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ABSTRACT

In this article, the authors analyze the derivatives holdings of U.S. insurers
to empirically investigate the general hypotheses developed in the finan-
cial literature to explain why widely held, value-maximizing firms engage
in risk management. The authors also develop a new hypothesis suggest-
ing that although measures of risk and illiquidity will be positively associ-
ated with an insurer's decision to engage in risk management, these same
measures of risk will be negatively related to the volume of hedging for the
set of firms who choose to hedge using derivatives. The authors’ analysis
provides considerable support for general hypotheses about hedging by
value-maximizing firms. The authors also find support for the hypothesis
that, conditional on having risk exposures large enough to warrant partici-
pation, firms with a larger appetite for risk will engage in less hedging than
firms with lower risk tolerance.
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INTRODUCTION

The use of derivatives in corporate risk management has grown rapidly in recent
years, fueled in part by the success of the financial industry in creating a variety of
over-the-counter and exchange-traded products. A 1998 survey of major non-finan-
cial firms revealed that at least 80 percent are using some form of financial engineer-
ing to manage interest-rate, foreign exchange, or commodity price risk (Bodnar, Hayt,
and Marston, 1998). Financial firms, including banks (see, for example, Gunther and
Siems, 1995; and Shanker, 1996), savings and loans (Brewer et al., 1996), and insurers
(Colquitt and Hoyt, 1997; Cummins, Phillips, and Smith, 1997) also are active in de-
rivatives markets. Although the types of risks confronting managers vary across in-
dustries, there is substantial commonality in the underlying rationale for the use of
derivatives and the financial engineering techniques that are employed.

At first glance, the widespread use of derivatives seems inconsistent with modern
finance theory, which provides little motivation for hedging by widely held corpora-
tions. According to theory, shares of such corporations are held by diversified inves-
tors who operate in frictionless and complete markets and thus can eliminate non-
systematic risk through their portfolio choices. In this context, risk management at
the firm level is a dead-weight cost that destroys shareholder value. Although valu-
able as a starting point, this frictionless theory has given way in recent years to a
richer set of hypotheses whereby various market imperfections create motivations
for value-maximizing corporate managers to alter the risk/return profile of the firm.*
Among the market imperfections that have been identified are corporate income taxa-
tion, costs of financial distress, various types of agency costs, and information asym-
metries between managers and investors. Financial firms such as insurers and banks
also are motivated to hedge by product market considerations because their custom-
ers are particularly sensitive to insolvency risk (Merton and Perold, 1993). Non-value-
maximizing motives resulting from uncontrolled agency problems and managerial
risk aversion also may play a role in motivating risk management (MacMinn and Han, 1990).

This article provides new evidence on the use of derivatives for corporate risk man-
agement by examining factors that influence the use of financial derivatives in the
U.S. insurance industry. The authors investigate rationales that might explain both
the decision to use derivatives as well as the volume of these transactions. The prin-
cipal objective is to empirically investigate the general motivations for corporate risk
management as well as several more specific hypotheses relating to the insurance
industry. The insurance industry provides a particularly revealing setting in which to
analyze risk management because insurers are required to disclose considerably more
information about their derivatives transactions than are firms in other industries.

Prior research suggests that the factors motivating corporations in general to manage
risk are also important in the insurance industry (Santomero and Babbel, 1997;
Cummins and Santomero, 1999). As financial intermediaries, life insurers are subject
to significant interest-rate risk. They are also subject to liquidity risk due to their
heavy investment in illiquid privately placed securities and real estate investments
(including mortgages) as well as the embedded options in many insurance policies

! For more extensive discussions of the rationale for corporate risk management, see Smith
and Stulz (1985); MacMinn (1987a); Froot, Scharfstein, and Stein (1993); Stulz (1996); and
Tufano (1996).
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that permit buyers to withdraw funds in response to interest-rate changes and other
economic fluctuations. While property-liability insurers face some of the same risks
as life insurers, they are also subject to volatile cash outflows due to liability lawsuits,
property catastrophes, and other contingent events affecting claim costs. Both types
of insurers face the risk of regulatory intervention, triggered by deteriorating finan-
cial condition, and exchange-rate risk due to the increasing globalization of insur-
ance and financial markets.

As noted earlier, managerial risk aversion and incentive issues also may be impor-
tant practical rationales for risk management in the insurance industry. A substantial
proportion of the firms in the industry are mutual companies, the managers of which
may exhibit risk aversion because of the relatively limited mechanisms available for
mutual owners to control managers. It is also possible that the owners of closely held
stock insurers may exhibit a degree of risk aversion to the extent that their portfolios
are suboptimally diversified because of their ownership of the insurer.

In this article, the authors develop a set of hypotheses regarding corporate hedging,
specify variables to represent the hypotheses, and then perform tests on a sample of
life and property-liability insurers. The sample consists of all U.S. insurers reporting
to the National Association of Insurance Commissioners (NAIC). The data on deriva-
tives positions are taken from Schedule DB of the 1994 annual regulatory statements
filed by insurers with state regulators. The authors’ data set is unique in the literature
on corporate hedging because the authors can identify virtually all derivatives trans-
actions taking place during the year as well as open positions at year-end by type of
instrument. Earlier studies either use the results of survey data (e.g., Nance, Smith,
and Smithson, 1993; Dolde, 1995), investigate only a sample of firms (e.g., Graham
and Rogers, 1999), or investigate firms that use derivatives designed to hedge only
one risk exposure such as exchange-rate risk (e.g., Géczy, Minton, and Schrand, 1997;
Allayannis and Ofek, 2001). The authors’ data set allows observation of the entire
portfolio of derivative securities, presumably the relevant choice variable for optimi-
zation purposes.

The authors extend the extant literature on corporate hedging behavior in three ma-
jor ways. First the authors investigate both the decision to conduct derivatives trans-
actions (the' participation decision) and the volume of transactions undertaken by
firms who enter derivatives markets (the volume decision). A number of studies have
investigated either decision separately, but, to the authors’ knowledge, no other study
has formulated a specific hypothesis regarding the interrelationship between the par-
ticipation and volume decisions.? Moreover, the authors’ estimation technique, based
on Cragg’s (1971) extension of the Tobit methodology, permits the sign of the rela-
tionship between the explanatory variables and the decision to use derivatives to
differ from that linking these variables to the volume of derivatives transactions.
This is particularly important since the authors argue later that, if participation is

2 For example, Nance, Smith, and Smithson (1993); Mian (1996); and Géczy, Minton, and
Schrand (1997) investigate only the participation decision. Colquitt and Hoyt (1997), Graham
and Rogers (1999), and Allayannis and Ofek (2001), among others, investigate both the
participation and volume decisions. However, none of the authors discusses why they
expect differences between the two decisions, and little guidance is provided for the
differences they document.
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driven mainly by fixed costs while, once in the market, volume decisions are mainly
determined by marginal cost (in the form of risk premiums) considerations, the signs
of the relationships in these two regressions may be different for some variables.

The authors’ second important addition to the literature is to specify and test eco-
nomic hypotheses regarding the factors driving the participation and volume deci-
sions by insurers. There have been two prior papers on derivatives activity in the
insurance industry. Cummins, Phillips, and Smith (1997) present extensive descrip-
tive statistics on the use of derivatives by U.S. life and property-liability insurers but
do not thoroughly investigate the economic rationales for their use nor develop spe-
cific economic hypotheses regarding derivatives use. Colquitt and Hoyt (1997) ana-
lyze the use of derivatives by life insurers licensed in Georgia. The authors” analysis
extends their work by using data for a more recent year (their data are for 1992),
including property-liability insurers as well as life insurers, investigating the uni-
verse of insurers rather than those licensed in Georgia, and testing a more extensive
set of hypotheses and explanatory variables. Thus, this article should provide a more
complete and deeper understanding of the rationales for insurers to engage in de-
rivative transactions than is currently available in the literature.

