolo (1995), Mikhail (1999) uses a
similar framework to examine the coordination of regulatory capital, earnings, and tax
planning goals in the life insurance industry. Moreover, Mikhail (1999) assesses how
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ownership structures in the life insurance industry (i.e., public, private stock, and mutual)
affect the types of discretionary tools undertaken for different managerial goals. He finds
that all types of firms manage capital and earnings, while the specific tools employed vary
across ownership structures. The results suggest that only private stock companies are
aggressive tax managers, but public and mutual life insurers do not manage taxes. Similar
to public firms, mutual firms have diffused ownership structures and thus face similar
agency problems. But mutual insurers are not subject to stock market concerns that affect
public firms. Therefore, the main conclusion is that the difference in tax management
between publicly traded and privately held stock firms results from agency costs instead of
stock market concerns.
Following Beatty, Chamberlain, and Magliolo (1995) and Mikhail (1999), this
paper studies how P-C insurers use discretionary tools to meet regulatory capital, earnings
and tax goals. Prior P-C insurance literature has dealt with these tools, although not usually
in a simultaneous framework. In the remainder of this section, prior studies on loss reserve
errors and real transaction tools are reviewed, respectively.
2.2.1. Loss Reserve Errors
Prior literature on loss reserve errors focuses on the following four incentives for
insurers to manipulate loss reserves: (1) earnings management, (2) tax management, (3)
solvency regulation, and (4) rate regulation.
2.2.1.1 Earnings Management
Incurred losses in a given year are expensed immediately and thus impact earnings,
providing an opportunity for earnings management through errors in estimating incurred
loss (i.e., loss reserve errors). Prior studies focus on two incentives for insurer earnings
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management through loss reserve errors. First, firms may smooth income by managing loss
reserves, as stabilized income may signal low firm risk and increase firm value.
Weiss (1985) finds evidence that insurers manipulate loss reserves to smooth
underwriting results. Insurers under-reserve (over-reserve) when the actual combined ratio
is high (low). As a result, reported underwriting earnings become less volatile. Grace (1990)
develops a theoretical model in which insurers may generate reserve errors to smooth
reported income. Her empirical results support the income smoothing hypothesis. That is,
she finds that insurers will under-reserve (over-reserve) to smooth earnings up (down) to
align with high (low) average earnings in the past three years.
Beaver, McNichols, and Nelson (2003) investigate loss reserve management across
the entire distribution of earnings. They find that P-C insurers with small profits are more
likely to report income-increasing reserves and firms with the highest profits are more
likely to report income-decreasing reserves. They also find evidence that insurers with
small profits are more likely to report income-increasing reserves than insurers with small
losses. Moreover, they find that public and mutual companies manage loss reserves to
avoid losses, but that private stock companies do not.
Second, executive compensation may be linked to earnings to align the conflicting
interests between managers and owners. Browne, Ma, and Wang (2009) argue that stockbased executive compensation creates an earnings management incentive for insurance
managers to manipulate loss reserves. They find evidence that increases in executive
compensation exposure to movements in stock price are related to greater under-reserving
errors or small over-reserving errors (i.e., income-increasing reserves). Eckles et al. (2011)
investigate how executive compensation and corporate governance jointly affect insurers’
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earnings management behavior. Managers receiving larger bonuses and stock awards are
more likely to report income-decreasing reserves. The relationship between compensation
components and loss reserve errors is stronger for firms with ineffective board structures.40
2.2.1.2 Tax Management
Grace (1990) argues that loss reserve estimates are used in the calculation of tax
liabilities and thus create an opportunity for insurers to use loss reserve errors to manage
taxes. Insurers can reduce their current tax liabilities by overestimating their loss reserves,
deferring the payment of taxes to the future when ultimate claim payments are better known.
Her empirical tests suggest that insurers with higher incentives for tax reductions are likely
to report over-reserving errors. Cummins and Grace (1994) find evidence that insurers use
loss reserves to shelter income from federal taxation. Grace and Leverty (2010, 2012)
provide evidence that insurers with higher tax rates or higher tax shields overstate reserves
compared to insurers with lower tax rates or lower tax shields.41
2.2.1.3. Solvency Regulation
The National Association of Insurance Commissioners (NAIC) has adopted a series
of solvency monitoring systems: the Insurance Regulatory Information System (IRIS) in
1972, the Financial Analysis and Surveillance Tracking (FAST) system in 1993, and the
Risk-Based Capital (RBC) system in 1994. Prior studies suggest that financially weak
insurers understate loss reserves to enhance solvency and thus avoid regulatory scrutiny.
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Eckles et al. (2011) consider three factors of a board: (1) the relative size of the board, (2) the relative
independence of the board, (3) whether the CEO is also chairman of the board. If a firm meets at least two of
these three criteria (large, less independent, or CEO duality), the firm is considered to have an ineffective
board structure.
41

Tax shield measures the level of taxable income before loss reserves are determined as a percentage of
total admitted assets. Grace and Leverty (2010, 2012) argue that insurers overstate future claim costs as
taxable income increases, thus tax shield is positively related to over-reserving.
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Petroni (1992) defines an insurer’s financial condition based on IRIS ratios. She
finds that financially weak insurers underestimate their loss reserves relative to financially
strong insurers. She also provides evidence that insurers “close” to receiving regulatory
attention underestimate reserves to a larger extent. Gaver and Paterson (2004) find that
insurers that would violate four or more IRIS ratios (based on estimated financial results
corrected for the loss reserve errors) understate their reserves to reduce the number of
violations to less than four. This suggests that insurers manage loss reserves to avoid
regulatory intervention because regulators should conduct further investigation of insurers
with four or more IRIS ratios falling outside of the acceptable thresholds.
As IRIS ratios and their regulatory thresholds are publicly known, insurers can
manage reserves to game the system. In contrast, the details of the FAST scoring system
are not publicly known, making it difficult for insurers to game the system. Grace and
Leverty (2010) question the validity of the IRIS-based definition of financial weakness.
Instead, they estimate the probability of insolvency by using a discrete-time hazard model
and some ratios known to be used in FAST. Their findings confirm that financially weak
insurers are more likely to understate their reserves.
2.2.1.4. Rate Regulation
Insurers are also subject to rate regulation in particular lines in particular states.
Rates should not be excessive to ensure insurance affordability. Rates should not be
inadequate to ensure insurers’ solvency. Loss reserve estimation is a primary input of ratemaking. Therefore, it may be possible for insurers to exercise discretion over loss reserves
to obtain a desired rate level. Nelson (2000) argues that P-C insurers have an incentive to
understate loss reserves and thus charge lower rates to gain more business from competitors,
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given the competitive nature of the P-C insurance market. She provides evidence of an
implicit discount rate between reported loss reserves and expected future claim payments.
She finds that insurers subject to relatively stringent rate regulation discount reported loss
reserves to a greater extent than insurers subject to relatively lenient rate regulation. That
is, insurers operating in more stringent regulatory environments understate their loss
reserves to a greater extent.
In contrast, Grace and Leverty (2010, 2012) find that insurers subject to relatively
stringent rate regulation overstate loss reserves. They argue that regulators are concerned
about insurance affordability and usually suppress the rate below the economic cost of
writing business. Therefore, stringent rate regulation motivates insurers to over-reserve so
that they can inflate the regulated rate to the competitive level.
2.2.2. Real Transaction Tools
Adiel (1996) and Gaver and Paterson (1999) are the only two papers to study how
P-C insurer managers use real transaction tools for managerial purposes. Adiel (1996)
examines the usage of reinsurance in isolation for regulatory and tax purposes. He finds
that insurers utilize reinsurance transactions to reduce regulatory costs. But he finds no
evidence that the reinsurance usage level is related to the insurer marginal tax rate. Gaver
and Paterson (1999) investigates how insurers achieve regulatory and tax goals through
loss reserve estimates, net capital gains (losses) on debt investments, and net stock
transactions. They find that IRIS ratios are enhanced by reporting lower loss reserves,
recognizing more capital gains, and issuing stocks. Taxable income is reduced by reporting
higher loss reserves and lower capital gains. However, Adiel (1996) and Gaver and
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Paterson (1999) use rather restricted samples. Adiel (1996) uses a sample of unaffiliatedsingle stock insurers. Gaver and Paterson (1999) use a sample of stock insurers.
Therefore, despite extensive studies on loss reserve errors, there is relatively limited
research on the usage of real transaction tools for managerial purposes. This study intends
to fill this gap by investigating how P-C insurers simultaneously use accrual and real
transaction tools to achieve managerial goals. Adiel (1996) and Gaver and Paterson (1999)
focus on regulatory and tax goals, whereas my study focuses on the coordination of capital,
earnings and tax goals. Moreover, this study includes three different types of ownership
structures, i.e., public, private stock, and mutual firms. The distinction between the three
types of ownership structures in this study enable me to further explore the effect of
ownership structures on managerial discretion for capital, earnings, and tax goals.
2.3. Hypotheses
Following Beatty, Chamberlain, and Magliolo (1995) and Mikhail (1999), I assume
that P-C insurer managers utilize discretionary tools to achieve capital and earnings goals
and to minimize tax payments. Regulators monitor insurers’ solvency status, so insurers
need to keep adequate capital to avoid regulatory scrutiny. Rating agencies also consider
capital adequacy in rating insurers. Given that holding excessive capital is costly, managers
have incentives to use discretionary tools to achieve optimal capital levels.42 Shareholders
and policyholders associate insurers’ risk with income variability (e.g. Fama and Miller,
1972; Foster, 1977). Smoothed income can lower the cost of insurers’ external financing
(e.g., Froot, Scharfstein, and Stein, 1993). Rating agencies also consider earnings stability

42

See, for example, Cheng and Weiss (2012) and Fier, McCullough, and Carson (2013) for studies on the
existence of optimal capital structures in the P-C insurance industry.
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in rating insurers. Executive compensation contracts linked to earnings may also motivate
managers to manipulate reported earnings. Therefore, managers have incentives to use
discretionary tools to achieve optimal earnings. Tax incentives exist because insurers can
decrease the present value of tax payments by managing taxable income through
discretionary tools.
My study examines three discretionary tools P-C insurers could potentially use to
achieve capital, earnings and tax planning goals: loss reserve errors, realized capital gains
(losses), and capital contributions. Each of these tools is discussed below.
2.3.1. Loss Reserve Errors
Loss reserves are an insurer’s largest liability, generally accounting for over fifty
percent of an insurer’s total liabilities (A.M. Best, 2016). They are an estimate of an
insurer’s unpaid claims for all losses that occurred prior to the balance sheet date. Reserves
are challenging to estimate in practice, as not all claims for current period losses are filed
or settled by the balance sheet date. Nelson (2000) illustrates the average claims settlement
period (i.e., when all outstanding claims are paid) ranges from 7 years for homeowners
insurance to 20 years for medical malpractice insurance. The amount of incurred losses for
a given year is not known with certainty until all the claims have been settled. Therefore,
actuaries initially estimate incurred losses for unpaid claims based on an insurer’s loss
experience and the industry’s loss experience. These estimates are reflected in loss reserves.
The original estimates are revised in later years when more information is available.
The uncertainties in estimating incurred losses provides an opportunity for insurers
to achieve capital, earnings and tax goals through the estimation errors in incurred losses.
If an insurer understates (overstates) its incurred loss, the reported earnings are increased
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(decreased) and thus the reported capital level is increased (decreased). Therefore, when
an insurer has relatively low pre-managed earnings, the insurer will understate its incurred
loss to increase earnings. When an insurer has a relatively low capital level, the insurer will
understate its incurred loss to increase the capital level. When an insurer faces a relatively
high marginal tax rate, the insurer will overstate its incurred losses to decrease the taxable
income. This discussion leads to the following hypotheses:
Hypothesis 1(a): Insurers understate (overstate) incurred losses when premanaged capital is relatively low (high).
Hypothesis 1(b): Insurers understate (overstate) incurred losses when premanaged earnings are relatively low (high).
Hypothesis 1(c): Insurers understate (overstate) incurred losses when the marginal
tax rate is relatively low (high).
2.3.2. Realized Capital Gains (Losses)
Realized capital gains (losses) arise when an invested asset is sold, and it is defined
as the difference between the investment’s market and book values, less any commissions
and sales taxes. Managers can exercise discretion over which investments are sold and the
timing of the transaction. By choosing to sell certain investments, managers can control
the reported level of realized capital gains (losses). Given that relatively little effort is
associated with investment sales, managers can use realized capital gains (losses) to
achieve capital, earnings, and tax goals. Recognition of realized capital gains (losses)
boosts (reduces) overall income and thus increases (decreases) the capital level. Therefore,
when an insurer has relatively low pre-managed earnings, the insurer can boost earnings
by selling more appreciated assets and reporting more realized capital gains. When an
insurer has a relatively low pre-managed capital level, the insurer will sell more appreciated
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investments to increase the capital level.43 When an insurer faces a relatively high marginal
tax rate, the insurer can decrease taxable income by selling more investments associated
with realized capital losses.44 This discussion leads to the following hypotheses:
Hypothesis 2(a): Insurers recognize more realized capital gains (losses) when premanaged capital is relatively low (high).
Hypothesis 2(b): Insurers recognize more realized capital gains (losses) when premanaged earnings are relatively low (high).
Hypothesis 2(c): Insurers recognize more realized capital gains (losses) when the
marginal tax rate is relatively low (high).
2.3.3. Capital Contributions
An insurer with inadequate capital can generate new capital or conserve capital
through external capital contributions or dividend cuts. Stock insurers can issue stocks to
raise capital from capital markets and/or from parents, subsidiaries, and affiliates. Surplus
notes are securities issued mostly by mutual insurers to raise capital. Stock insurers can
also issue surplus notes as alternatives to issuing stocks. Dividends paid to shareholders
can be considered as “negative” capital contributions. An insurer facing a capital drain can
reduce the dividends paid to its holding parent company. Therefore, capital contributions
can be used to manage capital.45 Insurers with inadequate capital can increase the capital

The majority of insurers’ invested assets are bonds. Under statutory accounting principles, bonds are
reported at amortized values. Insurers do not recognize unrealized capital gains (losses) on bonds in capital
(surplus). Unrealized capital gains (losses) are recognized in the capital (surplus) account only for stock
investments. Therefore, Hypothesis 2(a) mainly applies to bond investments. But bonds are the most
important investment.
43

For a corporation, capital gains (losses) are simply added to the corporation’s ordinary income along with
other income items and taxed at the corporate tax rates (Internal Revenue Code Section 11).
44

45

Capital contributions are a capital item in financial statements. They have no direct impact on pre-managed
earnings and the marginal tax rate. Therefore, I have no hypotheses about pre-managed earnings and the
marginal tax rate.
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level by issuing securities or reducing dividend payments. This discussion leads to the
following hypothesis:
Hypothesis 3: Insurers receive more (fewer) capital contributions when premanaged capital is relatively low (high).
2.3.4. Ownership Structure and Capital, Earnings and Tax Incentives
The degrees of capital, earnings and tax management likely vary with the ownership
structure of a P-C insurer.46 The sample in my analysis includes public, private stock, and
mutual firms. In stock firms, the three roles of owners, managers, and policyholders are all
separated. Private stock firms are more likely to have fewer owners and some owners may
be managers. In mutual firms, the roles of owners and policyholders are merged.
Stock firms can raise new capital by issuing stocks. Public firms can raise capital
through the capital markets directly, whereas private stock firms cannot. Therefore, public
firms have greater access to external capital than private stock firms, making capital
management through capital contributions more possible. Mutual insurers can raise
external capital through issuing surplus notes, whereas stock firms can also issue surplus
notes as alternatives to issuing stocks. Since the only avenue for mutual firms to raise new
capital is to issue surplus notes, mutual firms have more limited access to external capital
than private stock firms. Therefore, capital management through capital contributions is
less possible for mutual firms.

Mikhail (1999) studies how life insurers’ capital, earnings and tax management vary across different
ownership structures. He finds that public firms manage capital more aggressively than private stock firms
through reserves; they manage capital less aggressively than private stock firms through realized capital gains
(losses) and dividends. Public firms manage earnings less aggressively than private stock firms through
reserves; they manage earnings as aggressively as private stock firms through realized capital gains (losses).
Public firms manage taxes less aggressively than private stock firms through reserves; they are equally likely
to manage taxes as private stock firms through realized capital gains (losses). However, there is no evidence
that the capital, earnings, and tax management of mutual firms are significantly different from those of private
stock firms. My results based on a sample of P-C insurers are rather different from Mikhail’s results.
46
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Another component of capital contributions is stockholder dividends; and stock
insurers with inadequate capital can reduce stock dividends. Stock insurers issue stock
dividends more frequently than they raise new capital.47 Lintner (1956) posits that many
public firms adopt predictable dividend plans or, at least, seek to never cut dividends if at
all possible. Similar arguments have not been made for private stock firms; in fact since
owners are expected to more closely scrutinize insurers in private stock firms than in public
or mutual firms, it is plausible to think that dividend policy would more closely reflect the
need for capital by private stock firms. Therefore, dividends in public firms are expected
to be more aggressively managed than in private stock firms. On the other hand, mutual
firms have no stockholders and hence do not pay stockholder dividends; thus, mutual firms
do not have the same capacity for managing capital contributions as stock firms. Therefore,
mutual firms are expected to manage capital through capital contributions less aggressively
than for private stock insurers overall. This discussion leads to the following hypotheses:
Hypothesis 4(a): Public firms manage capital more aggressively than private stock
firms through capital contributions.
Hypothesis 4(b): Mutual firms manage capital less aggressively than private stock
firms through capital contributions.
As discussed above, public firms have greater capacity for managing capital
through capital contributions than private stock firms, thus they are expected to manage
capital through loss reserve errors and realized capital gains (losses) less aggressively than
private stock firms. In contrast, mutual firms have less capacity for managing capital
47

For my sample, the frequency of public insurers receiving capital infusions is 24.74 percent out of 5,759
firm-years, whereas the frequency of public insurers paying stock dividends is 46.01 percent out of 5,759
firm-years. The frequency of private stock insurers receiving capital infusions is 20.87 percent out of 6,403
firm-years, whereas the frequency of private stock insurers paying stock dividends is 27.08 percent out of
6,403 firm-years. The frequency of mutual insurers receiving capital infusions is 7.73 percent out of 4,698
firm-years.
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through capital contributions than private stock firms, thus they are expected to manage
capital through loss reserve errors and realized capital gains (losses) more aggressively
than private stock firms.48 This leads to the following hypotheses:
Hypothesis 4(c): Public firms manage capital less aggressively than private stock
firms through loss reserve errors and realized capital gains (losses).
Hypothesis 4(d): Mutual firms manage capital more aggressively than private
stock firms through loss reserve errors and realized capital gains (losses).
Public and mutual firms are characterized by the separation of owners and
managers, as they both have diffused ownership. Managers of such firms do not bear the
full wealth effects of their decisions and thus may act in their own interest. In contrast,
private stock firms generally have fewer owners and the owner-manager functions are at
least partly combined, leading to much better alignment between owners and managers. In
addition, the relatively fewer number of owners in private stock firms should provide more
direct scrutiny of firm operations. Managerial compensation is usually linked to firm
performance such as accounting earnings. The characteristic of diffused ownership in
public and mutual firms taken alone could mean that managers of such firms may engage
in more aggressive earnings management than managers of private stock firms. 49 In
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The underlying assumption in making the following two hypotheses is that the degree of capital
management incentive in public firms or mutual firms is as much as that in private stock firms. It is plausible
to make this assumption since NAIC regulates all three types of P-C insurers for solvency and capital
adequacy. Admittedly, public firms may have greater capital management incentive due to capital market
pressure; mutual firms may have less capital management incentive since they operate in lines with less
managerial discretion.
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There is little empirical evidence about this in insurance. Beaver, McNichols, and Nelson (2003) find that
public and mutual insurers manage loss reserves to avoid reporting losses, but private stock insurers do not.
There is a literature that compares earnings management of public and private stock banks. For example,
Beatty and Harris (1998) find that public banks engage in earnings management through realizations of
securities gains (losses) more aggressively than private stock banks. Beatty, Ke and Petroni (2002) find that
relative to private stock banks, public banks are more likely to eliminate small earnings decreases through
loan loss provision and security gain realizations.
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addition, according to the “opportunistic behavior” hypothesis of financial reporting which
predicts public firms have lower financial reporting quality (FRQ) than private stock firms,
managerial incentives for earnings management in public firms could be exacerbated by
capital market pressure and equity-based compensation packages (e.g., Graham, Havery,
and Rajgopal, 2005; Givoly, Hayn and Katz, 2010).
However, public firms receive extensive scrutiny from external monitors such as
the SEC, capital markets, auditors, and the potential takeover market (Fama and Jensen,
1983). Hence it is expected that this monitoring effectively curbs the agency problem
caused by the separation of owners and managers and thus suppresses earnings
management in public firms. Furthermore, more recent studies support the “demand”
hypothesis of financial reporting which predicts that public firms have higher FRQ than
private stock firms because public firms have incentives to provide higher quality financial
information to meet the information demands of investors and creditors (e.g., Ball and
Shivakumar, 2005; Burgstahler, Hail, and Leuz, 2006; Hope, Thomas, and Vyas, 2013). In
contrast, capital providers of private stock firms can rely less on financial reporting because
the more concentrated ownership and less separation of owners and managers enable them
to have greater insider access to relevant information. Considering the external monitoring
of public firms and the demand hypothesis of financial reporting, I do not expect that public
firms engage in more aggressive manipulation of reported earnings through loss reserve
errors and realized capital gains (losses) than private stock firms.
On the other hand, external monitoring of mutual firms is not nearly as effective as
for public firms, leading to a worsened agency problem between owners and managers in
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mutual firms.50 To counteract the agency costs, mutual firms are expected to operate in
lines of business with less managerial discretion (Mayers and Smith, 1988). That is,
performance is more easily monitored by all interested parties in simple lines with good
actuarial tables, so mutual firms are expected to operate in these lines. However, there is
no evidence that operating in lines with good actuarial tables entirely curbs manipulation
of reported earnings in mutual firms. Thus, I expect more aggressive earnings management
through loss reserve errors and realized capital gains (losses) in mutual firms than private
stock firms. This discussion leads to the following hypotheses:
Hypothesis 5(a): Public firms do not manage earnings more aggressively than
private stock firms through loss reserve errors and realized capital gains (losses).
Hypothesis 5(b): Mutual firms manage earnings more aggressively than private
stock firms through loss reserve errors and realized capital gains (losses).
As argued above, private stock firms generally have fewer owners and the ownermanager functions are at least partly combined, so private stock firms should be more
transparent to their owners than public and mutual firms. Therefore, owners of private stock
firms should be less concerned with the appearance of reported earnings flows than owners
of public and mutual firms. As a result, owners of private stock firms should be able to see
through tax management schemes which minimize taxes but decrease reported earnings.
For example, over-reserving results in lower reported earnings to the IRS, and, hence,
lower taxes. Realizing capital losses would help to shield income from taxation but would
result in lower reported earnings. In contrast, stockholders of public firms should be more
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Mutual firms mainly receive external scrutiny from regulators and auditing firms. In theory, policyholders
of mutual firms can mount a takeover for a mutual. However, in practice, the incentives are weaker since
policyholders would have to remove existing management through a proxy fight which is expensive (Mayer
and Smith, 1988).
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sensitive to reported earnings (especially their trend). Hence, managers of public firms may
be less willing to engage in tax minimization than managers of private stock firms, if tax
minimization results in lower reported earnings. Further, reporting lower earnings may lead
to less manager compensation for both public and mutual firms, if manager compensation
is related to earnings performance. The characteristic of relatively concentrated ownership
structure in private stock firms taken alone suggests that private stock firms should be more
aggressive in tax management than public and mutual firms.51
However, more recent studies argue that institutional investors of public firms can
help mitigate the agency conflicts between owners and managers, and alleviate managerial
effort-aversion to aggressive tax management which may decrease short-term reported
earnings but enhance long-term firm value.52 Institutional investors push public firms for
better overall firm performance, directly leading to greater tax savings. The monitoring of
institutional investors could also result in improved corporate governance, better aligned
managerial incentives, and a more transparent information environment, indirectly leading
to greater tax savings (e.g., Cheng, et al., 2012; Bird and Karolyi, 2017; Khan, Srinivasan,
and Tan, 2017; Chen, et al., 2019). Considering the effect of institutional investors on
public firms’ tax planning, I do not expect that public firms manage taxes less aggressively
through loss reserve errors and realized capital gains (losses) than private stock firms.
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There is little empirical evidence about this in the insurance literature. Mikhail (1999) utilizes a sample of
U.S. life insurance companies and finds that private stock life insurers manage taxes, but public and mutual
life insurers do not. Beatty and Harris (1998) find some evidence that private banks engage in tax
management, but public banks do not.
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Gillan and Starks (2003) document that institutional investors have become a significant component of
equity markets around the world. In the U.S., institutional investment grew from 6.1% of aggregate
ownership of equities in 1950 to over 50% by 2002.
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On the other hand, owners of mutual firms are individual policyholders. They are
not able to influence firm performance as effectively as institutional investors of public
firms. Also, they may not have the knowledge and expertise to appreciate the long-term
benefits of tax management. Therefore, I expect that the diffused ownership structure of
mutual firms make them manage taxes less aggressively through loss reserve errors and
realized capital gains (losses) than private stock firms. This discussion leads to the
following hypotheses:
Hypothesis 6(a): Public firms do not manage taxes less aggressively than private
stock firms through loss reserve errors and realized capital gains (losses).
Hypothesis 6(b): Mutual firms manage taxes less aggressively than private stock
firms through loss reserve errors and realized capital gains (losses).
2.4. Methodology
2.4.1. Model Specification
Following Beatty, Chamberlain, and Magliolo (1995) and Mikhail (1999), I assume
that P-C insurer managers utilize discretionary tools to achieve exogenous and uncertain
capital and earnings goals and to minimize tax payments. The discretionary tools assumed
to be available for P-C insurer managers to achieve these goals are errors in estimating
incurred losses (loss reserve errors), realization of capital gains (losses), and capital
contributions. In the absence of the three managerial goals, each tool is assumed to have a
nondiscretionary component corresponding to its optimal level based on insurers’
economic activities; deviations from this optimal level for managerial purposes are
assumed to be costly. For example, the nondiscretionary component of loss reserve errors
depends on the techniques for estimating the unpaid claim payments for different lines of
business underwritten. Recording inadequate reserves (by understating incurred losses)
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may result in regulatory investigation, while overstating loss reserves (by overstating
incurred losses) may result in an IRS audit. Like the capital and earnings goals, the
nondiscretionary component for each tool is exogenous and not known by managers.
Therefore, P-C insurer managers minimize the combined costs of deviating from capital,
earnings, and tax planning goals as well as the costs of exercising managerial discretion
over the three tools. Let Cx() denote the cost of deviating from a goal or the
nondiscretionary component of a tool (x). The cost minimization problem facing managers
can be stated as follows:

Minimize Cost
RES , REALSG , CAPCNTR









 CCR CRi ,t  CR i ,t  1i ,t  CROA ROAi ,t  ROAi ,t   2i ,t   MTRi ,t  TXEi ,t 







 CRES RESi ,t  RES i ,t  3i ,t  CREALSG REALSGi ,t  REALSG i ,t   4i ,t



 CCAPCNTR CAPCNTRi ,t  CAPCNTR i ,t  5i ,t





(1)

such that:

CRi ,t  CAPi ,t  1RESi ,t   2 REALSGi ,t   3CAPCNTRi ,t

(2)

ROAi ,t  EARN i ,t  1RESi ,t   2 REALSGi ,t

(3)

TXEi ,t  TXEARN i ,t  1RESi ,t  2 REALSGi ,t

(4)

where

RESi ,t = the loss reserve error for firm i in year t,

REALSGi ,t = realized capital gains (losses) for firm i in year t,
CAPCNTRi ,t = capital contributions for firm i in year t,
CRi ,t = the year-end reported capital for firm i in year t,
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ROAi ,t = the year-end reported pretax earnings for firm i in year t,
MTRi ,t = the marginal tax rate for firm i in year t,
TXEi ,t = taxable income for firm i in year t,
CAPi ,t = pre-managed capital before discretionary transactions for firm i in year t,

EARNi ,t = pre-managed pretax earnings before discretionary transactions for firm i
in year t,

TXEARNi ,t = pre-managed taxable income before discretionary transactions for
firm i in year t,

15i ,t = uncertainty about nondiscretionary components and earnings and capital
goals.
CRi ,t and ROAi ,t represent capital and earnings goals for firm i in year t,
respectively.
RES i ,t , REALSGi ,t , and CAPCNTR i ,t represent the nondiscretionary components
of loss reserve errors, realized capital gains (losses), and capital contributions for
firm i in year t, respectively.
Three first-order conditions can be obtained by differentiating the objective
function in equation (1). Following Beatty, Chamberlain, and Magliolo (1995) and Mikhail
(1999), I assume quadratic cost functions so that linear first-order conditions can be
obtained. Therefore, the objective function in equation (1) can be rewritten as follows:

Minimize Cost
RES , REALSG , CAPCNTR
2
2
1
 (1 CRi ,t  CR i ,t  1i ,t   2  ROAi ,t  ROAi ,t   2i ,t  )  MTRi ,t TXEi ,t 
2
2
2
1
 (3  RESi ,t  RES i ,t  3i ,t   4  REALSGi ,t  REALSG i ,t   4i ,t 
2
2

 5 CAPCNTRi ,t  CAPCNTR i ,t  5i ,t  )
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(5)

Here, 1 and 2 represent the cost of deviating from the capital and earnings goals,
while 3 through 5 represent the cost of exercising managerial discretion over the three
tools. I obtain the following three equations (6) – (8) by differentiating the objective
function in equation (5) with respect to each of the three endogenous choice variables.
Empirically, the three equations can be estimated as a simultaneous equations system.53
All variables used in empirical tests are defined in detail in Appendix E. All variables are
scaled by the year-end total admitted assets, except for indicator variables and where
otherwise indicated.
RESi ,t  1i ,t   12 REALSGi ,t   13CAPCNTRi ,t  11CAPi ,t  12 EARNi ,t
 13 MTRi ,t  14 RES i ,t  1i ,t
REALSGi ,t   2i ,t   21RESi ,t   23CAPCNTRi ,t   21CAPi ,t   22 EARNi ,t
  23 MTRi ,t   25 REALSG i ,t   2i ,t

CAPCNTRi ,t   3i ,t   31 RESi ,t   32 REALSGi ,t  31CAPi ,t  36 CAPCNTRi ,t
  3i ,t

(6)

(7)

(8)

where
RES = Lt,t+5 – Lt,t = incurred losses for accident year t estimated in calendar year
t+5 – incurred losses for accident year t estimated in calendar year t,54
REALSG = net realized capital gains (losses),

53

Year dummies are added to equations (6) – (8) for empirical estimation.

54

Cummins, Weiss, and Zhang (2019) find that the single-year loss reserve error for the current accident year
are the largest component of the multiple-year loss reserve error for all accident years, which suggests that
the former is likely to be subject to the most managerial discretion. Therefore, I use the single-year loss
reserve error for the current accident year for my main analysis (e.g., Weiss, 1985). I also use the multipleyear loss reserve error for all accident years, RESM, for a robustness check (e.g., Grace and Leverty, 2010,
2012). An illustrative example of calculating RES and RESM using Schedule P – Part 2 – Summary is given
in Appendix F.
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CAPCNTR = capital paid in + surplus paid in + change in surplus notes - dividends
to stockholders,55
CAP = surplus – (loss reserve errors)*(1 – statutory tax rate) – (realized capital
gains less capital gains tax) – capital contributions,56
EARN = net income after policyholder dividends but before federal income taxes –
loss reserve errors – realized capital gains (losses),
MTR = 0 if an insurer has a low tax rate, and 1 otherwise. The insurer is assumed
to have a low tax rate if the insurer has a net operating loss (NOL) carryover, which
is identified by the insurer not currently paying any taxes or receiving a refund of
prior-year taxes.

Given the effects of the three discretionary tools on insurers’ capital, earnings, and
tax objectives, discussed in Section 2.3, all of the coefficients of CAP, EARN, and MTR
should be negative in the RES, REALSG and CAPCNTR equations. For example, a negative
sign on CAP in the RES equation indicates that an insurer with the lower pre-managed
capital level will understate loss reserves to increase the capital level. The coefficients on
the independent tool variables in each equation depend on whether they are complements
or substitutes to the dependent tool variables for managerial discretion. For example, a
negative (positive) coefficient of REALSG in the RES equation will indicate that realized
capital gains (losses) are used as a substitute (complement) to loss reserve errors in
achieving management goals.
To test for the difference among public, private stock and mutual insurers, I include
two indicator variables. Pub equals 1 if the insurer’s ultimate parent company is publicly
traded, and zero otherwise. Mut equals 1 if the insurer is a mutual firm, and zero otherwise.