The authors’ third major extension is to analyze both within-year derivatives trans-
actions as well as end-of-year positions. Previous studies investigating the extent of
derivatives participation have measured this level using the end-of-period open po-
sitions as reported in either their quarterly or annual filings (e.g., Gunther and Siems,
1995b). The authors’ data set provides information on transactions as they occur dur-
ing the year, so the authors are able to control for some insurers who close out their
positions at year-end, either for regulatory window-dressing or for other reasons,
and using the year-end criterion eliminates such insurers from our sample. This may
be particularly important for financial institutions like banks or insurers, which have
more fluid balance sheets than do non-financial firms.

The authors” analysis provides considerable support for the hypotheses suggesting
why value-maximizing firms would choose to hedge. The authors find evidence that
insurers are motivated to use financial derivatives to reduce the expected costs of
financial distress and to minimize the costs associated with holding additional eq-
uity capital. The authors also find evidence that insurers use derivatives to hedge
asset volatility, liquidity, and exchange-rate risks. There is also some evidence that
tax considerations play a role in motivating derivatives market participation—a re-
sult prior research in this area has had a difficult time identifying. Finally, the authors find
support for their hypothesis that there is a per-unit risk premium associated with hedging
and that, conditional on having risk exposures large enough to warrant participation, firms
with higher risk tolerance will be less willing than average to pay this marginal cost.

The remainder of the paper is organized as follows: The first section formulates hy-
potheses and specifies variables to be used in the empirical tests. The second section
describes the sample and explains the authors’ estimation methodology. The results
are presented in the third section, and the fourth section concludes.

HypotHESIS FORMULATION

This section provides the theoretical framework for the authors” empirical analysis.
The authors begin by discussing their hypothesis about the relationship between the



DerivATivES AND CORPORATE Risk MANAGEMENT. . . 55

derivatives market participation and volume decisions. The authors next develop
hypotheses about the value-maximizing motivations for hedging and specify vari-
ables to test these hypotheses. The maintained assumption in the value-maximiza-
tion discussion is that hedging decisions are made by managers whose decisions are
generally consistent with the owners’ goal of maximizing firm value. The discussion
then turns to the utility-maximizing motivations for hedging and the specification of
variables to test this set of hypotheses. The maintained assumption in this section is
that decisions are made by risk-averse managers, who pursue their own interests
rather than those of the owners. Finally, the authors provide a brief discussion of the
control variables.

The Participation and Volume Decisions

The authors argue below that it is likely to be value-maximizing for insurers to en-
gage in various types of hedging activities. However, the authors assume that hedg-
ing is not costless, either in terms of fixed or variable costs. In particular, the authors
recognize that, absent any fixed costs of setting up derivatives activities and obtain-
ing expertise in their management, almost all insurers would have some non-zero
positions in these additional markets for managing risk. Thus, if the participation
decision is driven by these fixed costs, the authors would argue that only firms with
high enough levels of risk exposure, for example, due to a high tolerance for risk per
unit of expected return, would find it worthwhile to enter the derivatives market.
However, conditional on being active in derivatives, firms/managers with high ap-
petites for risk will generally hedge less at the margin to the extent that each addi-
tional unit imposes marginal costs in the form of risk premiumes. It follows, according
to this hypothesis, that certain measures of risk may have opposite signs in the par-
ticipation vs. volume regressions.* With this general idea in mind, the authors now

® Insurers are expected to have different risk tolerances due to differences in organizational
form, as explained above. However, even within the stock and mutual segments of the
industry, the authors observe firms with varying degrees of risk tolerance, related to
operating strategies and target product markets. For example, insurers that target particularly
risk-averse buyers (such as relatively risk-averse individuals) are expected to adopt low-
risk strategies, whereas insurers whose clients are more risk tolerant (such as corporations)
are likely to adopt higher-risk strategies in order to offer an attractive product price,
contingent on maintaining a reasonable, but not necessarily the highest, financial rating.

* Consider the following partial equilibrium example of this hypothesis. Each firm j has an
initial value of equity equal to V. Denote the date one value of the firmas V, =V, + z,
where z is random and contained on the interval (g, b), where a < 0. Financial distress is
introduced as a simple situation in which the firm receives 0 if Z < 0. Suppose, at a fixed
cost of K> 0, risk-neutral firms that face these costs of financial distress can participate in a
forward market. For V <K, there is no participation, so wealth is trivially positively related
to participation in the market. Let the payoff to a short position bef— Z per contract, where
fis the current forward price. Each firm can choose k. units of these short positions, with
negative values being long positions. Now the maximization problem, given participation,
is given by (dropping the j subscript)

MAX _ _
W | [VoerZ-K+h(f-2) 1dF(z) .
K-hf

T-h
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turn to specific rationales that have been provided for why corporations may choose
to manage risk.

Value-Maximizing Motivations for Hedging

There are two primary reasons why hedging can be value-maximizing for insurers.
The first reason, which applies to firms in general, is the existence of market imper-
fections, including the direct and indirect costs of financial distress, the
underinvestment problem, and the corporate income tax. These factors are discussed
in more detail below. The second reason that hedging can add value, which applies
primarily to financial firms such as insurers and banks, is that the principal debt
holders of financial firms are also their customers, and these customers are unusually
sensitive to insolvency risk (Merton and Perold, 1993). Customers of insurers, for
example, purchase insurance to protect against adverse financial contingencies and
hence are more sensitive to insolvency risk than diversified bond holders who pur-
chase corporate debt as an investment. Both theoretical and empirical evidence exists
that there is a penalty for insolvency risk in the insurance market (Cummins and
Danzon, 1997; Phillips, Cummins, and Allen, 1998). Thus, insurers can maximize value
by maintaining low insolvency probabilities through hedging and other risk man-
agement activities. Note that this rationale for hedging does not reflect a market im-
perfection: the demand for safe insurance arises from rational utility maximization
by individuals (e.g., Doherty and Schlesinger, 1990) and value maximization by cor-
porate buyers (e.g., Mayers and Smith, 1982; MacMinn, 1987b).

Financial Distress. One important theory of corporate risk management is that
firms engage in hedging activities to avoid the costs of financial distress. In addition
to the direct costs resulting from bankruptcy, e.g., legal fees and court costs, share-
holders also face costs arising before bankruptcy. For example, reputational loss may
affect the firm’s ability to retain relationships with key employees or suppliers. Fi-
nancial distress costs also can arise if cash flows are adversely affected by contingen-
cies that, left unhedged, may force managers to forego profitable investment projects
for lack of affordable capital (e.g., Myers and Majluf, 1984; Garven and MacMinn,
1993; Froot, Scharfstein, and Stein, 1993).°

Assume for simplicity that z is uniformly distributed. Then the first-order condition is given by

& 3 (K-f) 1
&(f—z)dF(z) Vo TR Tra)

1-h

The second-order conditions for a maximum hold for /2 > 0 if K >f. Using the implicit function
theorem, it is straightforward to verify that dh/dV, < 0, so that firms with higher initial
endowments take smaller short positions. The intuition is that a higher current endowment
today implies a higher expected future value should the firm remain in business, and
therefore there is less need for holding short positions in the forward contract. One final
note, although the authors have motivated this example by considering the case in which
the firm faces financial distress costs, is that it is possible to generate similar predictions for
the other frictions that motivate firms to engage in costly risk management strategies
discussed in the article.
> See Andrade and Kaplan (1998) for one attempt to measure the costs of financial distress.
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The hypothesis that firms engage in risk management to avoid nontradable costs
associated with financial distress seems particularly applicable in the insurance in-
dustry. Insurers are stringently regulated and tend to incur escalating regulatory costs
when they encounter financial difficulties. Insurers are also subject to risk-based capital
regulations, which require regulators to take specified actions if the ratio of the insurer's
actual capital to its risk-based capital falls below a sequence of thresholds, ultimately
resulting in the seizure of the company.® Although risk-based capital constraints are
not binding on most insurers, the risk-based capital rules create a regulatory put op-
tion, which reduces the market value of the firm even when the option is out-of-the-
money.