Dividends to stockholders are considered “negative” capital contributions. They are reported as a negative
item in the Capital and Surplus Account.
55

56

The statutory tax rate refers to the federal corporate income tax rate in the top bracket, which is consistently
35% during the sample period 1999-2013.
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The interaction variables PubCAP, PubEARN, and PubMTR, computed as Pub*CAP,
Pub*EARN, and Pub*MTR, are included to capture the difference of public insurers
relative to private stock insurers in managing capital, earnings, and tax goals, respectively.
The interaction variables MutCAP, MutEARN, and MutMTR, computed as Mut*CAP,
Mut*EARN, and Mut*MTR, are included to capture the difference of mutual insurers
relative to private stock insurers in managing capital, earnings, and tax goals, respectively.
For example, a significantly negative (positive) coefficient of MutCAP in the RES equation
would indicate that mutual insurers more (less) aggressively manage capital through loss
reserve errors than private stock insurers. The degrees of capital, earnings, and tax
management employed by private stock insurers are represented by the coefficients of CAP,
EARN, and MTR, respectively. The degrees of capital, earnings, and tax management
employed by public firms are represented by the sums of the coefficients of CAP and
PubCAP, EARN and PubEARN, and MTR and PubMTR, respectively. The degrees of
capital, earnings, and tax management employed by mutual firms are represented by the
sums of the coefficients of CAP and MutCAP, EARN and MutEARN, and MTR and
MutMTR, respectively.
In the cost minimization model, the three tool variables are jointly determined.
Individually estimating equations (6) – (8) by ordinary least squares (OLS) will result in
inconsistent coefficient estimation because the tool variables are correlated with the error
terms. The Hausman test rejects the null hypothesis of no endogeneity with a p-value of
0.0000. To address the problem of endogeneity, a three-stage least squares (3SLS)
procedure is used to simultaneously estimate equations (6) – (8). Although both the 3SLS
method and the two-stage least squares (2SLS) method can produce consistent estimation,
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3SLS produces more efficient estimation than 2SLS because 3SLS allows for crossequation correlations.
2.4.2. Measuring Nondiscretionary Components of Tool Variables
As there are three endogenous variables in the right-hand side (RHS) of each
equation, estimating equations (6) – (8) in a simultaneous equations model requires that at
least three exogenous variables are excluded from one equation and appear elsewhere in
the system. This condition is satisfied since the nondiscretionary components of the tool
variables, i.e., RES i ,t , REALSGi ,t , and CAPCNTR i ,t , are only included in their respective
equations. The nondiscretionary components are further modeled as follows in equations
(9) – (11).
2.4.2.1. Loss Reserve Errors
According to the definition of the loss reserve error (RES) given for equation (6),
the nondiscretionary portion of loss reserve errors depends on the technical difficulty of
estimating the payout pattern of future claim payments. To estimate incurred losses,
actuaries need to take into account the time of claims being resolved and the type of
insurance policies underwritten. I categorize insurer lines of business along two
dichotomous dimensions: long-tail versus short-tail and commercial versus personal.
Long-tail lines of business need a longer time for claim settlement than short-tail lines,
which increases the difficulty for estimating these losses. Commercial lines of business are
usually more complex and risky than personal lines, and thus reserving for commercial
lines is more difficult. The percentage of business written in long-tail commercial lines
(LongComm), long-tail personal lines (LongPers), and short-tail personal lines (ShortPers)
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are used to control for business mix.57 Petroni, Ryan, and Whalen (2000) argue that loss
reserve errors should be positively associated with riskier lines of business and negatively
associated with less risky lines of business. That is, an insurer will understate its loss
reserves for riskier lines of business and overstate its loss reserves for less risky lines of
business. 58 Therefore, I expect LongComm to be positively associated with RES .
LongPers and ShortPers are expected to be negatively associated with RES .
I account for business size which is measured by the natural logarithm of net
premiums written (LNPREM) in estimating the nondiscretionary part of loss reserve errors.
Insurers with higher business volume may have more developed reserving techniques as
such insurers have access to more data and more experienced actuarial staffs.59 No reason
exists a priori to expect a positive or negative relationship between LNPREM and RES . I
also account for distribution system. I include the indicator variable, Direct, which equals
one if an insurer is a direct writer of insurance, and zero otherwise. Relative to the
independent distribution system, the direct distribution system may enable insurers to
gather more information in the process of directly underwriting and settling claims than

57

Long-tail commercial lines include other liability, products liability, commercial multiple peril, ocean
marine, medical malpractice, workers’ compensation, commercial auto liability, aircraft, boiler and
machinery, international, and reinsurance. Long-tail personal lines include farmowners multiple peril,
homeowners multiple peril, and private passenger auto liability. Short-tail personal lines include private
passenger auto physical damage, earthquake, and other accident and health. Short-tail commercial lines
include all other lines.
According to accounting standards, a liability should be accrued only when “probable and estimable” and
should be accrued at the lowest value in the range of equally likely possible values for the liability. Therefore,
the accounting for loss contingencies is considered anti-conservative.
58

59

Petroni (1992) includes LNPREM as a control variable, and she finds it is not related to loss reserve errors.
Weiss (1985) and Grace and Leverty (2012) also include similar size variables. They do not find any size
effect.
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when an independent agent is used. 60 No reason exists a priori to expect a positive or
negative relationship between Direct and RES .
Insurers with higher concentration in lines of business or geographic area may have
more expertise in writing in specific lines and geographic areas and thus may be able to
estimate losses more accurately. Two measures of concentration are included in the model:
lines of business herfindahl index (LHerf) and geographic herfindahl index (GHerf). No
reason exists a priori to expect a positive or negative relationship between LHerf or GHerf
and RES .61 I include the indicator variable, Grp, which equals one if an insurer is affiliated
with a group, and zero otherwise. No reason exists a priori to expect a positive or negative
relationship between Grp and RES . 62 In summary, the nondiscretionary component of
RES can be written as follows:

RES i ,t  1LongCommi ,t   2 LongPersi ,t   3 ShortPersi ,t   4 LNPREM i ,t
  5 Directi ,t   6 LHerfi ,t   7GHerfi ,t    8Grpi ,t

(9)

2.4.2.2 Realized Capital Gains (Losses)
The majority of P-C insurers’ invested assets are bonds, so I follow the prior
literature to model nondiscretionary realized capital gains (losses) on bond investments by
YBV (e.g., Moyer, 1990; Beatty, Chamberlain, and Magliolo, 1995; Mikhail, 1999). I

60

Weiss (1985) includes Direct as a control variable, and she does not find it is significantly related to loss
reserve errors. Grace and Leverty (2012) also include Direct as a control variable. Their results suggest that
a direct writer will overestimate its loss reserves.
61

Grace and Leverty (2010, 2012) find insurers with higher concentration in lines of business or geographic
area are more likely to over-reserve.
62

Weiss (1985) finds that insurers held by another corporation are more likely to under-reserve than insurers
that are not so held. Grace and Leverty (2012) do not find a significant relationship between group affiliation
and loss reserve errors.
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assume that the manager of an insurer i buys bond investments in year t-1 for I i ,t 1 and that
all the bonds pay only principal upon maturity in year t+m. In year t, the book value of the
bonds is the cost increased by interest earned at the yield rate YLDt 1 ,

I i ,t  1  YLDt 1  I i ,t 1 .
The market value of the bonds in year t reflects the new yield, YLDt , and is
calculated as:



MVi ,t  1  YLDt 1 

m 1

1  YLDt 

m

I

i ,t 1

.

Then, the potential realized capital gains (losses) on the bonds held in year t is the
difference between the market value and book value:

YBVi ,t  1  YLDt 1 


m 1

1  YLDt 

m

 1  YLDt 1  I i ,t 1 .


Following prior literature, I assume m=1, that is, all investments mature in one year.
Prior literature suggests that the significance of the results is not materially changed by the
length of maturities assumed (e.g., Moyer, 1990; Beatty, Chamberlain, and Magliolo, 1995;
Mikhail, 1999). The yield is based on the average Aaa corporate bond yield reported by
Moody’s. 63 YBV, i.e., the potential realized capital gains (losses), is expected to be
positively related to REALSG .
I also include unrealized capital gains (losses), UNRLSG. This measure reports the
difference between the market value and book value of insurers’ stock investments.
Unrealized capital gains (losses) from stock investments is an important source of capital

63

Cummins and Weiss (2016) document that most of the bonds held by P-C insurers are rated as investment
grade. Insurers invest in high grade bonds both because insurance buyers are unusually sensitive to
insolvency risk and to avoid RBC charges for lower quality bonds.
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from insurers’ current operations. Insurers may adjust realized capital gains (losses) in
response to the change in unrealized capital gains (losses). They may sell the investments
with the highest capital gains and leave the unprofitable investments on the book. Therefore,
I expect that UNRLSG is negatively related to REALSG . In summary, the nondiscretionary
component of REALSG can be written as follows:

REALSG i ,t   1YBVi ,t  2UNRLSGi ,t

(10)

2.4.2.3 Capital Contributions
Since capital contributions can be regarded as “negative” dividends, I model the
nondiscretionary component of capital contributions as a function of earnings and prior
year capital contributions, following the prior literature on dividends (e.g., Lintner, 1956;
Mikhail, 1999). If an insurer can obtain more capital from operating income, the need for
capital contributions from external sources is decreased. Therefore, I expect ROA to be
negatively related to CAPCNTR . An insurer with past capital contributions is more likely
to receive capital contributions in the current year; an insurer with past stock dividend
payments is more likely to pay stock dividends in the current year. Therefore, I expect that
the lagged CAPCNTR is positively associated with CAPCNTR . I also include a variable
measuring financial stability, the lagged LNZScore. LNZScore is the natural logarithm of
the z-score. The z-score is the (insurers’ return on assets plus the capital asset ratio) divided
by the standard deviation of asset returns over a prior 3-year rolling period (e.g., Laeven
and Levine, 2009; Shim, 2017).64 The z-score represents the inverse of the probability of
insolvency. A higher z-score suggests that the insurer is more stable and has lower demand

64

For robustness checks (untabulated), I calculate the standard deviation of ROA over a prior 5-year rolling
period and over the full sample period. The regression results are largely unchanged.

75

for external financing. An insurer that is more financially stable in the past is less likely to
receive capital contributions and more likely to pay stock dividends in the current year.
Therefore, I expect that the lagged LNZScore is negatively associated with CAPCNTR .

CAPCNTR i ,t  1ROAi ,t  2CAPCNTRi ,t 1  3 LNZScorei ,t 1

(11)

2.5. Data and Sample
Most of the data are from the NAIC annual statements for P-C insurers over the
period 1996-2018. I calculate loss reserve errors in the years 1996-2013 for each insurer
because I allow for five years of loss development. The sample years are further reduced
to 1998-2013 because the denominator of the z-score (i.e., the standard deviation of ROA)
is calculated by using prior 3-year rolling periods data. Because the nondiscretionary
component of capital contributions is a function of its lagged one period term and the
lagged LNZScore, the sample years are finally reduced to 1999-2013. My analysis is based
on affiliated and unaffiliated single insurers. I use the SNL database to obtain the listing
status of insurers’ ultimate parent companies.65 I identify firms as stock or mutual firms by
the information from Best’s Key Rating Guide. Whether an insurer has a direct distribution
system or not is also identified by the information from Best’s Key Rating Guide.
To be included in the final sample, insurers must have positive net premiums
written of at least $1 million, positive total admitted assets of at least $5 million, and
positive surplus. I include stock and mutual firms.66 I require firms to have positive loss
reserves and eliminate firms with extreme errors in their loss reserves. That is, observations

65

The SNL database provides the current listing information. In the P-C insurance industry, there is no
significant change in insurers’ listing status during the sample period. I apply the insurers’ current listing
status to all sample years.
66

Reciprocals are considered as mutual firms.
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are deleted that have a revised loss reserve estimate that varies from the original estimate
by more than 50% (in absolute value). I also delete outliers that have variables out of
reasonable ranges. Since all the variables are scaled by the year-end total admitted assets,
I restrict the absolute values of RES, REALSG, CAPCNTR, CAP, EARN, UNRLSG to be no
greater than 1. I also require LongComm, LongPers, and ShortPers to be within the range
from 0 to 1. The data screens result in an unbalanced panel of 16,860 firm-years, which is
composed of 1,880 distinct insurers. The sample represents about 88 percent of industry
total admitted assets and about 92 percent of industry net premiums written in 2013.
Table 2.1 reports the descriptive statistics for the sample. In terms of the three
discretionary tool variables, the average firm has a loss reserve error of -0.0053, suggesting
that P-C insurers overestimate their loss reserves on average by 0.53 percent of total
admitted assets. The average firm has realized capital gains (losses) of 0.34 percent of total
admitted assets. The average firm receives “negative” capital contributions (or pays stock
dividends) of 0.14 percent of total admitted assets.67 With respect to the three goal variables,
the average pre-managed capital asset ratio is 37.45 percent. The average pre-managed
return on assets (EARN) is -2.55 percent. 71.50 percent of the sample are identified as
having high marginal tax rates. In terms of ownership structures, 34.16 percent of the
sample are identified as public firms, and 27.86 percent of the sample are mutual firms.
Thus 37.98 percent of the sample are private stock firms.68

Mutual firms do not pay stock dividends. Table 2.2 shows that the average “negative” capital contributions
in the full sample are driven by public firms. The average public firm pays stock dividends of 0.81 percent
of total admitted assets. The average private stock (mutual) firm receives capital contributions of 0.24 (0.16)
percent of total admitted assets.
67

68

The proportion of public firms is significantly larger than that in prior literature (e.g., Grace and Leverty,
2010, 2012) where this proportion is about 12 percent. The publicly-traded firms in prior studies are restricted
to the firms with their ultimate owners included in the Center for Research on Securities Pricing (CRSP)
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Table 2.1. Summary Statistics
VARIABLES
N = 16,860
RES
REALSG
CAPCNTR
CAP
EARN
MTR
Public
Mutual
LongComm
LongPers
ShortPers
LNPREM
Direct
LHerf
GHerf
Grp
YBV
UNRLSG
ROA
LNZScorelg

Mean

Std.

Min

Median

Max

-0.0053
0.0034
-0.0014
0.3745
-0.0255
0.7150
0.3416
0.2786
0.4351
0.2981
0.1068
10.7503
0.2356
0.4951
0.5443
0.6982
0.0008
0.0004
0.0237
3.1436

0.0321
0.0162
0.0542
0.1814
0.1239
0.4514
0.4743
0.4483
0.3772
0.2933
0.1436
1.7902
0.4244
0.2835
0.3823
0.4591
0.0028
0.0266
0.0469
1.0638

-0.7815
-0.4082
-0.5108
-0.5251
-0.9695
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
6.9089
0.0000
0.0897
0.0307
0.0000
-0.0075
-0.6750
-0.6739
-4.3701

-0.0067
0.0010
0.0000
0.3573
-0.0013
1.0000
0.0000
0.0000
0.3881
0.2445
0.0297
10.6526
0.0000
0.4178
0.4948
1.0000
0.0009
0.0000
0.0256
3.1244

0.4837
0.5348
0.7126
0.9855
0.8079
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
17.3755
1.0000
1.0000
1.0000
1.0000
0.0136
0.2825
0.5264
8.4960

Note: This table presents descriptive statistics for the years 1999 to 2013. See Appendix E for detailed
variable definitions. All variables are scaled by the year-end total admitted assets except for indicator
variables and where indicated otherwise. RES is the single-year loss reserve error, defined based on incurred
losses for the current accident year over a 5-year development period. If positive, this represents underreserving. REALSG is realized capital gains (losses). CAPCNTR is capital contributions. EARN is premanaged earnings. CAP is the pre-managed capital level. MTR equals one if an insurer has a high tax rate,
and zero otherwise. Public equals one if the insurer’s ultimate parent company is publicly traded, and zero
otherwise. Mutual equals one if the insurer is a mutual firm, and zero otherwise. LongComm is the proportion
of business written in long-tail commercial lines. LongPers is the proportion of business written in long-tail
personal lines. ShortPers is the proportion of business written in short-tail personal lines. LNPREM is the
natural logarithm of net premiums written. Direct equals one if the insurer has a direct distribution system,
and zero otherwise. LHerf is the line-of-business herfindahl index. GHerf is the geographic herfindahl index.
Grp equals one if the insurer is affiliated with a group, and zero otherwise. YBV is the potential realized
capital gains (losses) on bonds. UNRLSG is unrealized capital gains (losses). ROA is return on assets.
LNZScorelg is the lagged LNZScore. LNZScore is the natural logarithm of the z-score which represents the
insurer’s financial stability.

database for stocks traded on the New York Stock Exchange (NYSE), the American Stock Exchange
(AMEX), and the NASDAQ. In this way, firms with their ultimate parent companies traded outside of the
U.S. are categorized as private stock firms. These firms, however, obviously behave as publicly-traded firms.
Therefore, the definition of public firms in prior literature significantly underestimates the size of this
subgroup of firms. I collect insurers’ listing information from the SNL database where the overseas listing
information is provided as well, and thus obtain a larger group of public firms.
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Turning to other control variables, the average firm has 43.51 percent of business
written in long-tail commercial lines, 29.81 percent of business written in long-tail personal
lines, and 10.68 percent of business written in short-tail personal lines. In my sample, 23.56
percent of insurers have direct distribution systems. The mean of the line of business
herfindahl index is 0.4951, indicating that the average firm operates in two lines of business.
The mean of the geographic herfindahl index is 0.5443, which is equivalent to two states.
About 70 percent of the insurers in the sample is affiliated with a group. The mean of YBV
is 0.0008, indicating that the potential realized capital gains are 0.08 percent of total
admitted assets on average. The unrealized capital gains are 0.04 percent of total admitted
assets on average. The net income after policyholder dividends but before income taxes is
2.37 percent of total admitted assets on average. LNZScorelg has a mean of 3.1436,
indicating that profits of the average firm in the prior year have to fall by 23 (i.e., e3.1436)
standard deviations to deplete equity capital.
Table 2.2 reports the means of the three subsamples (i.e., public, private stock, and
mutual firms) in the first three columns. The remaining columns report the pairwise results
of t-tests for differences in means of the three subsamples. The three discretionary tool
variables (i.e., RES, REALSG, CAPCNTR) are significantly different on average across the
three subsamples, except for RES and REALSG for public firms versus private stock firms.
Also, the three goal variables (i.e., CAP, EARN, MTR) are significantly different on average
across the three subsamples, except for EARN for public firms versus private stock firms.
Therefore, the degrees of capital, earnings, and tax management through the three
discretionary tools may vary across the three ownership structures.
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Table 2.2. Mean of Subsamples (Public, Private Stock, and Mutual Firms)
VARIABLES
RES
REALSG
CAPCNTR
CAP
EARN
MTR
LongComm
LongPers
ShortPers
LNPREM
Direct
LHerf
GHerf
Grp
YBV
UNRLSG
ROA
LNZScorelg
N

Public
-0.0028
0.0028
-0.0081
0.3357
-0.0357
0.7981
0.4793
0.2108
0.1012
11.3568
0.1641
0.4677
0.3622
0.9123
0.0009
0.0004
0.0305
3.1299
5,759

Private
Stock
-0.0040
0.0031
0.0024
0.3651
-0.0349
0.6964
0.4026
0.3297
0.1287
10.3417
0.2360
0.5407
0.6073
0.6798
0.0008
0.0005
0.0203
3.0829
6,403

Mutual
-0.0101
0.0046
0.0016
0.4349
-0.0001
0.6386
0.4252
0.3620
0.0839
10.5638
0.3229
0.4665
0.6817
0.4606
0.0008
0.0004
0.0199
3.2433
4,698

Public vs.
Private Stock
0.0012
-0.0003
-0.0105***
-0.0294***
-0.0008
0.1017***
0.0767***
-0.1189***
-0.0275***
1.0151***
-0.0719***
-0.0730***
-0.2451***
0.2325***
0.0001
0.0001
0.0102***
0.0470***

Mutual vs.
Private Stock
-0.0061***
0.0015***
-0.0008***
0.0698***
0.0348***
-0.0578***
0.0226**
0.0323***
-0.0448***
0.2221***
0.0869***
-0.0742***
0.0744***
-0.2192***
0.0000
-0.0001
-0.0004
0.1604***

Public vs.
Mutual
0.0073***
-0.0018***
-0.0097***
-0.0992***
-0.0356***
0.1595***
0.0541***
-0.1512***
0.0173***
0.7930***
-0.1588***
0.0012
-0.3195***
0.4517***
0.0001
0.0000
0.0106***
-0.1134***

Note: This table presents means of three subsamples (public, private stock, and mutual) for the years 1999 to
2013 in the first three columns. The remaining columns report the differences in means of the three
subsamples. *, **, and *** indicate significance at the 10, 5, and 1 percent levels, respectively. See Appendix
E for detailed variable definitions. All variables are scaled by the year-end total admitted assets except for
indicator variables and where indicated otherwise. RES is the single-year loss reserve error, defined based on
incurred losses for the current accident year over a 5-year development period. If positive, this represents
under-reserving. REALSG is realized capital gains (losses). CAPCNTR is capital contributions. EARN is premanaged earnings. CAP is the pre-managed capital level. MTR equals one if an insurer has a high tax rate,
and zero otherwise. Public equals one if the insurer’s ultimate parent company is publicly traded, and zero
otherwise. Mutual equals one if the insurer is a mutual firm, and zero otherwise. LongComm is the proportion
of business written in long-tail commercial lines. LongPers is the proportion of business written in long-tail
personal lines. ShortPers is the proportion of business written in short-tail personal lines. LNPREM is the
natural logarithm of net premiums written. Direct equals one if the insurer has a direct distribution system,
and zero otherwise. LHerf is the line-of-business herfindahl index. GHerf is the geographic herfindahl index.
Grp equals one if the insurer is affiliated with a group, and zero otherwise. YBV is the potential realized
capital gains (losses) on bonds. UNRLSG is unrealized capital gains (losses). ROA is return on assets.
LNZScorelg is the lagged LNZScore. LNZScore is the natural logarithm of the z-score which represents the
insurer’s financial stability.
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2.6. Empirical Results
2.6.1. Empirical Results without Controls for Ownership
Table 2.3 reports the empirical results for equations (6) – (8). The results for the
loss reserve error (RES), realized capital gains (losses) (REALSG), and capital contributions
(CAPCNTR) equations are in Columns (1) – (3), respectively. The significantly negative
coefficient of CAPCNTR (RES) in the RES (CAPCNTR) equation suggests that loss reserve
errors and capital contributions are substitutes for each other for managers to achieve
capital, earnings, and tax planning goals.
In Column (1), CAP is negatively and significantly associated with RES (coefficient
of -0.0094), supporting Hypothesis 1(a) and suggesting that an insurer with a lower level
of pre-managed capital reports greater (i.e., income-increasing) loss reserve errors to
increase its capital level. Recall that a positive sign for loss reserve errors represents underreserving. The negative and significant coefficient of EARN (-0.1110) supports Hypothesis
1(b), which indicates that an insurer with lower pre-managed earnings reports incomeincreasing loss reserve errors to boost its earnings. The coefficient of MTR (-0.0011) is
significantly negative, supporting Hypothesis 1(c) and suggesting that an insurer with a
higher marginal tax rate will report lower (i.e., income-decreasing) loss reserve errors to
decrease taxes.
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Table 2.3. Regression Results without Controls for Ownership (RES)
VARIABLES

(1)
RES

(2)
REALSG

RES
REALSG
CAPCNTR
CAP
EARN
MTR
LongComm
LongPers
ShortPers
LNPREM
Direct
LHerf
GHerf
Grp

0.0598*
(0.0309)
-0.1323**
(0.0668)
-0.2054***
(0.0217)
-0.0094***
(0.0026)
-0.1110***
(0.0025)
-0.0011**
(0.0005)
0.0039***
(0.0009)
-0.0017
(0.0011)
-0.0020
(0.0017)
0.0019***
(0.0002)
-0.0002
(0.0005)
0.0080***
(0.0008)
0.0017***
(0.0006)
-0.0041***
(0.0005)

-0.2159***
(0.0085)
-0.0147***
(0.0011)
-0.0029
(0.0031)
-0.0027***
(0.0003)

YBV

ROA

-0.0723***
(0.0026)

0.0152***
(0.0008)

-0.3744***
(0.0120)
0.0187***
(0.0019)
0.0006**
(0.0003)
0.0347***
(0.0021)

16,860
-0.2785

16,860
0.1464

CAPCNTRlg
LNZScorelg

Observations
R-squared

-0.3732***
(0.0409)
-0.1566
(0.1048)

0.4904***
(0.1157)
-0.1237***
(0.0053)

UNRLSG

Constant

(3)
CAPCNTR

-0.0167***
(0.0032)
16,860
0.1089

Note: This table presents the empirical results without controls for ownership. See Appendix E for detailed
variable definitions. All variables are scaled by the year-end total admitted assets except for indicator
variables and where indicated otherwise. RES is the single-year loss reserve error, defined based on incurred
losses for the current accident year over a 5-year development period. If positive, this represents underreserving. REALSG is realized capital gains (losses). CAPCNTR is capital contributions. EARN is pre-
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managed earnings. CAP is the pre-managed capital level. MTR equals one if an insurer has a high tax rate,
and zero otherwise. LongComm is the proportion of business written in long-tail commercial lines. LongPers
is the proportion of business written in long-tail personal lines. ShortPers is the proportion of business written
in short-tail personal lines. LNPREM is the natural logarithm of net premiums written. Direct equals one if
the insurer has a direct distribution system, and zero otherwise. LHerf is the line-of-business herfindahl index.
GHerf is the geographic herfindahl index. Grp equals one if the insurer is affiliated with a group, and zero
otherwise. YBV is the potential realized capital gains (losses) on bonds. UNRLSG is unrealized capital gains
(losses). ROA is return on assets. CAPCNTRlg is the lagged capital contributions. LNZScorelg is the lagged
LNZScore. LNZScore is the natural logarithm of the z-score which represents the insurer’s financial stability.
Year dummies are not reported to conserve space. Standard errors are in parentheses. *, **, and *** indicate
significance at the 10, 5, and 1 percent levels, respectively.

As for the control variables, for the nondiscretionary component of RES,
LongComm is positively and significantly related to RES, suggesting that an insurer is
likely to underestimate its incurred losses if the insurer writes more business in long-tail
commercial lines. The coefficient of LongPers (ShortPers) is insignificantly different from
zero, which suggests that the proportion of business in long-tail (short-tail) personal lines
is not associated with loss reserve errors. The coefficient of LNPREM is significantly
positive, suggesting that an insurer with a higher volume of business is likely to
underestimate its incurred losses. The coefficient of Direct is insignificantly different from
zero, which indicates that the distribution system is not related to loss reserve errors. Lherf
and GHerf are significantly and positively related to RES, which indicates that an insurer
is likely to underestimate its incurred losses if the insurer is more concentrated in lines of
business or geographic area. The coefficient of Grp is significantly negative, suggesting
that an insurer affiliated with a group is likely to overestimate its incurred losses.
In Column (2), CAP is negatively and significantly related to REALSG (coefficient
of -0.0147), consistent with Hypothesis 2(a). This indicates that an insurer with lower premanaged capital will report more realized capital gains to increase the capital level. The
coefficient of EARN (-0.0029) is insignificantly different from zero, which does not support
Hypothesis 2(b). This indicates that an insurer’s pre-managed earnings are not associated
83

with its realized capital gains (losses). The coefficient of MTR is negative and significant
(-0.0027), consistent with Hypothesis 2(c). This result indicates that an insurer with a
higher marginal tax rate will recognize more realized capital losses to decrease taxable
income. Regarding the control variables for the nondiscretionary component of REALSG,
the coefficient of YBV is positive and significant, consistent with my expectation that an
insurer will realize more capital gains (losses) when it has higher potential capital gains
(losses) on bond investments. UNRLSG is negatively and significantly related to REALSG,
suggesting that an insurer with higher realized capital gains in the current year has stock
investments with lower unrealized capital gains. This indicates that insurers may cherry
pick investments with the highest capital gains to sell, leaving less appreciated investments
on the books.
In Column (3), the negative and significant coefficient of CAP (-0.0723) supports
Hypothesis 3. This result suggests that an insurer with a lower pre-managed capital level
will use more capital contributions to increase its capital level. As for the control variables
for the nondiscretionary component of CAPCNTR, the coefficient of ROA is negative and
significant, which indicates that an insurer with higher earnings from operations is less
likely to receive capital contributions and more likely to pay stock dividends. The
coefficient of the lagged CAPCNTR is positive and significant. This suggests that an insurer
with past capital contributions is more likely to receive capital contributions in the current
year; conversely, an insurer with past stock dividend payments is more likely to pay stock
dividends in the current year. The lagged LNZScore is positively and significantly
associated with CAPCNTR, suggesting that an insurer is more likely to receive capital
contributions or cut dividends when the insurer is more financially stable in the past. This
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is contradictory to my expectation that a more stable insurer demands less capital
contributions and pays more stock dividends. This contradiction may be due to the fact that
a more financially stable insurer is not willing to pay more stock dividends but prefers to
keep the higher capital for when the insurer is less financially stable in the future (i.e.,
capital is sticky).
2.6.2. Empirical Results with Controls for Ownership
Table 2.4 reports the empirical results with controls for ownership structure.69 The
negative and significant coefficient of PubCAP (-0.0382) in the CAPCNTR equation
(Column 3) is consistent with Hypothesis 4(a), suggesting that public firms use capital
contributions more aggressively than private stock firms in capital management. That is,
the negative coefficient of CAP in the CAPCNTR equation suggests that private stock firms
with lower pre-managed capital levels will receive more capital contributions. The negative
coefficient of PubCAP indicates that the negative relationship between CAP and
CAPCNTR becomes stronger for public firms, providing evidence that capital management
through capital contribution is more aggressive in public firms than private stock firms.
This is consistent with the notion that public firms have better access to external capital
than private stock firms because public firms can raise capital in capital markets.

69

The coefficient estimates of the control variables are not reported to conserve space in Table 2.4. Compared
to the estimates in Table 2.3, they are not qualitatively changed after controlling for ownership in Table 2.4.
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Table 2.4. Regression Results with Controls for Ownership (RES)
VARIABLES

(1)
RES

(2)
REALSG

RES
REALSG
CAPCNTR
CAP
EARN
MTR
Public
PubCAP
PubEARN
PubMTR
Mutual
MutCAP
MutEARN
MutMTR

0.0056
(0.0280)
-0.2067***
(0.0655)
-0.2400***
(0.0229)
-0.0229***
(0.0037)
-0.1205***
(0.0035)
-0.0031***
(0.0008)
-0.0009
(0.0017)
-0.0028
(0.0036)
0.0350***
(0.0044)
0.0008
(0.0012)
-0.0244***
(0.0020)
0.0438***
(0.0043)
-0.0200***
(0.0059)
0.0056***
(0.0011)

-0.2703***
(0.0090)
-0.0274***
(0.0018)
-0.0023
(0.0034)
-0.0022***
(0.0004)
-0.0003
(0.0010)
-0.0087***
(0.0021)
-0.0025
(0.0026)
-0.0009
(0.0006)
-0.0095***
(0.0012)
0.0283***
(0.0025)
-0.0204***
(0.0033)
0.0005
(0.0006)

Public firms overall degree of capital, earnings, and tax management
CAP+PubCAP
-0.0257***
-0.0361***
(χ2 statistics)
(35.62)
(342.01)
EARN+PubEARN
-0.0855***
-0.0048*
(χ2 statistics)
(676.21)
(3.39)
MTR+PubMTR
-0.0023**
-0.0031***
(χ2 statistics)
(5.82)
34.75
Mutual firms overall degree of capital, earnings, and tax management
CAP+MutCAP
0.0209***
0.0009
(χ2 statistics)
(49.16)
(0.27)
EARN+MutEARN
-0.1405***
-0.0227***
(χ2 statistics)
(707.03)
(32.32)
MTR+MutMTR
0.0025***
-0.0017***
(χ2 statistics)
(8.75)
(12.21)
Observations
R-squared

16,860
0.0833

16,860
-0.4622
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(3)
CAPCNTR
-0.3868***
(0.0404)
-0.3730***
(0.1022)

-0.0916***
(0.0040)

0.0032
(0.0020)
-0.0382***
(0.0051)

-0.0346***
(0.0025)
0.0874***
(0.0056)

-0.1298***
(1115.60)

-0.0042
(0.93)

16,860
0.1673

Note: This table presents the empirical results with controls for ownership. See Appendix E for detailed
variable definitions. All variables are scaled by the year-end total admitted assets except for indicator
variables and where indicated otherwise. RES is the single-year loss reserve error, defined based on incurred
losses for the current accident year over a 5-year development period. If positive, this represents underreserving. REALSG is realized capital gains (losses). CAPCNTR is capital contributions. EARN is premanaged earnings. CAP is the pre-managed capital level. MTR equals one if an insurer has a high tax rate,
and zero otherwise. Public equals one if the insurer’s ultimate parent company is publicly traded, and zero
otherwise. Mutual equals one if the insurer is a mutual firm, and zero otherwise. PubEarn is the interaction
of Public and EARN. PubCAP is the interaction of Public and CAP. PubMTR is the interaction of Public and
MTR. MutEARN is the interaction of Mutual and EARN. MutCAP is the interaction of Mutual and CAP.
MutMTR is the interaction of Mutual and MTR. Other control variables (which are contained in Table 2.3)
are not reported to conserve space. In the top half of the table, standard errors are in parentheses. In the
bottom half of the table, χ2 statistics of Wald tests for the sums of the coefficients are in parentheses. *, **,
and *** indicate significance at the 10, 5, and 1 percent levels, respectively.