To elucidate the role of the regulatory put option, the authors consider the option
model of the firm, which expresses the value of equity as a call option on the firm’s
assets with striking price equal to the value of liabilities. The put-call parity relation-
ship states the value of the call can be written equivalently as
C(A,Lt,0,r)=A-Le™ +P(A,L,t,0,r), where A = assets, L = liabilities, ¢ = the
firm’s risk parameter, 7 = time until the next audit date, r = the risk-free rate of
interest, C(A,L,7,0,r) = the value of the firm expressed as a call option, and
P(A,L,7,0,r) = the value of a put option on the firm’s assets with striking price
equal to its liabilities [see Cummins and Danzon (1997) for more details]. The intro-
duction of risk-based capital changes the value of the firm by subtracting the regula-
tory put option P* (A, },7,0, r) from the firm’s value of equity, where L* =L + R and
R = risk-based capital. Because L* > L and 9*P(A,L,7,0,r)/9dLdc >0, the rate of
change of the regulatory put option with respect to risk is larger than the rate of
change in the put option P(A,L,7,0,r), and consequently the introduction of risk-
based capital gives the value-maximizing firm an incentive to reduce risk.

Of course, this model assumes that the risk-based capital formula accurately mea-
sures P (A,L,7,0,7),bothinitially and on an ongoing basis as the firm’s risk charac-
teristics change.”If 9°P® /9Ldo < 9*P /dLdo because of errors in the formula or other
factors, the firm retains an incentive to take additional risk, although the incentive is
lower in the presence of risk-based capital as long as 9P* /9o > 0.8

The authors specify several variables to capture the effects of potential distress costs
on the participation and volume decisions of insurers. The first set of variables per-
tains directly to the risk-based capital (RBC) system. The first RBC variable is a dummy
variable equal to one if the highest risk-based capital regulatory action threshold is
binding, i.e., if a firm’s capital is less than 200 percent of its risk-based capital, and

¢ Risk-based capital charges are calculated by applying percentage factors to balance sheet
and income statement variables reflecting the principal investment and underwriting risks
faced by insurers. An insurer’s risk-based capital is calculated using a formula that is a
function of the charges. For a more detailed description, see Cummins, Harrington, and
Niehaus (1994).

7 Cummins, Grace, and Phillips (1999) provide empirical evidence that the property-liability
risk-based capital formula is not very accurate in predicting insurer insolvencies.

8 The option model is also a perfect markets financial model in that it does not incorporate
most of the bankruptcy costs that motivate firms to hedge. Nevertheless, it is useful in
elucidating the potential effect of risk-based capital.
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equal to zero otherwise. A continuous version of this variable equal to the insurer’s
actual risk-based capital ratio (the ratio of actual equity capital to risk-based capital)
is also tested. The expected signs of the risk-based capital variables are ambiguous
and depend, among other things, on the accuracy and responsiveness of the risk-
based capital formula in measuring insurer risk. As shown above, if the risk-based
capital formula perfectly measures the firm’s risk, risk-based capital provides an in-
centive for insurers to reduce risk, predicting a positive sign on the risk-based capital
dummy variable and a negative sign on the risk-based capital ratio. However, if the
formula is not very accurate in capturing firm risk, then the firm may retain an incen-
tive for risk-taking behavior, and the signs on these variables could be insignificant
or opposite to the sign predictions of the option model. Opposite signs are also pos-
sible if weak firms refrain from hedging because of the fear that regulatory skepti-
cism about the use of derivatives might generate additional regulatory costs.

Another important financial distress-cost variable is the firm’s equity capital-to-asset
ratio. The rationale is that firms with high capital-to-asset ratios are less likely to
experience financial distress because they hold adequate capital to cushion the firm
against adverse loss or investment shocks. In this sense, equity capital serves as a
substitute for hedging as a way to avoid financial distress costs. The authors expect
an inverse relationship between the capital-to-asset ratio and the decision to engage
in derivatives transactions (MacMinn 1987a).° However, as noted earlier, conditional
on having a risk exposure high enough to make derivatives activities worthwhile,
firms with a bigger appetite for leverage may find it less appealing to pay the mar-
ginal cost of hedging additional units, resulting in a lower-than-average level of de-
rivatives activity for these firms. This rationale predicts a direct relationship between
the capital-to-asset ratio and the volume of derivatives transactions, whereas an in-
verse relationship would be consistent with insurers viewing capital and derivatives
as substitutes with regard to volume as well as participation.

A third type of financial distress variable that the authors consider are the ratios of
the insurer’s preferred capital stock and surplus notes to total assets. Both preferred
stock and surplus notes are subordinated to the insurer's insurance debt and its con-
ventional debt.”’ The rationale for testing preferred stock and surplus notes is that the
use of such subordinated claims is a substitute for hedging (Carter and Sinkey, 1998;

? In the option model of the firm, there is an inverse relationship between the capital-to-asset
ratio and the firm’s equity value. The argument the authors are making here reflects the
implicit assumption that financial distress costs not incorporated in the pure option model
motivate firms to hedge.

10 Surplus notes are contingent debt instruments issued by insurers that, as mentioned, are
subordinated to policyholder liabilities and to the firm’s conventional debt. The principal
contingency feature in surplus note contracts specifies that interest and/or principal
payments are not required unless the insurer’s equity capital exceeds a specified threshold.
Surplus notes are used as a source of financing for insurers and to satisfy regulatory risk-
based capital requirements (Dumm and Hoyt, 1999). While surplus notes are treated as
debt securities for income tax purposes and typically pay a fixed rate of interest, they also
display equity-like characteristics because of the contingent triggering feature. Surplus notes
are treated as nonadmitted liabilities under statutory accounting principles. As such, the
statutory surplus of the issuing insurer is increased by the dollar volume of the surplus
note issued. For further discussion, see Dumm and Hoyt (1999).
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Dolde, 1995). The predicted signs on these variables are negative based on economic
logic similar to that used in the discussion of the capital/asset ratio.

The final financial distress variable is designed to test for a relationship between
hedging and insurance distribution systems. The authors specify a dummy variable
equal to one if the insurer distributes its products through insurance brokers or inde-
pendent agents and equal to zero if it uses an exclusive agency or a direct distribu-
tion network. Brokers perform a monitoring function for insurance buyers, screening
insurers on the basis of financial strength, prices, and claim settlement practices. In-
surers that distribute through brokers thus are likely to engage in more active risk
management to signal their financial strength to the brokers and avoid the loss of key
brokerage and customer relationships." Thus, the authors expect the brokerage
dummy variable to be positively related to the use of derivatives.

Interest-Rate Risk and Investment Portfolio Structure. Like other financial inter-
mediaries, insurers issue a variety of debt claims and invest the proceeds in financial
assets. Both life and property-liability insurers invest heavily in intermediate and
long-term bonds and tend to have positive equity duration gaps, with the duration of
assets exceeding the duration of liabilities (Staking and Babbel, 1995). There is also
evidence that insurers seek to hedge the resulting duration and convexity risk
(Santomero and Babbel, 1997; Cummins and Santomero, 1999). To capture the effects
of interest-rate risk management, the authors specify a proxy variable for duration
gap equal to the difference between the weighted average maturity of insurer assets
and liabilities.”” The authors expect a positive relationship between their proxy for
the duration gap and the decision to use derivatives.

Recognizing that the authors’ proxy for duration is necessarily imperfect, the authors
also include several variables in the regressions to capture additional aspects of the
interest-rate sensitivity of insurer equity. Primarily, these variables relate to various
categories of insurer liabilities that are interest-rate sensitive either because of their
maturity characteristics or because they contain embedded options and other fea-
tures that may be triggered by changes in interest rates. For life insurers, interest-rate
sensitive liabilities include group annuities and individual life insurance and annu-
ities. Group.annuities are held by sophisticated institutional investors such as corpo-

I Similarly, Breedon and Viswanathan (1996) and DeMarzo and Duffie (1995) argue that
derivatives usage can provide a signal to investors of managerial skill levels when there are
significant informational asymmetries between managers and investors. Such signals are
likely to be more important for insurers distributing their products through brokers or
independent agents because tied agents can be expected to have more direct information
on the companies they represent.