Consistent with Hypothesis 4(b), the positive and significant coefficient of MutCAP
(0.0874) in the CAPCNTR equation suggests that mutual firms are less aggressive in using
capital contributions to manage capital than private stock firms. Recall that the negative
coefficient of CAP in the CAPCNTR equation suggests that private stock firms with lower
pre-managed capital levels will receive more capital contributions. The positive coefficient
of MutCAP indicates that the negative relationship between CAP and CAPCNTR becomes
weaker for mutual firms, providing evidence that capital management through capital
contribution is less aggressive in mutual firms than private stock firms. This is consistent
with the notion that mutual firms have more limited access to external capital than private
stock firms because mutual firms can only raise external capital by issuing surplus notes.
Moreover, stock firms can manage capital contributions through stockholder dividends,
whereas mutual firms have no stockholders and hence do not pay stockholder dividends.
As a result, mutual firms have less capacity for managing capital through capital
contributions than private stock firms.
The coefficient of PubCAP in the RES (-0.0028) equation is insignificantly
different from zero, suggesting that public firms and private stock firms are equally likely
to manage capital through loss reserve errors. That is, the negative coefficient of CAP in
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the RES equation suggests that private stock firms with lower pre-managed capital levels
will report greater loss reserve errors (i.e., understate incurred losses). The insignificant
coefficient of PubCAP indicates that the negative relationship between CAP and RES for
public firms is as strong as that for private stock firms, providing evidence that capital
management through loss reserve errors in public firms is as aggressive as that in private
stock firms. The coefficients of PubCAP in the REALSG (-0.0087) equation is negative and
significant, suggesting that public firms manage capital through realized capital gains
(losses) more aggressively than private stock firms. That is, the negative coefficient of CAP
in the REALSG equation suggests that private stock firms with lower pre-managed capital
levels will recognize more realized capital gains. The negative coefficient of PubCAP
indicates that the negative relationship between CAP and REALSG becomes stronger for
public firms, providing evidence that capital management through realized capital gains
(losses) is more aggressive in public firms than private stock firms.
These findings do not support Hypothesis 4(c). Although public firms have greater
capacity to manage capital through capital contributions, they could also manage capital
through loss reserve errors and realized capital gains (losses) more aggressively than
private stock firms to maintain a certain solvency level due to capital market pressure.
However, public firms are subject to external monitoring from the SEC, capital markets,
auditing firms and the potential takeover market. The strong external monitoring could
curb the incentive for capital management from capital market pressure. Therefore, the
insignificant coefficient of PubCAP in the RES (-0.0028) equation indicates that the strong
external monitoring may offset the incentive for capital management through loss reserve
errors. The significantly negative coefficient of PubCAP in the REALSG (-0.0087) equation
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indicates that the incentive for capital management through realized capital gains (losses)
may override the external monitoring.
The coefficients of MutCAP in the RES (0.0438) and REALSG (0.0283) equations
are significantly positive, indicating that mutual firms less aggressively manage capital by
loss reserve errors and realized capital gains (losses) than private stock firms. Recall the
negative coefficient of CAP in the RES equation suggests that private stock firms with
lower pre-managed capital levels will report greater loss reserve errors (i.e., understate
incurred losses). The positive coefficient of MutCAP indicates that the negative
relationship between CAP and RES becomes weaker for mutual firms, providing evidence
that capital management through loss reserve errors is less aggressive in mutual firms than
private stock firms. Similarly, the negative coefficient of CAP in the REALSG equation
suggests that private stock firms with lower pre-managed capital levels will recognize more
realized capital gains. The positive coefficient of MutCAP indicates that the negative
relationship between CAP and REALSG becomes weaker for mutual firms, providing
evidence that capital management through realized capital gains (losses) is less aggressive
in mutual firms than private stock firms.
These findings do not support Hypothesis 4(d). Although mutual firms have less
capacity to manage capital through capital contributions than private stock firms, they may
not manage capital through loss reserve errors and realized capital gains (losses), either.
This may be due to the fact that mutual firms write business in the lines with less
managerial discretion and with “good” actuarial tables. Thus, managers in mutual firms
have less discretion to manage capital levels than private stock firms.
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The coefficient of PubEARN in the RES (0.0350) equation is positive and
significant, suggesting that public firms are less aggressive than private stock firms in
earnings management through loss reserve errors. That is, the negative coefficient of EARN
in the RES equation suggests that private stock firms with lower pre-managed earnings will
report greater loss reserve errors (i.e., understate incurred losses). The positive coefficient
of PubEARN indicates that the negative relationship between EARN and RES becomes
weaker for public firms, providing evidence that earnings management through loss reserve
errors is less aggressive in public firms than in private stock firms. The coefficient of
PubEARN in the REALSG (-0.0025) equation is insignificantly different from zero,
suggesting that public firms and private stock firms are equally likely to manage earnings
through realized capital gains (losses). That is, the negative coefficient of EARN in the
REALSG equation suggests that private stock firms with lower pre-managed earnings will
recognize more realized capital gains. The insignificant coefficient of PubEARN indicates
that the negative relationship between EARN and REALSG for public firms is as strong as
that for private stock firms, providing evidence that earnings management through realized
capital gains (losses) in public firms is as aggressive as that in private stock firms.
The negative and significant coefficients of MutEARN in the RES (-0.0200) and
REALSG (-0.0204) equations suggest that mutual firms are more aggressive than private
stock firms in earnings management through loss reserve errors and realized capital gains
(losses). Recall that the negative coefficient of EARN in the RES equation suggests that
private stock firms with lower pre-managed earnings will report greater loss reserve errors
(i.e., understate incurred losses). The negative coefficient of MutEARN indicates that the
negative relationship between EARN and RES becomes stronger for mutual firms,
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providing evidence that earnings management through loss reserve errors is more
aggressive in mutual firms than in private stock firms. Similarly, the negative coefficient
of EARN in the REALSG equation suggests that private stock firms with lower pre-managed
earnings will recognize more realized capital gains. The negative coefficient of MutEARN
indicates that the negative relationship between EARN and REALSG becomes stronger for
mutual firms, providing evidence that earnings management through realized capital gains
(losses) is more aggressive in mutual firms than private stock firms.
These findings support Hypotheses 5(a) and 5(b). Public and mutual firms have
diffused ownership, and the conflicts between owners and managers might not be well
controlled for. Managers’ compensation plans are usually linked to firm performance, such
as bonus plans. Therefore, managers have incentives for earnings management to maximize
their own interests in their compensation plans. Compared to public and mutual firms,
private stock firms generally have less diffused ownership, and thus stockholders are able
to closely monitor managers’ behavior. Therefore, earnings management in private stock
firms may be less aggressive than that in public and mutual firms. For public firms, capital
market pressure may be another motivation for more aggressive earnings management.
However, public firms are subject to strong external monitoring from the SEC, capital
markets, auditing firms and the potential takeover market. The strong external monitoring
effectively curbs the incentives for earnings management from the diffused ownership
structure and capital market pressure. Therefore, the positive and significant coefficient of
PubEARN in the RES (0.0350) equation indicates that the strong external monitoring may
override the incentives for earnings management through loss reserve errors, while the
insignificant coefficient of PubEARN in the REALSG (-0.0025) equation indicates that the
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strong external monitoring may offset the incentives for earnings management through
realized capital gains (losses). Unlike public firms, mutual firms are not subject to the
additional external monitoring mentioned previously, so mutual firms manage earnings
through loss reserve errors and realized capital gains (losses) more aggressively than
private stock firms.
The coefficients of PubMTR in the RES (0.0008) and REALSG (-0.0009) equations
are insignificantly different from zero, suggesting that public firms and private stock firms
are equally likely to manage taxes through loss reserve errors and realized capital gains
(losses). That is, the negative coefficient of MTR in the RES equation suggests that private
stock firms with higher tax marginal tax rates will report lower loss reserve errors (i.e.,
overstate incurred losses). The insignificant coefficient of PubMTR indicates that the
negative relationship between MTR and RES for public firms is as strong as that for private
stock firms, providing evidence that tax management through loss reserve errors in public
firms is as aggressive as that in private stock firms. Similarly, the negative coefficient of
MTR in the REALSG equation suggests that private stock firms with higher tax marginal
tax rates will recognize less realized capital gains. The insignificant coefficient of PubMTR
indicates that the negative relationship between MTR and REALSG for public firms is as
strong as that for private stock firms, providing evidence that tax management through
realized capital gains (losses) in public firms is as aggressive as that in private stock firms.
The positive and significant coefficient of MutMTR in the RES (0.0056) equation
suggest that mutual firms are less aggressive than private stock firms in tax management
through loss reserve errors. Recall that the negative coefficient of MTR in the RES equation
suggests that private stock firms with higher tax marginal tax rates will report lower loss
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reserve errors (i.e., overstate incurred losses). The positive coefficient of MutMTR indicates
that the negative relationship between MTR and RES becomes weaker for mutual firms,
providing evidence that tax management through loss reserve errors in mutual firms is less
aggressive than for private stock firms. The positive but insignificant coefficient of
MutMTR in the REALSG (0.0005) equation suggests that mutual firms are as aggressive as
private stock firms in tax management through realized capital gains (losses). That is, the
negative coefficient of MTR in the REALSG equation suggests that private stock firms with
higher marginal tax rates will recognize less realized capital gains. The insignificant
coefficient of MutMTR indicates that the negative relationship between MTR and REALSG
for mutual firms is as strong as that for private stock firms, providing evidence that tax
management through realized capital gains (losses) in mutual firms is as aggressive as that
in private stock firms.
These findings support Hypothesis 6(a) and partially support Hypothesis 6(b).
Compared to public and mutual firms, private stock firms have fewer owners and the
owner-manager interests are better aligned. Therefore, owners of private stock firms should
better understand tax management strategies which minimize taxes but decrease current
reported earnings than dispersed owners in public and mutual firms. Moreover,
management compensation, in particular bonus plans, are generally tied to reported
earnings over an annual performance period, decreasing the incentive for managers to
engage in tax management which is associated with lower current reported earnings. With
a lower level of owners’ oversight in public and mutual firms due to the diffused ownership,
managers in public and mutual firms are more likely to forgo tax management opportunities
associated with lower current reported earnings. Therefore, public and mutual firms are
93

less aggressive in tax management than private stock firms. Public firms, however, have
incentives to engage in tax management because certain important owners such as
institutional investors have a longer term horizon for evaluating corporate earnings
performance and would be in a position to appreciate the long-term effects of tax
management. This may explain the findings that public firms and private stock firms are
equally likely to manage tax through loss reserve errors and realized capital gains (losses).
Unlike public firms, owners of mutual firms are individual policyholders who may not be
able to see through tax management strategies, so mutual firms manage tax less
aggressively through loss reserve errors.
Also, I check the overall degree of capital, earnings, and tax management by
different ownership structures. As stated before, the coefficients of CAP, EARN, and MTR
provide evidence that private stock firms manage capital through all three discretionary
tools; they manage earnings through loss reserve errors; they manage taxes through loss
reserve errors and realized capital gains (losses). As for public and mutual firms, I check
the sums of the coefficients in the bottom half of Table 2.4. I find that public firms manage
capital through all three discretionary tools; they manage earnings through loss reserve
errors and realized capital gains (losses); they manage taxes through loss reserve errors and
realized capital gains (losses). For example, in Column (1), the sum of the coefficients of
CAP and PubCAP (-0.0257) is significantly negative, suggesting that public firms with
lower pre-managed capital levels will report income-increasing loss reserve errors. As for
mutual firms, they do not manage capital; they manage earnings through loss reserve errors
and realized capital gains (losses); they manage taxes through realized capital gains
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(losses).70 For example, in Column (1), the sum of the coefficients of EARN and MutEARN
(-0.1405) is significantly negative, suggesting that mutual firms with lower pre-managed
earnings will report income-increasing loss reserve errors.
2.6.3. Robustness
For a robustness check, I re-run the regressions in Tables 2.3 and 2.4 by replacing
the single-year loss reserve error (RES) with the multiple-year loss reserve error (RESM).
Table 2.5 reports the empirical results without controls for ownership structure. These
results are largely consistent with the results in Table 2.3, supporting Hypotheses 1(a) –
1(c), 2(a), 2(c), and 3. Compared to the results in Table 2.3, the coefficient of EARN in
Column (2) becomes marginally significant and positive, suggesting that an insurer with
higher pre-managed earnings will report more realized capital gains. This contradicts
Hypothesis 2(b). As for the control variables, in Column (1), the coefficient of LongComm
becomes insignificantly different from zero, suggesting that the proportion of business
written in long-tail commercial lines is not related to loss reserve errors. The coefficient of
LongPers (ShortPers) becomes significantly negative, suggesting that an insurer is likely
to overestimate its incurred losses if the insurer writes more business in long-tail (shorttail) personal lines.

70

Recall that the coefficient of MutCAP captures the difference of mutual insurers relative to private stock
insurers in capital management, whereas the sum of the coefficients of CAP and MutCAP captures the overall
degree of capital management by mutual insurers. In Column (1), the sum of the coefficients of CAP and
MutCAP (0.0209) is significantly positive, suggesting that mutual insurers with lower pre-managed capital
levels will report income-decreasing loss reserve errors (i.e. overstate incurred losses). This contradicts the
concept of capital management discussed in Hypothesis 1(a) and thus is not regarded as evidence for capital
management through loss reserve errors by mutual insurers. Similarly, the significantly positive sum of the
coefficients of MTR and MutMTR in Column (1) contradicts the concept of capital management discussed in
Hypothesis 2(a) and thus is not regarded as evidence for tax management through loss reserve errors by
mutual insurers.
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Table 2.5. Regression Results without Controls for Ownership (RESM)
VARIABLES

(1)
RESM

RESM
REALSG
CAPCNTR
CAP
EARN
MTR
LongComm
LongPers
ShortPers
LNPREM
Direct
LHerf
GHerf
Grp

-0.2037
(0.1278)
-0.9889***
(0.0467)
-0.0341***
(0.0060)
-0.4352***
(0.0050)
-0.0019*
(0.0010)
-0.0019
(0.0017)
-0.0092***
(0.0021)
-0.0194***
(0.0036)
0.0083***
(0.0004)
0.0014
(0.0010)
0.0119***
(0.0015)
0.0126***
(0.0012)
-0.0153***
(0.0010)

(2)
REALSG

(3)
CAPCNTR

0.0238**
(0.0096)

-0.1100***
(0.0075)
0.0349
(0.0847)

-0.2052***
(0.0110)
-0.0158***
(0.0011)
0.0076*
(0.0039)
-0.0027***
(0.0003)

YBV

0.4005***
(0.1169)
-0.1571***
(0.0051)

UNRLSG
ROA
CAPCNTRlg
LNZScorelg
Constant

Observations
R-squared

-0.0723***
(0.0024)

-0.0804***
(0.0069)

0.0161***
(0.0008)

17,923
0.2369

17,923
-0.1988

-0.3798***
(0.0109)
0.0108***
(0.0017)
0.0007***
(0.0002)
0.0327***
(0.0019)
17,923
0.1680

Note: This table presents the empirical results without controls for ownership. See Appendix E for detailed
variable definitions. All variables are scaled by the year-end total admitted assets except for indicator
variables and where indicated otherwise. RESM is the multiple-year loss reserve error, defined based on total
incurred losses for all accident years over a 5-year development period. If positive, this represents underreserving. REALSG is realized capital gains (losses). CAPCNTR is capital contributions. EARN is pre-
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managed earnings. CAP is the pre-managed capital level. MTR equals one if an insurer has a high tax rate,
and one otherwise. LongComm is the proportion of business written in long-tail commercial lines. LongPers
is the proportion of business written in long-tail personal lines. ShortPers is the proportion of business written
in short-tail personal lines. LNPREM is the natural logarithm of net premiums written. Direct equals one if
the insurer has a direct distribution system, and zero otherwise. LHerf is the line-of-business herfindahl index.
GHerf is the geographic herfindahl index. Grp equals one if the insurer is affiliated with a group, and zero
otherwise. YBV is the potential realized capital gains (losses) on bonds. UNRLSG is unrealized capital gains
(losses). ROA is return on assets. CAPCNTRlg is the lagged capital contributions. LNZScorelg is the lagged
LNZScore. LNZScore is the natural logarithm of the z-score which represents the insurer’s financial stability.
Year dummies are not reported to conserve space. Standard errors are in parentheses. *, **, and *** indicate
significance at the 10, 5, and 1 percent levels, respectively.

Table 2.6 reports the empirical results with controls for ownership structure. These
results are largely consistent with the results in Table 2.4, supporting Hypotheses 4(a) –
4(b), 5(a) – 5(b) and 6(a) – 6(b). Compared to the results in Table 2.4, the coefficient of
PubCAP in Column (1) becomes significantly negative, suggesting that capital
management through loss reserve errors in public firms is more aggressive than that in
private stock firms. This change indicates the external monitoring for public firms may not
effectively curb the incentive for capital management through loss reserve errors due to
capital market pressure. The coefficient of PutMTR in Column (1) becomes significantly
negative, consistent with Hypothesis 6(a). This change suggests that intuitional investors
may motivate public firms to engage in more aggressive tax management through loss
reserve errors than private stock firms. The sum of the coefficients of EARN and PubEARN
becomes insignificantly different from zero, suggesting that public firms do not manage
earnings through realized capital gains (losses). The sum of the coefficients of CAP and
MutCAP in Column (3) becomes significantly negative, providing evidence that mutual
firms manage capital through capital contributions.
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Table 2.6. Regression Results with Controls for Ownership (RESM)
VARIABLES

(1)
RESM

RESM
REALSG
CAPCNTR
CAP
EARN
MTR
Public
PubCAP
PubEARN
PubMTR
Mutual
MutCAP
MutEARN
MutMTR

-0.4341***
(0.1285)
-1.1237***
(0.0498)
-0.0536***
(0.0084)
-0.4504***
(0.0066)
-0.0036**
(0.0015)
0.0202***
(0.0037)
-0.0768***
(0.0079)
0.0993***
(0.0074)
-0.0054**
(0.0023)
-0.0605***
(0.0044)
0.1180***
(0.0096)
-0.0723***
(0.0091)
0.0109***
(0.0022)

(2)
REALSG

(3)
CAPCNTR

-0.0206**
(0.0102)

-0.1185***
(0.0074)
-0.1154
(0.0824)

-0.2924***
(0.0131)
-0.0292***
(0.0018)
-0.0054
(0.0045)
-0.0024***
(0.0004)
0.0002
(0.0010)
-0.0100***
(0.0022)
0.0016
(0.0024)
-0.0008
(0.0007)
-0.0096***
(0.0012)
0.0285***
(0.0025)
-0.0158***
(0.0027)
0.0007
(0.0007)

Public firms overall degree of capital, earnings, and tax management
CAP+PubCAP
-0.1304***
-0.0392***
(χ2 statistics)
(193.90)
(287.00)
EARN+PubEARN
-0.3511***
-0.0038
(χ2 statistics)
(3069.02)
(1.15)
MTR+PubMTR
-0.0090***
-0.0032***
(χ2 statistics)
(22.55)
(33.41)
Mutual firms overall degree of capital, earnings, and tax management
CAP+MutCAP
0.0644***
-0.0007
(χ2 statistics)
(80.56)
(0.21)
EARN+MutEARN
-0.5227***
-0.0212***
(χ2 statistics)
(3460.55)
(16.02)
MTR+MutMTR
0.0073***
-0.0017***
(χ2 statistics)
(18.94)
(12.13)
Observations
R-squared

17,923
0.1687

17,923
-0.4996
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-0.0859***
(0.0035)

0.0040**
(0.0018)
-0.0387***
(0.0044)

-0.0315***
(0.0023)
0.0775***
(0.0050)

-0.1246***
(1247.34)

-0.0084**
(4.64)

17,923
0.1953

Note: This table presents the empirical results with controls for ownership. See Appendix E for detailed
variable definitions. All variables are scaled by the year-end total admitted assets except for indicator
variables and where indicated otherwise. RESM is the multiple-year loss reserve error, defined based on total
incurred losses for all accident years over a 5-year development period. If positive, this represents underreserving. REALSG is realized capital gains (losses). CAPCNTR is capital contributions. EARN is premanaged earnings. CAP is the pre-managed capital level. MTR equals one if an insurer has a high tax rate,
and zero otherwise. Public equals one if the insurer’s ultimate parent company is publicly traded, and zero
otherwise. Mutual equals one if the insurer is a mutual firm, and zero otherwise. PubEarn is the interaction
of Public and EARN. PubCAP is the interaction of Public and CAP. PubMTR is the interaction of Public and
MTR. MutEARN is the interaction of Mutual and EARN. MutCAP is the interaction of Mutual and CAP.
MutMTR is the interaction of Mutual and MTR. Other control variables (which are contained in Table 2.5)
are not reported to conserve space. In the top half of the table, standard errors are in parentheses. In the
bottom half of the table, χ2 statistics of Wald tests for the sums of the coefficients are in parentheses. *, **,
and *** indicate significance at the 10, 5, and 1 percent levels, respectively.

Several other robustness checks have been implemented. First, besides using the
binary variable for the marginal tax rate (MTR), I use two alternative continuous tax rate
measures, effective tax rate (ETR) and Cash ETR.71 The regression results using ETR or
Cash ETR remain qualitatively unchanged. Second, YBV is replaced with Apprec in the
REALSG equation. Apprec represents the total market appreciation on the bond portfolio
during the year. It is analogous to YBV and is used in Gaver and Paterson (1999) as the
control variable for their net capital gains on bond investments equation. The results of
using Apprec are largely consistent with the main results of using YBV. In addition, I
include bond duration and proportion of bonds in different quality categories in the
REALSG equation. But these variables are not significant. Lastly, I divide public insurers
into foreign public insurers and U.S. public insurers. The results show that foreign public
firms and U.S. public firms behave similarly in capital, earnings and tax management
through discretionary tools.

71

ETR is defined as the ratio of federal and foreign taxes incurred to net income after dividends before federal
and foreign taxes. I truncate ETR to the range [0, 1]. Cash ETR is defined as the ratio of federal and foreign
income taxes paid to net income after dividends before federal and foreign taxes. I truncate Cash ETR to the
range [0, 1].
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2.7. Conclusions
This paper examines how P-C insurers exercise managerial discretion to achieve
capital, earnings, and tax goals. Prior studies extensively focus on one discretionary accrual
tool, loss reserve errors. I consider two more real transaction discretionary tools, namely,
realized capital gains (losses) from investment sales, and capital contributions. Following
prior literature (e.g., Beatty, Chamberlain, and Magliolo, 1995; Mikhail, 1999), I use a
simultaneous equations model to capture the interdependencies among these three
discretionary tools.
I find that when P-C insurers have lower pre-managed capital levels, managers will
report income-increasing loss reserve errors, recognize more realized capital gains by
selling appreciated assets, and receive more capital contributions. When P-C insurers have
lower pre-managed earnings, managers will report income-increasing loss reserve errors.
When P-C insurers face higher marginal tax rates, managers will report income-decreasing
loss reserve errors and sell more assets associated with realized capital losses.
Furthermore, my sample includes three types of firms, i.e., public, private stock,
and mutual firms, which enables me to assess how the coordination of capital, earnings,
and tax management varies with ownership structures. I find that public firms manage
capital more aggressively by capital contributions than private stock firms, while mutual
firms manage capital less aggressively by capital contributions than private stock firms.
This is consistent with the relative access to external capital by the three types of firms.
Mutual firms mainly write business in lines with less managerial discretion, so they are
less aggressive in capital management than private stock firms through the use of loss
reserve errors and realized capital gains (losses). Due to the diffused ownership, mutual
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firms are more aggressive in earnings management than private stock firms through the use
of loss reserve errors and realized capital gains (losses); mutual firms are less aggressive
in tax management than private stock firms through the use of loss reserve errors.
There is limited evidence that public firms and private stock firms behave
differently in capital, earnings or tax management through the use of loss reserve errors
and realized capital gains (losses). Although capital market pressure may motivate public
firms to engage in more aggressive capital or earnings management than private stock firms,
strong external monitoring may effectively suppress such behavior. Although diffused
owners of public firms may not be able to appreciate tax planning strategies which may
decrease short-term reported earnings but enhance firm value in the long-term, institutional
investors of public firms can help mitigate this issue and make public firms engage in tax
management as aggressively as private stock firms.
Overall, this study finds that P-C insurers simultaneously use accrual, investment,
and financing tools to achieve capital, earnings and tax goals. Therefore, when regulators
and investors evaluate performance of P-C insurers, they should consider managerial
discretion through both the accrual tool and the real transaction tools. Moreover, I find that
the degrees of capital, earnings, and tax management of different types of firms are subject
to different levels of managerial discretion. Therefore, regulators and investors should
evaluate capital, earnings and tax levels of different types of firms with different emphases.
For example, as mutual firms manage earnings through loss reserve errors and realized
capital gains (losses) more aggressively than stock firms, regulators should consider
managerial discretion more carefully when they evaluate earnings of mutual firms.
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APPENDIX A
THEORETICAL MODEL DERIVATION
Proof of Proposition 1.
̅𝑖 = {𝐷𝑖1 , 𝐷𝑖2 , … , 𝐷𝑖𝑗 , … , 𝐷𝑖𝐽 } represent the 1 × J vector of investor i’s demand
Let 𝐷
for ownership in J firms, where 𝐷𝑖𝑗  represents investor i’s demand expressed as a
percentage of the total firm. Let 𝑃̅ = {𝑃1 , 𝑃2 , … , 𝑃𝑗 , … , 𝑃𝐽 } represent the vector of firm
prices at the beginning of the period, where 𝑃𝑗 represents the price of firm j. Let 𝑉̅ =
{𝑉̃1 , 𝑉̃2 , … , 𝑉̃𝑗 , … , 𝑉̃𝐽 } represent the vector of firms’ uncertain end-of-period cash flows,
where 𝑉̃𝑗 represents firm j’s cash flow. Let 𝑤𝑖 represent investor i’s endowed wealth.
̅𝑖 to maximize her end-of-period expected
First, investor i chooses her demand 𝐷
utility by solving:
1

̅𝑖 𝑉̅ ′]) |𝑧]
max 𝐸 [𝜏 (1 − 𝑒𝑥𝑝[− 𝜏 𝐷

(A1)

̅𝑖
𝐷

subject to the budget constraint
̅𝑖 𝑃̅′ = 𝑤𝑖 .
𝐷
Incorporating the budget constraint into (A1) and taking the expectation yields the
following expression:
1
̅𝑖 𝑉̅ ′ − 𝐷
̅𝑖 𝑃̅ ′ + 𝑤𝑖 )]) |𝑧]
𝑚𝑎𝑥𝐸 [𝜏 (1 − 𝑒𝑥𝑝[− (𝐷
̅𝑖
𝐷
𝜏
′

1

̅𝑖 {𝐸[𝑉̃1|𝑧] − 𝑃1 , 𝐸[𝑉̃2 |𝑧] − 𝑃2 , … , 𝐸[𝑉̃𝐽 |𝑧] − 𝑃𝐽 } + 𝑤𝑖 ) +
= 𝜏 (1 − 𝑒𝑥𝑝 [− 𝜏 (𝐷
1
2𝜏2

̅𝑖 𝛬𝐷
̅𝑖′ ]),
𝐷

(A2)

̃𝑠 , 𝑉̃𝑡 |𝑧].
where 𝛬 is a J × J covariance matrix whose s, t-th term is 𝐶𝑜𝑣[𝑉
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For each j, taking the derivative with respective to 𝐷𝑖𝑗 results in the first-order
condition that maximizes equation (A2):
1

̃𝑗 , 𝑉̃𝑘 |𝑧], ∀𝑗 = 1, 2, … , 𝐽.
0 = 𝐸[𝑉̃𝑗 |𝑧] − 𝑃𝑗 − 𝜏 ∑𝐽𝑘=1 𝐷𝑖𝑘 𝐶𝑜𝑣[𝑉

(A3)

Market clearing requires N investors collectively have claims to the cash flow of the entire
firm, so for each firm k it must be the case that ∑𝑁
𝑖=1 𝐷𝑖𝑘 =1. Summing over both sides of
equation (A3) with respect to i yields:
1
𝐽
̃ ̃
0 = 𝑁(𝐸[𝑉̃𝑗 |𝑧] − 𝑃𝑗 ) − 𝜏 ∑𝑁
𝑖=1 ∑𝑘=1 𝐷𝑖𝑘 𝐶𝑜𝑣[𝑉𝑗 , 𝑉𝑘 |𝑧],

or
1

̃𝑗 , 𝑉̃𝑘 |𝑧].
0 = 𝑁(𝐸[𝑉̃𝑗 |𝑧] − 𝑃𝑗 ) − 𝜏 ∑𝐽𝑘=1 𝐶𝑜𝑣[𝑉
This implies that the equilibrium price for firm j is given by:
1
̃𝑗 , 𝑉̃𝑘 |𝑧].
𝑃𝑗 (𝑧) = 𝐸[𝑉̃𝑗 |𝑧] − 𝑁𝜏 ∑𝐽𝑘=1 𝐶𝑜𝑣[𝑉

(A4)

Second, the manager choses the production quantity 𝑘𝑗 (𝑧) to maximize the firm’s
beginning-of-period price 𝑃𝑗 (𝑧)by solving:
1

𝑚𝑎𝑥 𝑘𝑗 (𝑧)𝐸[𝜋̃𝑗 |𝑧] − 𝑁𝜏 [𝑘𝑗 (𝑧)2 𝑉𝑎𝑟[𝜋̃𝑗 |𝑧] + 𝑘𝑗 (𝑧)𝑐𝑜𝑣[𝜋̃𝑗 , ∑𝑚≠𝑗 𝑉̃𝑚 |𝑧]].
𝑘𝑗 (𝑧)

(A5)

The optimal production level then becomes:
𝑘𝑗 (𝑧) =

1
̃𝑚 |𝑧]
̃ 𝑗 ,∑𝑚≠𝑗 𝑉
𝑐𝑜𝑣[𝜋
𝑁𝜏
2
̃ 𝑗 |𝑧]
𝑉𝑎𝑟[𝜋
𝑁𝜏

̃ 𝑗 |𝑧]−
𝐸[𝜋

.

(A6)

The expressions 𝐸[𝜋̃𝑗 |𝑧], 𝑉𝑎𝑟[𝜋̃𝑗 |𝑧], and 𝑐𝑜𝑣[𝜋̃𝑗 , ∑𝑚≠𝑗 𝑉̃𝑚 |𝑧] in equations (6) to
(8) can be easily derived from the Bayes’ Theorem.
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Q.E.D.

Proof of Proposition 2.
Holding a firm’s real decision, 𝑘𝑗 (𝑧), constant, the direct effect of information risk
on the cost of equity capital can be expressed as follows:
𝜕𝐸[𝑅̃𝑗 |𝑧]
𝜕𝛽𝑗

=

𝜕𝐸[𝑅̃𝑗 |𝑧] 𝜕𝐻(𝑧)
𝜕𝐻(𝑧)

𝜕𝛽𝑗

−𝑁𝜏

= (𝑁𝜏𝐻(𝑧)−1)2

−𝛼𝑗 𝑧(𝑘𝑗 (𝑧)𝛼𝑗 +𝜌𝑗 )
2

[(𝑘𝑗 (𝑧)𝛼𝑗 +𝜌𝑗 )𝛽𝑗 ]

.