12 Maturity is used here as a proxy for duration because the regulatory statements do not
provide enough information to calculate duration. Asset maturity is calculated on the basis
of information taken from Schedule D of the annual regulatory statement. Liability maturity
for property-liability insurers is calculated based on information in Schedule P of the
statement. For life/health insurers, the authors used average liability maturity measures
suggested to them through informal discussions with experts in the field, because detailed
information on the cash-flow patterns of major life insurance liability classes are not available
in the regulatory statements. Additional details on the maturity calculations are available
from the authors.
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rate pension plans, which are generally highly sensitive to both yields and insurer
financial ratings. Individual life insurance and annuities are relatively long maturity
contracts that contain numerous embedded options. Property-liability insurers also
issue relatively long-maturity liabilities in the commercial casualty lines.

To capture the effects of liability-related interest-rate risk on the use of derivatives,
the authors separately include the proportions of total reserves represented by indi-
vidual life insurance and annuities and by group annuities in the life insurer analysis.
These variables are expected to be positively related to the decision to use derivatives.

For property-liability insurers, the long-tail commercial lines of business (commer-
cial liability and workers compensation) have longer maturities than other lines of
property-liability insurance and are also generally regarded as having higher under-
writing risk than most other coverages. To measure the effects of exposure to com-
mercial long-tail risk, the authors include the proportion of reserves in commercial
liability (except products liability) and workers compensation insurance and sepa-
rately include the proportion of reserves in products liability insurance. Products
liability insurance is included separately to account for any differences in the risk
characteristics of this line versus other commercial long-tail coverages.”® The com-
mercial liability/workers compensation variable and the products liability variable
are expected to be positively related to the use of derivatives if the risk of these lines
of business motivates insurers to hedge. However, because these lines have relatively
long payout-tails, they provide a natural hedge against the duration risk of long-
term assets held by insurers and thus may reduce somewhat the need to manage
interest-rate risk through derivatives transactions.™

Life insurers issue another type of debt instrument, guaranteed investment contracts
(GICs), similar to structured notes, that are purchased primarily by institutional in-
vestors. GICs are yield sensitive and contain embedded options that are likely to be
exercised in response to changes in interest rates and other economic fluctuations
(Miltersen and Persson, 1999). Accordingly, the authors expect an insurer’s GIC ex-
posure to be positively related to the use of derivatives, and the authors test this
hypothesis using the ratio of GIC reserves to total reserves.

Although both life and property-liability insurers invest the majority of their funds
in high-grade, publicly traded bonds, they also invest in assets with higher default
risk, higher return volatilities, and/or lower liquidity. For example, investments in
real estate may expose insurers to more price and liquidity risk than they would like
to retain. Some life insurers also invest heavily in privately placed bonds, which are

3 Products liability has historically (e.g., during the mid-1980s) been a source of abnormal
underwriting losses for property-liability insurers. To test the relative riskiness of products
liability and other long-tail lines, the authors obtained quarterly data on commercial lines
loss ratios on a confidential basis from two top-ten commercial lines insurers for the period
of 1987 through 1996. Calculating the volatility of these time series reveals that products
liability is much more volatile than the other long-tail commercial lines.

" Interest-rate risk is created when the durations of assets and liabilities are mismatched. As
mentioned, insurers tend to have high asset durations that exceed their liability durations.
Insurers with high proportions of long-tail insurance contracts in their liability structure
tend to have relatively high liability durations and hence face less interest-rate risk, ceteris
paribus, than do insurers writing short-tail lines.
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subject to liquidity risk and often contain embedded options. Both life and property-
liability insurers invest in collateralized mortgage obligations (CMOs), which carry
similar risks.

The authors argue that it is value maximizing for insurers to manage the default,
liquidity, and volatility risk arising from investments in these types of risky assets.
Such risks can cause shocks to capital that might cause insurers to forego positive net
present value projects to the extent that raising external capital following a capital
shock is prohibitively expensive (Froot, Scharfstein, and Stein, 1993; Garven and
MacMinn, 1993). To test for this effect, the authors include in their analysis the pro-
portion of insurer assets invested in relatively risky (in terms of default, price, and/
or liquidity) classes of assets. Specifically, the authors include separate variables that
measure the proportion of assets invested in stocks, real estate, privately placed bonds,
and both private and publicly traded CMOs.” The authors expect these variables to
be positively related to the use of derivatives.

With the increasing globalization of financial markets, insurers are selling more in-
surance products in foreign markets and investing in foreign securities, either to hedge
the risk of foreign liabilities or simply to enhance portfolio diversification and take
advantage of attractive yields. Foreign operations expose insurers to exchange-rate
risk as well as the underwriting and investment risks familiar from their domestic
operations. Financial theory suggests that the optimal approach to risk management
is to hedge risks where the firm does not have a comparative advantage, i.e., risks for
which it will not be compensated, and to retain more of the types of risk in which the
firm has a comparative advantage, and thus can earn economic rents (Stulz 1996;
Schrand and Unal, 1998). Insurers are sophisticated underwriters and portfolio man-
agers but traditionally have not had a comparative advantage in managing exchange-
rate risk. Hence, value-maximization would call for most insurers to focus their risk
retentions in underwriting and investments and to hedge most of their foreign ex-
change-rate risk.

The authors specify several variables to test the hypothesis that insurers use deriva-
tives to manage exchange-rate risk. The variables tested to measure the level of expo-
sure are the proportions of assets in non-U.S. and non-Canadian stocks and bonds.
Other proxies for foreign risk exposure include a dummy variable, set equal to one if
the insurer has foreign liabilities and equal to zero otherwise, and an interaction vari-
able equal to the product of the foreign liabilities dummy variable and the ratio of
foreign bonds and stocks to total assets. A dummy variable set equal to one if the
insurer has any foreign assets and zero otherwise is also tested along with the inter-
action between this dummy variable and the dummy variable for exposure to for-
eign liabilities. The authors expect a positive relationship between the foreign expo-
sure variables and the decision to use derivatives. This expectation is again based on
the rationale that it is value-maximizing to avoid shocks to capital as well as the
argument that firms should hedge risks in which they have little comparative advan-
tage. An inverse relationship is expected between both asset/liability interaction vari-

15 For property-liability insurers, the authors include only one CMO variable, the proportion
of assets in total CMOs, because these insurers have almost no privately placed CMOs.

16 The authors also tested the proportions of assets in Canadian stocks and bonds, but these
variables were not statistically significant.
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ables and the use of derivatives because holding both foreign assets and foreign li-
abilities creates a natural hedge against exchange-rate risk that may substitute for
hedging through foreign exchange derivatives.

The Underinvestment Problem. The classic underinvestment problem was first
identified by Myers (1977). The basic argument is that the presence of debt in the
firm’s capital structure can lead it to forego positive net present value projects if the
gains primarily accrue to the firm’s bond holders. The underinvestment problem is
more likely to occur in firms that are relatively highly leveraged, providing a motiva-
tion for firms to hedge to avoid shocks to equity that result in high leverage ratios.
Mayers and Smith (1987) and Garven and MacMinn (1993) show that hedging can be
used to at least partially resolve the underinvestment problem, enabling firms to
capture the value that would otherwise be lost because of underinvestment. A re-
lated problem, identified by Froot, Scharfstein, and Stein (1993), arises if external
funds are more costly than internal funds, due to, say, information asymmetries be-
tween insiders and outsiders. Firms may hedge to reduce the variability of their in-
come stream and thus help to ensure that adequate internal funds are available to
take advantage of attractive projects.

Researchers often use growth rates to proxy for the presence of investment opportu-
nities that might motivate a firm to hedge. However, the growth rate variables the
authors tested (growth in premiums and assets) were not statistically significant. For
life insurers, the authors can specify a unique variable to serve as a proxy for growth
opportunities (or, rather, the lack thereof)—the proportion of new premium volume
that arises from the reinvestment of policyholder dividends and coupons from exist-
ing policies. The argument is that firms that have a relatively high proportion of rev-
enues from existing policies rather than new policy sales are lacking in growth op-
portunities. The authors expect this variable to be inversely related to the use of
derivatives. No comparable variable is available for property-liability insurers.