(A7)

Plugging equations (6) to (8) into equation (5), I obtain
𝑘𝑗 (𝑧) =

1
̃𝑚 |𝑧]
̃ 𝑗 ,∑𝑚≠𝑗 𝑉
𝑐𝑜𝑣[𝜋
𝑁𝜏
2
̃ 𝑗 |𝑧]
𝑉𝑎𝑟[𝜋
𝑁𝜏

̃ 𝑗 |𝑧]−
𝐸[𝜋

=

𝑁𝜏(𝛼𝑗 𝑧+𝛽𝑗 𝜋0𝑗 )−𝜌𝑗 𝛽𝑗
2𝛼𝑗 𝛽𝑗

.

(A8)

So when 𝑘𝑗 (𝑧)𝛼𝑗 + 𝜌𝑗 > 0, i.e., 𝜌𝑗 > −𝑁𝜏(𝛼𝑗 𝑧⁄𝛽𝑗 + 𝜋0𝑗 ), I know that

𝜕𝐸[𝑅̃𝑗 |𝑧]
𝜕𝛽𝑗

> 0.

The indirect effect of information risk on the cost of equity resulting from a change
in the firm’s production decisions can be expressed as
𝜕𝑘𝑗 (𝑧)



𝜕𝛽𝑗

=−

𝜕𝐸[𝑅̃𝑗 |𝑧]
𝜕𝑘𝑗 (𝑧)

=

𝑁𝜏𝑧
2𝛽𝑗 2

𝜕𝐸[𝑅̃𝑗 |𝑧] 𝜕𝑘𝑗 (𝑧)
𝜕𝑘𝑗 (𝑧)

𝜕𝛽𝑗

< 0.

𝜕𝐸[𝑅̃𝑗 |𝑧] 𝜕𝐻(𝑧)
𝜕𝐻(𝑧) 𝜕𝑘𝑗 (𝑧)

, where
(A9)

−𝑁𝜏

= (𝑁𝜏𝐻(𝑧)−1)2

−(𝛼𝑗 𝑧+𝛽𝑗 𝜋0𝑗 )𝛼𝑗 𝛽𝑗
2

[(𝑘𝑗 (𝑧)𝛼𝑗 +𝜌𝑗 )𝛽𝑗 ]

>0

(A10)

Therefore, the indirect effect of information risk on the cost of equity capital is negative.
Q.E.D.
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APPENDIX B
CALCULATING LOSS RESERVE ERRORS (RE AND RE1)
Following EHZ, I define loss reserve errors (RE) as the difference between the fiveyear developed total incurred losses and the originally reported total incurred losses scaled
by total admitted assets in the current year (e.g., Petroni 1992; Gaver and Paterson, 2004;
Grace and Leverty, 2012).
REt = (L≤t,t+5 – L≤t,t ) / At = incurred losses for all accident years through t estimated
in calendar year t+5 – incurred losses for all accident years through t estimated in
calendar year t, scaled by total admitted assets in calendar year t.
For robustness, I also use an alternative definition of loss reserve errors (RE1)
(Weiss, 1985). RE1 is defined based on incurred losses for only accident year t, whereas
RE is based on total incurred losses for all accident years through year t.
RE1t = (Lt,t+5 – Lt,t ) / At = incurred losses for accident year t estimated in calendar
year t+5 – incurred losses for accident year t estimated in calendar year t, scaled by
total admitted assets in calendar year t.
Schedule P – Part 2 – Summary in the NAIC Annual Statement is used to calculate
loss reserve errors. Table B.1 is an example of this schedule excerpted from the 2015
Annual Statement of Allstate Insurance Company. Schedule P – Part 2 reports the
development of incurred losses over a ten-year period. In particular, it shows incurred
losses by the year in which the losses were incurred, the accident year (rows 1 through 11),
and the evaluation date, the calendar year (columns 1 through 10). For example, in calendar
year 2010, Allstate estimated that $15,178.721 million of losses incurred in accident year
2010 (row 6, column 5, in bold and italics). In calendar year 2015, this estimate of incurred
losses for accident year 2010 was revised downward to $14,628.769 million (row 6,
column 10, in bold and italics). That is, for Allstate, L2010,2010 = $15,178.721 million, and
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L2010,2015 = $14,628.769 million. Given that Allstate’s total admitted assets in year 2010 is
$40,786.140 million, RE1 for Allstate in year 2010 is -0.0135 (i.e., (14,628.76915,178.721)/40,786.140).
The total incurred losses estimated for a given calendar year is the sum of the
incurred losses in the column of that year. For example, by the end of calendar year 2010,
the estimated incurred losses for all accident years through 2010 were $81,201.940 million
(the sum of the six italicized values in column 5 – 2010). By the end of calendar year 2015,
the estimated incurred losses for all accident years through 2010 were revised downward
to $80,847.707 million (the sum of the six italicized values in column 10 – 2015). That is,
for Allstate, L≤2010,2010 = $81,201.940 million, and L≤2010,2015 = $80,847.707 million. Given
that Allstate’s total admitted assets in year 2010 is $40,786.140 million, RE for Allstate in
year 2010 is -0.0087 (i.e., (80,847.707-81,201.940)/40,786.140).
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Table B.1. NAIC Property-Casualty Annual Statement Schedule P – Part 2 – Summary
Excerpt from the 2015 Annual Statement of Allstate Insurance Company (NAIC Company Code 19232)
Years in
Which
Losses Were
Incurred
(Accident
Year)
1. Prior
2. 2006
3. 2007
4. 2008
5. 2009
6. 2010
7. 2011
8. 2012
9. 2013
10. 2014
11. 2015

1
2006
8,145,345
13,214,861
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX

Incurred Net Losses and Defense and Cost Containment Expenses Reported at Year End ($000 Omitted)
(Calendar Year)
2
3
4
5
6
7
8
9
2007
7,948,016
13,274,092
14,033,899
XXX
XXX
XXX
XXX
XXX
XXX
XXX
XXX

2008
8,155,377
13,215,321
14,064,175
15,691,173
XXX
XXX
XXX
XXX
XXX
XXX
XXX

2009
8,475,081
13,184,977
13,908,744
15,488,971
14,949,344
XXX
XXX
XXX
XXX
XXX
XXX

2010
8,712,448
13,104,097
13,823,226
15,482,323
14,901,125
15,178,721
XXX
XXX
XXX
XXX
XXX
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2011
8,899,702
13,094,492
13,818,519
15,474,599
14,742,864
14,915,338
16,235,011
XXX
XXX
XXX
XXX

2012
9,027,354
13,117,707
13,811,554
15,450,746
14,686,790
14,750,224
15,951,285
14,791,039
XXX
XXX
XXX

2013
9,190,283
13,075,493
13,769,609
15,432,439
14,628,443
14,714,354
15,868,555
14,874,844
14,173,262
XXX
XXX

2014
9,249,827
13,068,502
13,769,180
15,419,829
14,678,174
14,654,279
15,833,154
14,771,026
14,259,654
15,582,025
XXX

10
2015
9,374,983
13,065,430
13,753,832
15,403,728
14,620,965
14,628,769
15,775,932
14,758,057
14,309,311
15,763,265
16,853,720

APPENDIX C
ESTIMATING BAYESIAN BETA
Following Cosemans, et al. (2016), I estimate a firm’s Bayesian beta by shrinking
the rolling sample least-squares estimate of beta toward the prior beta based on firm
fundamentals. In Section C.1, I estimate rolling sample betas. Section C.2 presents the
specification and estimation of the fundamentals-based prior. In Section C.3, I update this
prior belief with sample information to obtain the Bayesian beta estimates. In Section C.4,
I describe the data and the firm-fundamental variables.
C.1. Rolling Sample Estimates of Beta
I use daily stock return data to obtain monthly sample estimates of beta from rolling
sample regressions. I run the following time-series regression
𝑟𝑖𝑡,𝑠 = 𝛼𝑖𝑡 + 𝛽𝑖𝑡 𝑟𝑀𝑡,𝑠 + 𝜖𝑖𝑡,𝑠 ,

(C1)

where 𝑟𝑖𝑡,𝑠 and 𝑟𝑀𝑡,𝑠 are daily excess returns of stock i and of the market, respectively. The
subscript s=(1,2,…τ) is used to index the daily returns before the end of month t and τ is
the length of the estimation window (125 trading days). The subscript t is to emphasize that
I estimate betas for each month t. The error term 𝜖𝑖𝑡,𝑠 is a normally distributed idiosyncratic
return shock with zero-mean and variance 𝜎𝑖𝑡2 .
C.2. Fundamentals-based Prior for Beta
I construct a prior for beta that is unique to each firm and economically informative
by incorporating observable firm-specific information. I assume that the prior distribution
for 𝛽𝑖𝑡 is normal:
̅ , 𝜎𝛽2 ).
𝛽𝑖𝑡 ~𝑁(𝛽𝑖𝑡
𝑖𝑡
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(C2)

Then, I specify a monthly panel model to elicit a prior for the beta of firm i in month
t,
∗
𝑅𝑖𝑡 = 𝛼𝑖∗ + 𝛽𝑖𝑡|𝑡−1
𝑅𝑀𝑡 + 𝜂𝑖𝑡 ,

(C3)

where 𝑅𝑖𝑡 and 𝑅𝑀𝑡 are monthly excess returns on stock i and the market, respectively, 𝛼𝑖∗
∗
is the risk-adjusted stock return, and 𝛽𝑖𝑡|𝑡−1
is the prior beta. The error term 𝜂𝑖𝑡 is normally

distributed with mean 0 and variance 𝜎𝜂2𝑖 and is assumed to be independent across stocks.
Following Cosemans, et al. (2016), the prior beta is parameterized as a linear function of
conditioning variables:
∗
𝛽𝑖𝑡|𝑡−1
= 𝛿0𝑖 + 𝛿1𝑖 𝑋𝑡−1 + 𝛿2′ 𝑍𝑖𝑡−1 + 𝛿3′ 𝑍𝑖𝑡−1 𝑋𝑡−1 ,

(C4)

where 𝑋𝑡−1 is the lagged default spread as an indicator of the state of the economy, and
𝑍𝑖𝑡−1 is a vector of lagged firm characteristics, including size, book-to-market, financial
leverage, operating leverage, and momentum. Substituting (C4) into (C3) yields:
𝑅𝑖𝑡 = 𝛼𝑖∗ + (𝛿0𝑖 + 𝛿1𝑖 𝑋𝑡−1 + 𝛿2′ 𝑍𝑖𝑡−1 + 𝛿3′ 𝑍𝑖𝑡−1 𝑋𝑡−1 )𝑅𝑀𝑡 + 𝜂𝑖𝑡 .

(C5)

∗
The posterior moments of 𝛽𝑖𝑡|𝑡−1
obtained from this panel model constitute the prior mean

and variance for 𝛽𝑖𝑡 in equation (C2).
C.2.1. Specifying Prior Distributions for Parameters in the Panel Model
I estimate the parameters in the panel model (C5) using Gibbs sampling. To
implement, I specify the prior distributions for the parameters. I stack the firm-specific
parameters 𝛼𝑖∗ , 𝛿0𝑖 , and 𝛿1𝑖 in the vector 𝜃𝑖 and the pooled parameters 𝛿2 and 𝛿3 in the
vector 𝜉. I specify a common prior for 𝜃𝑖 :
𝜃𝑖 ~𝑁(𝜃̅, Ω𝜃 ).
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The prior means 𝜃̅ and the precision matrix Ω−1
𝜃 , are assumed to follow the uninformative
priors:
𝜃̅~𝑁(𝜅, Ω𝜅 ),
−1
Ω−1
𝜃 ~𝑊([𝜓𝜃 𝑆𝜃 ] , 𝜓𝜃 ),

where 𝜓𝜃 and [𝜓𝜃 𝑆𝜃 ]−1 are the degrees of freedom and the scale matrix in the Wishart
distribution W, respectively. I set 𝜅 equal to the zero vector and Ω𝜅 to 100I, with I denoting
the identity matrix. I set 𝜓𝜃 equal to the dimension of Ω𝜃 and 𝑆𝜃 to the identity matrix.
For the pooled parameters in 𝜉, I specify an uninformative prior:
𝜉~𝑁(𝜉 ̅, Ω𝜉 ),
where 𝜉 ̅ is set equal to zero and Ω𝜉 to 100I.
For the idiosyncratic volatility 𝜎𝜂2𝑖 , I specify a diffuse prior:
𝑝(𝜎𝜂2𝑖 ) ∝

1
.
𝜎𝜂2𝑖

C.2.2. Algorithm for Estimating Parameters in the Panel Model
Given the assumption of normally distributed error terms, the likelihood function
for the panel model (C5) is:
𝑁

𝑝(𝑅|𝐺, 𝐻, Θ) ∝ ∏

1

𝑇
𝜎 𝑖
𝑖=1 𝜂𝑖

exp (−

1
(𝑅 − 𝐺𝑖 𝜃𝑖 − 𝐻𝑖 𝜉)′ (𝑅𝑖 − 𝐺𝑖 𝜃𝑖 − 𝐻𝑖 𝜉)),
2𝜎𝜂2𝑖 𝑖

where Θ is the set of all model parameters, N is the number of firms, 𝑇𝑖 is the number of
monthly returns for firm i, and 𝑅𝑖 is the 𝑇𝑖 × 1 vector of monthly returns for firm i. 𝐺𝑖 is a
matrix that contains the 𝑇𝑖 -vector of ones 𝜄 𝑇𝑖 (constant term), the product of the 𝑇𝑖 × 𝑇𝑖
diagonal matrix of market returns 𝑅𝑀 and 𝜄𝑇𝑖 , and the product of 𝑅𝑀 and the 𝑇𝑖 × 1 state
vector X. 𝐻𝑖 is a matrix that contains the product of 𝑅𝑀 and the 𝑇𝑖 × 𝑧 matrix of firm
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fundamentals 𝑍𝑖 and the product of 𝑅𝑀 and 𝑇𝑖 × 𝑧 matrix of interaction terms 𝑍𝑖 𝑋. The
matrices R, G, and H stack the data in 𝑅𝑖 , 𝐺𝑖 , and 𝐻𝑖 across the N firms.
To implement Gibbs sampling, I partition the set of model parameters Θ into
2
̅ −1
several blocks, i.e., Θ = {{𝜃𝑖 }𝑁
𝑖=1 , 𝜃 , 𝛺𝜃 , 𝜉, {𝜎𝜂𝑖 }

𝑁
𝑖=1

}. I use the notation Θ−𝑥 to denote all

parameters in Θ other than 𝑥. I set initial values for all the parameters in equation (C5) at
their OLS estimates, then sequentially sample from the following full conditional
posteriors for each block to obtain draws from the joint posterior:
̃ 𝜃 ) for each firm i,
1. Draw 𝜃𝑖 |Θ−𝜃𝑖 , 𝑅, 𝐺, 𝐻~𝑁(𝜃̃𝑖 , Ω
𝑖
where
−1

̃𝜃 = (
Ω
𝑖
̃𝜃 (
𝜃̃𝑖 = Ω
𝑖

1 ′
𝐺𝑖 𝐺𝑖 + Ω−1
𝜃 ) ,
2
𝜎𝜂𝑖

1 ′
̅
𝐺 (𝑅 − 𝐻𝑖 𝜉) + Ω−1
𝜃 𝜃 ).
𝜎𝜂2𝑖 𝑖 𝑖

̅ |Θ−𝜃̅ , 𝑅, 𝐺, 𝐻~𝑁 (𝜃̃̅ , Ω
̃ 𝜃̅ ),
2. Draw 𝜃
where
−1 −1
̃ 𝜃̅ = (𝑁Ω−1
Ω
𝜃 + Ω𝜅 ) ,
𝑁
−1
̃ 𝜃̅ (Ω−1
𝜃̃̅ = Ω
𝜃 ∑ 𝜃𝑖 + Ωκ 𝜅).
𝑖=1
−1
̅
̅ ′
3. Draw Ω−1
, 𝑅, 𝐺, 𝐻~𝑊([∑𝑁
𝜃 |Θ−Ω−1
𝑖=1(𝜃𝑖 − 𝜃 )(𝜃𝑖 − 𝜃 ) + 𝜓𝜃 𝑆𝜃 ] , 𝜓𝜃 + 𝑁).
𝜃

̃ 𝜉 ),
4. Draw 𝜉|Θ−𝜉 , 𝑅, 𝐺, 𝐻~𝑁(𝜉̃, Ω
where
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−1

𝑁

1 ′
̃ 𝜉 = (∑
Ω
𝐻 𝐻 + Ω−1
𝜉 ) ,
𝜎𝜂2𝑖 𝑖 𝑖
𝑖=1

𝑁

̃ 𝜉 (∑
𝜉̃ = Ω
𝑖=1

1 ′
̅
𝐻 (𝑅 − 𝐺𝑖 𝜃𝑖 ) + Ω−1
𝜉 𝜉 ).
𝜎𝜂2𝑖 𝑖 𝑖
𝑇

−1

1

5. Draw 𝜎𝜂2𝑖 |Θ−𝜎𝜂2 , 𝑅, 𝐺, 𝐻~𝐼𝐺 ( 2𝑖 , [2 (𝑅𝑖 − 𝐺𝑖 𝜃𝑖 − 𝐻𝑖 𝜉)′ (𝑅𝑖 − 𝐺𝑖 𝜃𝑖 − 𝐻𝑖 𝜉)] )
𝑖

for each firm i.
Standard diagnostics show that the obtained parameter chains converge after 500
draws. Therefore, I run 12,500 iterations and discard the first 2500 iterations as a burn-in
∗
period. Finally, I compute the posterior mean and variance of 𝛽𝑖𝑡|𝑡−1
 as the sample

moments of the remaining 10,000 draws:
1
∗(𝑙)
∗
𝛽̃𝑖𝑡|𝑡−1
= 𝐿 ∑𝐿𝑙=1 𝛽𝑖𝑡|𝑡−1
,

𝜎̃𝛽2∗

𝑖𝑡|𝑡−1

1
∗(𝑙)
∗
= 𝐿 ∑𝐿𝑙=1(𝛽𝑖𝑡|𝑡−1
− 𝛽̃𝑖𝑡|𝑡−1
)2 ,
∗(𝑙)

where L is the number of draws and 𝛽𝑖𝑡
∗(𝑙)

(𝑙)

(𝑙)

(C6)
(C7)

is the beta of firm i in the lth draw,
′(𝑙)

′(𝑙)

𝛽𝑖𝑡|𝑡−1 = 𝛿0𝑖 + 𝛿1𝑖 𝑋𝑡−1 + 𝛿2 𝑍𝑖𝑡−1 + 𝛿3 𝑍𝑖𝑡−1 𝑋𝑡−1 .