Taxes. The corporate income tax provides two primary motivations for firms to
manage risk. First, firms may hedge to protect income tax credits and tax loss carry-
forwards, which may be lost or deferred if the firm’s income falls below the amount
of the tax shelter (MacMinn 1987a)."” This tax-induced explanation for hedging has
less to do with income volatility than with having enough taxable income to take
advantage of existing tax shelters. Second, because of the convexity of the schedule
of corporate income tax rates, firms can reduce the expected value of their income tax
payments by engaging in hedging that reduces income volatility (Smith and Stulz,
1985). The tax schedules affecting both life and property-liability insurers have con-
vex segments,'® and property-liability insurers, in particular, engage in especially active
tax management (Cummins and Grace, 1994).

Because the amount of information insurers disclose to regulators on federal income
taxation is very limited, the authors are not able to test variables commonly used in

17 Garven and Louberge (1996) reinforce this rationale for hedging by showing that reinsurance
enables insurers to reallocate tax shields to those insurers that have the greatest capacity for
using them.

18 Tt is also noteworthy that a flat income-tax schedule combined with limited liability would
also create tax convexity that would motivate firms to hedge.
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the existing literature such as the amount of unused tax loss carry-forwards (e.g.,
Nance, Smith, and Smithson, 1993). However, the authors can specify dummy vari-
ables to proxy for insurers’ tax positions. The authors specify a dummy variable equal
to one if the insurer paid no federal income tax in 1994 and zero otherwise; and simi-
lar variables are specified for 1992 and 1993. The expected signs of these variables are
ambiguous. On the one hand, not paying taxes may indicate the presence of tax loss
carry-forwards that the insurer risks losing if it does not generate positive taxable
income. This rationale would predict positive signs for the “no tax” dummy vari-
ables. On the other hand, if the insurer has been paying little or no taxes, it may
indicate that it does not expect to pay taxes in the future and hence does not have a
tax motivation for hedging.

A second variable designed to capture the effects of tax-induced hedging is a dummy
variable equal to one if the following two conditions are met, and equal to zero other-
wise: (1) federal taxes incurred is positive while taxable net income is non-positive
and (2) the ratio of federal income taxes incurred to pre-tax income is less than 25
percent. This variable is an indicator for insurers that are in the alternative minimum
tax (AMT) range of the tax schedule, i.e., between the AMT tax rate (20 percent) and
the regular corporate tax rate (35 percent).”” This is the range of the tax schedule
deemed to reflect maximum convexity, and insurers in this range should be most
likely to utilize derivatives to reduce income volatility. This “AMT” dummy variable
is thus expected to have a positive relationship with the use of derivatives.

Utility-Maximizing Motivations for Hedging

Managers of insurers are assumed to be risk-averse utility maximizers. To the extent
that their interests are aligned with those of owners, because of incentive compensa-
tion schemes and other disciplinary mechanisms, the authors expect the managers to
pursue the owners’ goal of maximizing firm value. However, in circumstances in
which owners have relatively weak ability to control managers, managers may pur-
sue an objective of maximizing their own expected utility even though doing so may
be a deadweight cost to firm value. This may be especially likely for insurers that are
organized as mutuals, because the mutual ownership form provides relatively lim-
ited mechanisms for owners to control managers. Thus, mutual managers may tend
to place a high priority on avoiding or hedging risks that threaten their job security
and fail to invest in some positive net present value projects that would increase firm
value but are relatively risky.” This argument also predicts that because mutual man-

1% The 25 percent threshold was chosen somewhat arbitrarily because the authors do not know
which insurers are paying the AMT and which are paying taxes at the regular rate. Because
insurers do not provide information on tax loss carry-forwards, insurers paying the regular
tax rate could have ratios of incurred taxes to income that are less than 35 percent.
Experimentation with a few other reasonable thresholds, such as 20 percent and 15 percent,
indicates that the results are not sensitive to the choice of a threshold in the 15 to 25 percent
range.

% A more traditional argument is that the owner-policyholders of mutuals prefer the objective
of value-maximization but cannot fully align the behavior of managers with this objective
because of the unavailability of stock options and other market-based incentive compensation
plans in the mutual ownership form. This argument also implies that mutuals would engage
in more hedging activities than stock insurers would.
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agers are more concerned about hedging risk, they will be more likely to use deriva-
tives than managers of comparable stock insurers.

The managerial discretion hypothesis, however, carries the opposite prediction, i.e.,
that managers of mutuals will be less likely than managers of stock insurers to en-
gage in derivatives transactions. Recall that this hypothesis predicts that managers of
stock corporations will engage in more complex activities because the mechanisms
available to the owners of stock insurers for controlling managers are more effective
than those available to mutuals (Mayers and Smith, 1988).2 This argument implies
that mutuals will be constrained to less complex methods for managing the firm'’s
risk exposure and thus will be less likely to utilize financial derivatives to the extent
that derivatives trading is viewed as a complex activity.? The net effect of the mana-
gerial risk aversion and managerial discretion hypotheses on the tendency of mutuals
to use derivatives is therefore ambiguous. To test for the potential effect of the mu-
tual ownership form on hedging behavior, the authors specify a dummy variable
equal to one for mutual insurers and equal to zero otherwise. As discussed, the ex-
pected sign of this variable is ambiguous.

The authors also consider the possibility that publicly traded and privately held stock
companies may behave differently with regard to risk management. The owners of
closely held firms are likely to have a high degree of control over managerial behav-
ior and, hence, should be able to align the managers’ interests with their own. Gener-
ally, the authors expect the owners of such firms to prefer value-maximization. How-
ever, it is also possible that they may exhibit a degree of risk aversion, to the extent
that the wealth of the shareholders is suboptimally diversified because of their hold-
ings in the insurer. To test for differences between publicly traded and closely held
stock firms, the authors specify a dummy variable equal to one if the firm is a pub-
licly traded stock insurer and zero otherwise. If closely held firms tend to be risk
averse, the coefficient of the publicly held insurer dummy variable is predicted to be
positive. However, if closely held stocks primarily pursue value-maximization, this
variable will be statistically insignificant.

The ratio of surplus notes to total assets may also provide a proxy for managerial risk
aversion. The presence of surplus notes in an insurer’s capital structure may indicate
that its managers are relatively more risk averse than the managers of firms that have
not taken advantage of this source of financing. This reasoning predicts a positive
relationship between surplus notes and the use of derivatives. However, if surplus
notes and derivatives are substitute hedging devices, a negative coefficient is predicted.

2 Empirical evidence supporting the managerial discretion hypothesis is presented in
numerous articles, for example, Mayers and Smith (1988); Lamm-Tennant and Starks (1993);
and Cummins, Weiss, and Zi (1999).

22 The rationale is that the costs associated with structuring, monitoring, and bonding a set of
contracts that align the incentives of managers and owners is higher for complex activities
conducted in a mutual organization than in a stock corporation. Thus, the risk management
techniques employed by stock versus mutual insurers should differ to the extent the use of
financial derivatives is more complex than other more traditional methods available for
firms to manage financial risk.
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Other Variables

The authors expect firm size to be positively correlated with derivatives activity if
there are significant fixed costs in setting up a derivatives operation (e.g., in terms of
personnel and computer investments) that give rise to economies of scale in deriva-
tives trading (Booth, Smith, and Stolz, 1984; Hoyt, 1989; Stulz, 1996). However, these
scale economies, if they exist, may be offset by the fact that larger insurers may be
more diversified and therefore in less need of derivatives contracts as additional risk
management tools. Based on the previous literature on corporate hedging by both
insurers (Hoyt, 1989; Colquitt and Hoyt, 1997; Cummins, Phillips, and Smith, 1997)
and other types of firms (Mian, 1996) the authors’ overall expectation is that informa-
tion and transactions cost economies of scale will dominate any built-in diversifica-
tion benefits, resulting in greater usage of derivatives by larger insurers. The variable
used to test for the size effect is the natural logarithm of total assets.

Another scale-related variable included in the authors’ analysis is a dummy variable
set equal to one if the insurer is a member of a group of insurers where at least one
other member of the group is active in derivatives trading and to zero otherwise. If
one member of the group is involved in derivatives trading, then the cost of other
group members taking advantage of these risk/return opportunities is declining to
the extent that each member of the group rationally does not duplicate these fixed
costs. The authors expect this dummy variable to be positively related to the decision
to use derivatives. However, controlling for other factors, this variable is expected to
be inversely related to the volume of derivatives transactions, because having affili-
ated insurers trading derivatives reduces the volume needs for other members of the
group.