(C8)

∗
The posterior moments of 𝛽𝑖𝑡|𝑡−1
constitute the prior moments for 𝛽𝑖𝑡 :
∗
̅ = 𝛽̃𝑖𝑡|𝑡−1
𝛽𝑖𝑡
,

𝜎𝛽2𝑖𝑡 = 𝜎̃𝛽2∗

𝑖𝑡|𝑡−1

(C9)
.

(C10)

C.3. Computing Bayesian betas
I update the prior belief estimates from equations (C9) and (C10) with the rolling
sample least-squares estimate of beta from equation (C1) to obtain a shrinkage estimate of
beta, which is approximately normally distributed with mean and variance given by:
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𝛽̃𝑖𝑡 =

̅𝑖𝑡 ⁄𝜎2 +𝑏𝑖𝑡 ⁄𝑠2
𝛽
𝑏
𝛽

𝑖𝑡

𝑖𝑡

2 +1⁄𝑠2
1⁄𝜎𝛽
𝑏𝑖𝑡
𝑖𝑡

𝜎̃𝛽2𝑖𝑡 = 1⁄𝜎2

1

2
𝛽𝑖𝑡 +1⁄𝑠𝑏𝑖𝑡

,

,

(C11)
(C12)

where 𝑏𝑖𝑡 denotes the sample estimate of 𝛽𝑖𝑡 , and 𝑠𝑏2𝑖𝑡 is the OLS sampling variance of 𝑏𝑖𝑡 .
I refer to the posterior mean 𝛽̃𝑖𝑡 as the Bayesian/hybrid beta for firm i in month t. I
use the annually averaged Bayesian beta to proxy the cost of equity capital for each groupyear in the regression analysis.
C.4. Data
I obtain the daily and monthly return and the market value of equity from CRSP for
all group insurers publicly traded during the period from January 1960 to December 2018.
I use the value-weighted portfolio of all stocks as a proxy for the market portfolio. The
accounting data come from Compustat and consist of the book value of total assets, the net
sales, and the operating income before depreciation.
Firm size is measured by the market value of equity. Book-to-market is the ratio of
the book value to the market value of equity. Financial leverage is the ratio of the book
value of assets to the market value of equity. Operating leverage is computed as the threeyear moving average of the ratio of the percentage change in operating income before
depreciation to the percentage change in sales. Momentum is measured as the cumulative
return over the 12 months prior to the current month. The default spread is measured as the
yield differential between Moody’s Baa- and Aaa-rated corporate bonds.
I calculate book-to-market and leverage using accounting data from Compustat as
of December of the previous year and exclude firms with negative book-to-market equity.
I use the logarithmic transformation of the size, book-to-market, and financial leverage
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variables because their distributions are skewed. I standardize all characteristics by
subtracting the cross-sectional mean and dividing by the cross-sectional standard deviation
in each month to remove any time trend in their average value.
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APPENDIX D
ESTIMATING AQ (FLOS)
To estimate the accruals quality measure defined in FLOS, I first estimate abnormal
accruals as the residual from the following equation (all variables are scaled by total
admitted assets):
𝑇𝐶𝐴𝑗,𝑡 = 𝛽0 + 𝛽1 𝐶𝐹𝑂𝑗,𝑡−1 + 𝛽2 𝐶𝐹𝑂𝑗,𝑡 + 𝛽3 𝐶𝐹𝑂𝑗,𝑡+1 + 𝛽4 ∆𝑃𝐸𝑗,𝑡 + 𝜀𝑗,𝑡 .

(D1)

where 𝑇𝐶𝐴𝑗,𝑡 = ∆𝐶𝐴𝑗,𝑡 − ∆𝐶𝐿𝑗,𝑡 − ∆𝐶𝑎𝑠ℎ𝑗,𝑡 = total current accruals in year t, ∆𝐶𝐴𝑗,𝑡 =
firm j’s change in current assets between year t and year t-1, ∆𝐶𝐿𝑗,𝑡 = firm j’s change in
current liabilities between year t and year t-1, ∆𝐶𝑎𝑠ℎ𝑗,𝑡 = firm j’s change in cash between
year t and year t-1, 𝐶𝐹𝑂𝑗,𝑡 = firm j’s cash flow from operations in year t, ∆𝑃𝐸𝑗,𝑡 = firm j’s
change in net premiums earned (i.e. revenues) between year t and year t-1.72, 73
The current assets include the following items in the statement of assets: Bonds
(maturing in one year or less), Stocks, Cash, cash equivalent and short-term investments,
Derivatives, Receivables for securities, Securities lending reinvested collateral assets,
Investment income due and accrued, Uncollected premiums and agent’s balances in the
course of collection, Accrued retrospective premiums, Accounts recoverable from
reinsurers, Amounts receivable relating to uninsured plans, Current federal and foreign
income tax recoverable and interest thereon.74

72

FLOS includes another explanatory variable ∆𝑃𝑃𝐸𝑗,𝑡 , firm j’s change in plant, property, and equipment
(PPE), in their equation (1). I omit this variable because insurers do not have significant PPE investments
unlike manufacturing firms.
73

FLOS includes another component ∆𝑆𝑇𝐷𝐸𝐵𝑇𝑗,𝑡 , firm j’s change in current liabilities between year t and
year t-1, in their definition of 𝑇𝐶𝐴𝑗,𝑡 . I omit this component because insurers have almost no borrowed money
unlike manufacturing firms.
74

The data for bonds maturing in one year or less is obtained from Schedule D – Part 1A – Section 1.
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The current liabilities include the following items in the statement of liabilities:
Losses (current), Loss adjustment expenses (current), Reinsurance payable on paid losses
and loss adjustment expenses, Commissions payable, Contingent commissions and other
similar charges, Other expenses (excluding taxes, licenses and fees), Taxes, licenses and
fees (excluding federal and foreign income taxes), Current federal and foreign income taxes,
Unearned premiums, Dividends declared and unpaid, Ceded reinsurance premiums
payable (net of ceding commissions), Derivatives, Payable for securities, Payable for
securities lending.75
Then, AQ (FLOS) is defined as the standard deviation of abnormal accruals
calculated over the prior 5 years (periods t-4 to t):
𝑡

√∑
𝐴𝑄(𝐹𝐿𝑂𝑆)𝑗,𝑡 =

2

𝑡
∑

(𝜀𝑗,𝑡 −

𝜀
𝑡−4 𝑗,𝑡
5

)

𝑡−4

,

4

(D2)

where 𝜀𝑗,𝑡 is the residual from equation (D1). The decomposition of AQ (FLOS) into the
innate and discretionary components follows the same methodology as in Section 1.5.2.

75

I define current losses and loss adjustment expenses in year t as the losses and loss adjustment expenses
paid in year t+1. The data is obtained from Schedule P – Part 3 – Summary.
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APPENDIX E
TOOL, GOAL, AND CONTROL VARIABLES
This appendix defines the tool, goal, and control variables in Chapter 2. 76 All
variables are scaled by the year-end total admitted assets except for indicator variables and
where indicated otherwise.
E.1. Tool Variables
1(a). RES = Lt,t+5 – Lt,t = incurred losses for accident year t estimated in calendar year t+5
– incurred losses for accident year t estimated in calendar year t. If positive, this represents
under-reserving. The data is from Schedule P – Part 2 – Summary.
1(b). RESM = L≤t,t+5 – L≤t,t = incurred losses for all accident years through t estimated in
calendar year t+5 – incurred losses for all accident years through t estimated in calendar
year t. If positive, this represents under-reserving. The data is from Schedule P – Part 2 –
Summary.
2. REALSG = net realized capital gains (losses). The data is from Statement of Income.
3. CAPCNTR = capital paid in + surplus paid in + change in surplus notes – dividends to
stockholders. The data is from Capital and Surplus Account.
E.2. Goal Variables
1. EARN = net income after policyholder dividends but before federal income taxes – loss
reserve errors – net realized capital gains (losses).
2. CAP = surplus – (loss reserve errors)*(1 – 35%) – (net realized capital gains less capital
gains tax) – capital contributions.
3. MTR = 0 if an insurer has a low tax rate, and 1 otherwise. The insurer is assumed to
have a low tax rate if the insurer has a net operating loss (NOL) carryover, which is
identified by the insurer not currently paying any taxes or receiving a refund of prior-year
taxes. The data is from Statement of Income.

76

The data source refers to NAIC Annual Statement for the year 2013 except where indicated otherwise.
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E.3. Control Variables – Non-discretionary Components of Tool Variables
E.3.1. RES Equation
1. LongComm = the percentage of net premiums written in long-tail commercial lines of
business, i.e., commercial multiple peril, ocean marine, medical malpractice, workers’
compensation, other liability, products liability, commercial auto liability, aircraft, boiler
and machinery, international, and reinsurance. The data is from Underwriting and
Investment Exhibit Part 1 – Premiums Earned.
2. ShortComm = the percentage of net premiums written in long-tail personal lines of
business, i.e., farmowners multiple peril, homeowners multiple peril, and private passenger
auto liability. The data is from Underwriting and Investment Exhibit Part 1B – Premiums
Written.
3. ShortPers = the percentage of net premiums written in short-tail personal lines of
business, i.e., earthquake, other accident and health, and private passenger auto physical
damage. The data is from Underwriting and Investment Exhibit Part 1B – Premiums
Written.
4. LNPREM = the natural logarithm of net premiums written.
5. Direct = 1 if the insurer has a direct distribution system, and zero otherwise. The data
is from Best’s Key Rating Guide.
N

6. LHerf = line-of-business Herfindahl index =

s
i 1

2
i

, where si = the percentage of direct

premiums written in line i. The data is from Underwriting and Investment Exhibit Part 1B
– Premiums Written.
M

7. GHerf = geographic Herfindahl index =

s
j 1

2
j

, where s j = the percentage of direct

premiums written in state j. The data is form Schedule T – Exhibit of Premiums Written.
8. Grp = 1 if the insurer is affiliated with a group, and zero otherwise. The data is from the
page of Demographics.
E.3.2. REALSG Equation
1. YBV represents the potential realized capital gains and losses and is estimated as follows:
YBVi ,t  1  YLDt 1  1  YLDt   1  YLDt 1   I i ,t 1 ,


2

1
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where

YLDt 1 = lagged annual average Aaa corporate bond yield reported by Moody’s.
YLDt = current annual average Aaa corporate bond yield reported by Moody’s.77

Ii,t 1 = lagged book value of total bonds in assets.
2. UNRLSG = the difference between the market value and book value of insurers’ stock
investments = change in net unrealized capital gains (losses) from Capital and Surplus
Account.
E.3.3. CAPCNTR Equation
1. ROA = return on assets, i.e., the ratio of net income after policyholder dividends before
federal and foreign income taxes to total admitted assets.
2. CAPCNTRi,t 1 = lagged capital contributions.
3. LNZScorei,t 1 = lagged LNZScore.

LNZScore is the natural logarithm of the z-score, which represents an insurer’s
financial stability and is estimated as follows:

ZScorei ,t   ROAi ,t  CRi ,t  /   ROA  ,
where

ROAi ,t = return on assets, i.e., the ratio of net income after policyholder dividends
but before federal and foreign income taxes to total admitted assets,

CRi ,t = capital asset ratio, i.e., the ratio of surplus to total admitted assets,
  ROA = the standard deviation of return on assets over a prior 3-year rolling
period. For example, the standard deviation of ROA for 2013 is calculated using the
ROA over the 3-year observations between 2011 and 2013.

77

The data is from the website https://fred.stlouisfed.org/series/AAA.
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APPENDIX F
CALCULATING LOSS RESERVE ERRORS (RES AND RESM)
The single-year loss reserve error, RES, is defined based on incurred losses for only
accident year t (e.g., Weiss, 1985). The multiple-year loss reserve error, RESM, is defined
based on total incurred losses for all accident years through year t (e.g., Grace and Leverty,
2010, 2012).
RESt = (Lt,t+5 – Lt,t ) / At = incurred losses for accident year t estimated in calendar
year t+5 – incurred losses for accident year t estimated in calendar year t, scaled by
total admitted assets in calendar year t.
RESMt = (L≤t,t+5 – L≤t,t ) / At = incurred losses for all accident years through t
estimated in calendar year t+5 – incurred losses for all accident years through t
estimated in calendar year t, scaled by total admitted assets in calendar year t.
Schedule P – Part 2 – Summary in the NAIC Annual Statement is used to calculate
loss reserve errors. Table B.1 is an example of this schedule excerpted from the 2015
Annual Statement of Allstate Insurance Company. Schedule P – Part 2 reports the
development of incurred losses over a ten-year period. In particular, it shows incurred
losses by the year in which the losses were incurred, the accident year (rows 1 through 11),
and the evaluation date, the calendar year (columns 1 through 10). For example, in calendar
year 2010, Allstate estimated that $15,178.721 million of losses incurred in accident year
2010 (row 6, column 5, in bold and italics). In calendar year 2015, this estimate of incurred
losses for accident year 2010 was revised downward to $14,628.769 million (row 6,
column 10, in bold and italics). That is, for Allstate, L2010,2010 = $15,178.721 million, and
L2010,2015 = $14,628.769 million. Given that Allstate’s total admitted assets in year 2010 is
$40,786.140 million, RES for Allstate in year 2010 is -0.0135 (i.e., (14,628.76915,178.721)/40,786.140).
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The total incurred losses estimated for a given calendar year is the sum of the
incurred losses in the column of that year. For example, by the end of calendar year 2010,
the estimated incurred losses for all accident years through 2010 were $81,201.940 million
(the sum of the six italicized values in column 5 – 2010). By the end of calendar year 2015,
the estimated incurred losses for all accident years through 2010 were revised downward
to $80,847.707 million (the sum of the six italicized values in column 10 – 2015). That is,
for Allstate, L≤2010,2010 = $81,201.940 million, and L≤2010,2015 = $80,847.707 million. Given
that Allstate’s total admitted assets in year 2010 is $40,786.140 million, RESM for Allstate
in year 2010 is -0.0087 (i.e., (80,847.707-81,201.940)/40,786.140).
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