A dummy variable is also included for unaffiliated single companies.?? Unaffiliated
insurers may be more likely to engage in risk management through derivatives trad-
ing than insurers that are members of groups because unaffiliated companies cannot
insulate their overall equity capital from specific risks by placing these risks in sub-
sidiaries. In an insurance group, the creditors of an insolvent subsidiary cannot reach
the assets of other members of the group unless they are successful in “piercing the
corporate veil,” which usually requires a finding of fraud or similar wrongdoing.
Unaffiliated companies cannot protect their overall capital in this way and hence
may have more of a motivation to use derivatives than do members of groups. How-
ever, the ability of groups to isolate specific risks in subsidiaries also implies that
insurance buyers are exposed to more insolvency risk when buying from an insur-
ance group than when buying from an unaffiliated company, other things being equal.
Thus, unaffiliated insurers also might be expected to exhibit higher risk tolerance
under the authors’ marginal cost hypothesis because they have lower insolvency risk
and hence are less exposed to financial distress costs.

Although derivatives are a relatively recent risk management tool for most insurers,
insurers have for a long time used reinsurance to hedge underwriting risk. More
recently, insurers have used financial reinsurance to hedge their exposure to, for ex-

% Thus, the excluded category not represented by the group affiliate dummy and unaffiliated
single company dummy variable consists of members of groups where at most one group
member is active in derivatives.
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ample, interest-rate and market risk (Tiller and Tiller, 1995). To the extent that under-
writing risk and financial risk are correlated, reinsurance designed to reduce under-
writing risk could serve as a substitute for derivatives trading. However, reinsurance
and financial derivatives might be complements if insurers that hedge underwriting
risk are also more likely to hedge financial risk. The authors account for the use of
reinsurance by including in their regressions the ratio of ceded reinsurance premi-
ums written to direct premiums written plus reinsurance assumed.

Hedging Versus Speculation

Although the authors’ hypotheses deal almost exclusively with motivations for hedg-
ing, it is difficult to completely rule out the possibility that some insurers are using
derivatives purely for speculative purposes because of rogue traders or to a deliber-
ate corporate policy to take more risk. The authors do not consider the possible exist-
ence of speculation to be a serious problem, for several reasons: First, survey research
provides considerable evidence that many insurers report they are focusing on the
use of derivatives as a risk-management tool (Hoyt, 1989; Lehman Brothers, 1994;
Santomero and Babbel, 1997).

Second, as discussed above, financial theory suggests that the optimal approach to
risk management is to hedge risks in which the firm does not have a comparative
advantage and to concentrate on types of risks in which the firm does have a com-
parative advantage. Thus, to the extent that the majority of insurers do not have a
comparative advantage in predicting returns on stocks, foreign exchange, or other
assets, it would not be optimal for such firms to speculate in these markets using
derivatives. Thus, the authors find it unlikely that speculative behavior is driving
their results, even if a few insurers are actively speculating.

Third, with pure speculation, some of the sign patterns that the authors observe be-
tween the participation and volume regressions (see below) would not be anticipated.
For example, for life insurers the privately placed bond variable has a positive coef-
ficient in the participation (probit) equation and a negative coefficient in the volume
of transactions equation. The authors argue that having more private placements
motivates insurers to enter the derivatives market for hedging purposes, but, condi-
tional on entering the market, firms with more tolerance for risk are likely to hedge
less, explaining the negative sign in the volume regression. This sign would be diffi-
cult to explain under the hypothesis that insurers are using derivatives for pure specu-
lation.* Likewise, tax hedging is difficult to explain under a speculation hypothesis.
Finally, the authors would not expect to observe consistency of their regression re-
sults with a wide range of hedging-related hypotheses and variables if insurer deriva-
tives activity were driven mainly by speculation. Insurers could speculate on stocks
or foreign exchange through derivatives without holding any stocks or foreign as-
sets. Thus, the authors believe that the weight of evidence presented is consistent

# Another possible explanation for the negative coefficient on the private placements variable
is that having more private placements implies more diversification and hence less need to
hedge. However, it is liquidity risk that differentiates private placements from other
corporate bonds, and this type of liquidity risk does not decline significantly if the number
of bonds is increased. Thus, the authors believe that their marginal costs interpretation
provides a better explanation for this inverse relationship.
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with insurers primarily using derivatives for hedging purposes. This does not mean
that no speculative activity exists, only that the preponderance of derivatives trans-
actions appear to involve hedging rather than speculation.”

DATA AND METHODOLOGY

The next stage of the analysis is to test the authors” hypotheses by estimating regres-
sion equations to explain the decision by insurers to participate in derivatives mar-
kets as well as the volume of derivatives transactions, conditional on the decision to
participate. In this section, the authors first describe their database and then explain
the regression methodology.

The Data

The authors’ data come from Schedule DB of the 1994 regulatory annual statements
filed by insurers with the National Association of Insurance Commissioners (NAIC).
Parts A through D of Schedule DB list individual transactions across four categories
of derivatives: (A) options, caps, and floors owned; (B) options, caps, and floors writ-
ten; (C) collars, swaps, and forwards; and (D) futures. In Part E of schedule DB, insur-
ers report their year-end counter-party exposure for all the contracts contained in
Sections A through D. The explanatory variables used in the authors” analysis also
are taken from the 1994 NAIC regulatory statements.

The authors’ sample initially consisted of all life and property-liability companies
that filed regulatory annual statements with the NAIC for calendar year 1994, a total
of 1,760 life insurers and 2,707 property-liability insurers. Initial screening resulted in
the elimination of firms with zero or negative assets, premiums, or surplus and firms
that lack adequate group affiliation identifiers. The screening criteria resulted in the
elimination of a large number of very small firms (accounting for only 2.2 percent of
industry assets). The final sample consists of 1,216 life insurers and 1,668 property-
liability insurers.

Many insurers are members of groups that operate under common ownership. Be-’
cause members of groups are likely to share common financial strategies and, in many
cases, common investment departments, the authors considered analyzing firms at
the group level as well as the individual company level. However, Cummins, Phillips,
and Smith (1997) found that the group level analysis provided virtually no informa-
tion concerning the participation decision not provided by the company level analy-
sis. In fact, some interesting information (for example, the effect of having an affili-
ated insurer active in derivatives markets) would be lost as a result of aggregating
individual companies into groups. Consequently, the authors report only the com-
pany-level analysis in this article.

Methodology

In this article, the authors analyze the factors affecting the decision by insurers to
enter the market for derivatives (the participation decision) as well as the factors

% The authors also observe that insurers can legitimately be using derivatives for purposes of
income enhancement without taking additional risk. For example, covered call strategies
are no more risky than investing in traditional assets such as stocks and bonds.
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affecting the volume of transactions undertaken (the volume decision). The authors
use two criteria to determine whether an insurer is active in derivatives markets and
to measure the volume of derivatives transactions—derivatives transactions during
the year and derivatives positions at year-end. Using the within-year criterion has
the advantage of enabling the authors to analyze all insurers that are active in deriva-
tives markets rather than only those that report year-end positions. Some insurers
close out their positions at year-end, either for regulatory window-dressing or for
other reasons, and using the year-end criterion eliminates such insurers from this
sample.” The disadvantage of using the within-year definition of activity is that in-
surers that adopt short-term rollover strategies, as opposed to hedging with long-
term contracts, will appear to be more aggressively managing their exposures when,
in reality, the economic benefits of the two strategies are arguably very similar. Con-
ducting the analysis under both criteria thus provides an important check on the
robustness of the results.

The authors use probit analysis to study the participation decision. The dependent
variable is set equal to one if an insurer had derivatives transactions during 1994 (the
within-year definition) or, alternatively, if it reported derivatives holdings at year-
end 1994 (the end-of-year definition) and equal to zero otherwise. The explanatory
variables are those formulated above to test the authors” hypotheses. A positive sign
on an explanatory variable in the probit analysis implies that the variable is associ-
ated with a higher-than-average propensity for insurers to use derivatives and vice
versa if the variable carries a negative sign.

To analyze the volume of derivatives transactions, the authors adopt two approaches.
The first is a Tobit analysis. In Tobit analysis, the dependent variable is equal to zero
if an insurer does not use derivatives and equal to the volume of derivatives transac-
tions divided by the total assets of the insurer if the firm uses derivatives. The au-
thors use notional amounts to measure the volume of derivative transactions.” Tobit
analysis is a standard procedure for dealing with censored dependent variables, where
the variable is continuous for some observations but equal to zero (or some other
constant) for others.

A criticism of Tobit analysis is that it measures the participation decision and the
volume decision simultaneously, i.e., it forces variables to have the same signs with
respect to the decision to participate and the volume of transactions, given that par-
ticipation takes place. To the extent that there are reasons, like those noted earlier,
why some variables in the participation and volume regressions should have oppo-

% In the authors’ sample, there are 118 life insurers that use derivatives under the within-year
criterion but only 107 under the end-of-year. For property-liability insurers, 111 users are
under the within-year criterion and 77 are under the end-of-year criterion.

¥ The authors are aware that notional volume is, at best, an imprecise measure of the economic
value of these activities. However, to the extent the measurement error is uncorrelated with
the explanatory variables, the authors’ estimates will remain unbiased. Virtually all previous
analyses of derivatives transactions volume in both financial and non-financial firms have
also used notational amounts. To help control for measurement error due to insurer size,
the authors use the ratio of an insurer’s notional transactions to its assets as the dependent
variable in their Tobit models and the natural log of this variable as the dependent variable
in the volume analysis (see below).
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site signs, the Tobit model would be mis-specified. Consequently, the authors also
use a generalization of the Tobit model, due to Cragg (1971), that does allow different
parameter values for the participation and volume decisions.

Cragg’s framework is quite general and allows a variety of assumptions concerning
the underlying probability distributions entering into the participation and volume
decisions. Here the authors adopt an approach, used previously by Gunther and Siems
(1995b), that assumes a normal distribution for the participation decision and a log-
normal distribution for the volume decision, conditional on the fact that the firm is
participating in this market. The resulting likelihood function is

L=fy1-d><ﬁ'xi>1“'“>[d><ﬁ'x,->f<yi v, > )1,
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where (I)(o) is the standard normal distribution function, I, is an indicator variable
equal to one if the insurer uses derivatives and zero otherwise,  and ¥ are param-
eter vectors, y,is the volume of derivatives relative to the insurer's assets for insurer i,
and X, is a vector of independent variables for insurer i. The model is equivalent to
estimating a probit model for the participation decision and a lognormal regression
model for the volume decision. The two parts of the model (parameter vectors) can
be estimated separately. The authors conduct likelihood ratio tests of the null hy-
pothesis that the participation and volume decisions can be modeled using the same
coefficients (as in Tobit) versus the alternative hypothesis that the effect of the inde-
pendent variables on participation differs significantly from their effect on transac-
tions volume. The results of these tests are reported in the next section.

EstiMATION REsuLTs

To facilitate the discussion of results, the hypotheses, variables, and expected signs are
summarized in Table 1. Table 1 also summarizes the empirical findings, with greater
than or less than signs indicating the signs of the variables that are statistically significant.
To keep the table as concise as possible, variables are shown as being significant if they
are significant in either the within-year or year-end regressions. Summary statistics are
presented in Table 2 and coefficient magnitudes and significance levels in Tables 3 and 4.

Descriptive Statistics

Cummins, Phillips, and Smith (1997) report that 10.9 percent of life insurers and 6.9
percent of property-liability insurers use derivatives. However, usage is much more
widespread in the largest size quartile, where 34.4 percent of life and 21.1 percent of
property-liability insurers use derivatives.?

% As an additional robustness check, the authors also estimated their regression models using
only the firms in the largest size quartile. The results are consistent with those reported for
the full sample and lead to the same conclusions.
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Summary statistics for the variables appearing in the authors” models are presented
in Table 2. The average notional amounts of derivatives transactions during the year
and positions still open at the end of the year by life insurers are $2.629 billion and
$661 million, respectively. The average notional amount of transactions for property-
liability insurers both during the year and open at the end of the year is much less,
only about $289 million and $90 million, respectively. Clearly, life insurers are, on
average, bigger players in derivatives markets than their property-liability counterparts.

Table 2 also contains data on the means of the independent variables for derivatives
users and nonusers, by insurer type, as well as t-tests for the significance of the differ-
ences between the means of the variables for users and nonusers. Both life and prop-
erty-liability insurers that use derivatives are significantly larger than their nonuser
counterparts. Life insurers engaged in derivatives activities have significantly higher
proportions of their assets in real estate, publicly traded and privately placed CMOs,
privately placed commercial bonds, and non-U.S./non-Canadian bonds. Life insur-
ance users also have significantly higher proportions of group annuities and GICs on
their balance sheets than do nonusers, and users have larger maturity gaps than non-
users. The direction and significance of these mean differences are consistent with
the authors” hypothesis that life insurers are using derivatives to hedge interest-rate
risk, volatility risk, liquidity risk, and exchange-rate risk.

Life insurers that use derivatives have lower capital-to-asset ratios than nonusers but
are less likely to have risk-based capital ratios less than 200 percent.” Life insurance
users are significantly less likely than nonusers to have incurred a federal tax liability
in 1993 and 1994. Finally, users are more likely to be mutuals, less likely to be unaffili-
ated companies, and much more likely to have another affiliated company that is
active in derivatives. The finding with respect to mutuals is consistent with the hy-
pothesis that managers of mutuals exhibit risk-averse behavior. However, because
mutual life insurers on average are much larger than stock life insurers, this may
reflect an uncontrolled size effect. The finding with respect to unaffiliated companies
is contrary to expectations but may also represent a size effect, because unaffiliated
firms are significantly smaller on average than members of groups.

Property-liability insurers that use derivatives have higher proportions of their as-
sets in stocks, real estate, and non-U.S./non-Canadian stocks and bonds than nonus-
ers. Although not significant, commercial long-tail lines (other than products liabil-
ity) account for a lower proportion of reserves for users than for nonusers, but products
liability accounts for a significantly higher proportion of reserves for users. Like life
insurers, property-liability users have larger maturity gaps and lower capital-to-as-
set ratios than nonusers, and users are more likely than nonusers to have an affiliate
active in derivatives markets. However, there is no significant difference between
mutual and stock property-liability insurers in the use of derivatives. Property-liabil-
ity derivatives users are more likely to be in the AMT range of the tax schedule than
nonusers. Overall, the descriptive statistics provide suggestive evidence in support
of many of the authors’ hypotheses; in particular the hypothesis that firms with above-

# The capital-to-asset ratio is known to be inversely related to size (Titman and Wessels, 1998).
The authors control for this correlation in their probit, Tobit, and Cragg models by including
size variable.
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average risk exposure will find it beneficial to pay the fixed costs of participating in
the derivatives market.

An analysis of life insurer derivatives transactions reveals that both within-year and
year-end transactions volume tends to be concentrated in bond and interest-rate de-
rivatives,” as expected if insurers are using derivatives to hedge the duration and
convexity risk inherent in their balance sheets. The largest category of derivatives for
life insurers is interest-rate swaps, followed by interest-rate caps and floors. Life in-
surers also show significant activity in foreign currency derivatives, consistent with
the finding in Table 2 that life insurers using derivatives have significantly higher
holdings of foreign bonds than do nonusers. However, the volume of foreign cur-
rency transactions is much less than for bond and interest-rate contracts. The leading
category of derivatives for property-liability insurers in terms of year-end positions
consists of foreign currency contracts, followed by bond and interest-rate derivatives.
The largest volume of within-year transactions for property-liability insurers con-
sists of writing equity calls, suggesting that these firms may be engaging in dividend
capture transactions.” Foreign currency transactions rank second in terms of within-
year trading for property-liability insurers.

Tobit Versus Cragg Analysis

The authors first examine the null hypothesis that the relationship between the inde-
pendent variables and the volume decision is not statistically different from the rela-
tionships explaining the participation decision. The dependent variable in the vol-
ume regressions is the natural logarithm of the ratio of the notional value of derivatives
transactions to total assets. The ratio to total assets is used to control for the size
effects and possible heteroskedasticity. The authors estimate both Tobit and Cragg
models for the volume decision and compute a likelihood ratio statistic to test the
null hypothesis that the coefficient vectors in the two models are the same (see Greene,
1997, p. 970). The test results, available from the authors, overwhelmingly reject the
null hypothesis for both types of insurers and for both the within-year and the end-
of-year models. Consequently, the authors conclude that Tobit analysis is not appro-
priate for analyzing the volume decision and report only the Cragg lognormal re-
gression results for the volume decision in the tables.

% The authors also analyzed the bivariate correlation coefficients between the variables used
in the regression models as a screen for possible multicollinearity. Although a number of
the bivariate correlations are statistically significant, most are quite small and only a few
are around 0.5 in absolute value, e.g., the capital-to-asset ratio and the log of assets. The
regression results are very stable and are robust to the elimination of correlated variables,
i.e., the signs and significances of the remaining variables hold up when various variables
are dropped from the regressions.

3 For more extensive summary statistics on the types of derivatives used by insurers, see
Cummins, Phillips, and Smith (1997).

%2 Dividend capture is a covered call strategy that involves the purchase of the security for the
sole purpose of receiving the dividend. By simultaneously writing a call option, the insurer
is protected should the ex-dividend price fall by more than the amount of the dividend.

% The Tobit results generally have nearly the same significant variables (with the same signs)
as the probit equations shown in the tables, indicating that the Tobit estimates are primarily
driven by the participation decision rather than the volume decision.
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The authors also conducted tests for heteroskedasticity in both the probit and lognor-
mal regressions. A likelihood ratio test failed to reject the hypothesis of homoskedasticity
for the error term of the probit models (see Greene, 1997, pp. 889-890). Accordingly,
no adjustment for heteroskedasticity is made in the probit models. However, the
Breusch-Pagan test led to rejection of the hypothesis of homoskedasticity for the log-
normal volume regressions. Consequently, the lognormal standard errors reported
in the regression tables are based on White's heteroskedasticity consistent covariance
estimator.

Multi-Variate Results: Life Insurers

Table 3 shows the probit and lognormal regression models estimated as part of the
Cragg analysis. Two sets of equations are shown—based on within-year transactions
and year-end positions.

The Participation Decision. Most of the significant variables in the probit models
for the probability of participation in derivatives markets are the same for the within-
year and end-of-year regressions. The authors discuss these variables first and then
discuss differences between the within-year and year-end models.

The coefficients on the log of assets are positive and highly significant, supporting
the hypothesis that derivatives activities are subject to scale economies. The positive
and significant coefficients on the dummy variable for having an affiliate active in
derivatives markets also support the scale economies hypothesis and provide evi-
dence that fixed costs play a role in the decision to use derivatives.

Positive and significant coefficients are obtained on the proportions of assets in stocks,
privately placed bonds, privately placed CMOs, and non-U.S. /non-Canadian stocks,
providing support for the hypothesis that insurers engage in derivatives transactions
to manage volatility, liquidity, and exchange-rate risks arising from the asset portfo-
lio. The coefficients on the proportions of liabilities represented by individual life
and annuity contracts and GICs are also positive and significant, consistent with the
argument that insurers use derivatives to manage interest-rate risk arising from the
liability portfolio.3*

3% As arobustness check, the authors also conducted the analysis based on insurer participation
in markets for specific types of derivatives instruments. The authors estimated three
additional probit equations for life insurers—for bond/interest-rate derivatives, equity
derivatives, and foreign exchange derivatives. The dependent variables were set equal to
one if the insurer is a user of a specific type of derivatives and to zero otherwise. These
instrument-specific results indicate that the overall regression results can generally be
interpreted as implying that insurers use specific instruments to hedge risks related to these
instruments. For example, the proportion of assets in stocks is significant in the equity
probit equation but not significant in the interest-rate or foreign exchange probit models.
The privately placed bond variable is significant in the interest-rate derivatives probit
equation but not in the equity derivatives equation. The CMO variable is significant in the
interest-rate probit model but not in the equity or foreign exchange models, and the non-
U.S./non-Canadian stock variable is significant in the foreign exchange probit model but
not in the equity or interest-rate models. The GIC variable is significant in the interest-rate
risk probit model but not in the equity or foreign exchange models.
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The dummy variable set equal to one if the risk-based capital ratio is binding is not
statistically significant in any of the regressions. It has a positive sign in the volume
regressions, consistent with expectations, but has a negative sign in the probit regres-
sions. The risk-based capital ratio was not significant and was not included in the
final version of the regressions shown in Table 3. The insignificance of the RBC vari-
ables may be because the risk-based capital system was newly adopted for life insur-
ers in 1994. It may also reflect the inaccuracy of the risk-based capital formula in
predicting insolvency or the avoidance of derivatives by financially vulnerable firms
to avoid incurring regulatory costs.

The results generally support the hypothesis that hedging is motivated by the corpo-
rate income tax. The dummy variable for no federal taxes in the second year before
the regression year is positive and significant in the year-end regression, providing
support for the hypotheses that insurers engage in hedging to avoid losing tax loss
carry-forwards. Positive and significant coefficients on the dummy variable for hav-
ing an incurred tax rate in the AMT range provide support for the hypothesis that
derivatives usage is motivated by convexity of the income tax schedule.

Neither of the organizational form dummy variables that the authors tested—for
mutuals and publicly traded stocks—is statistically significant. Thus, the authors do
not find evidence consistent with the hypothesis that mutuals, closely held stocks, or
publicly traded stocks behave differently with respect to the use of derivatives. This
would be consistent with operating in a competitive market where buyers are sensi-
tive to insolvency risk, such that firms are motivated to strive for solvency risk tar-
gets in order to succeed.

A few other variables are significant in only one of the probit regression models shown
in Table 3. The capital-to-asset ratio is negative and significant in the within-year
regression and negative but insignificant in the end-of-year regression. The results
thus provide some support for the hypothesis that well-capitalized insurers are less
likely to use derivatives because their probability of incurring distress costs is rela-
tively low and suggests that derivatives and capital may be viewed as substitutes by
some insurers. The unaffiliated single firm dummy is positive and significant at the
10 percent level in the within-year regression, consistent with the hypothesis that
unaffiliated firms use derivatives more than groups because they cannot protect their
overall capital from specific risks by placing those risks in separate insurers. The
brokerage distribution system variable is positive and significant in the within-year
probit model, supporting the hypothesis that insurers distributing insurance through
brokers are more sensitive to the need to manage risk than are insurers using tied
distribution systems. Contrary to expectations, the foreign denominated liabilities
dummy variable is negative and significant (at the 10 percent level) in the year-end
regressions.

The Volume Decision. Consistent with the marginal cost hypothesis set forth ear-
lier, the lognormal volume regressions provide evidence that, conditional on being in
derivatives, firms with more tolerance for risk choose to hedge relatively less than
firms with lower risk tolerance. For example, the proportion of assets in privately
placed bonds is positive in the participation (probit) regressions, but this variable is
negative and significant in the volume regressions. The proportion of assets in stocks
follows the same pattern, except that the stock variable is not significant in the within-
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year volume regression. Weaker support for the hypothesis is provided by the capi-
tal-to-asset variable. This variable is negative and significant in the within-year probit
regressions, positive but not significant in the within-year volume regressions, and
positive and significant in the end-of-year volume regressions.

The unaffiliated company dummy variable is positive and (weakly) significant in the
within-year probit equation and negative and significant in the within-year volume
regression. This finding is consistent with the authors’ marginal costs hypothesis if
unaffiliated firms have a higher tolerance for risk than affiliates, i.e., they are more
likely to participate in derivatives markets because they cannot insulate their overall
capital from specific risks but have higher risk tolerance because they expose buyers
to less default risk than they would encounter in buying from a comparable group.*®

The proportion of assets in publicly traded CMOs is negative and significant in both
the within-year and end-of-year volume regressions. This finding could be interpreted
as providing further support for the marginal costs hypothesis, and/or it could re-
flect the lower liquidity risk of publicly traded relative to privately placed CMOs, an
interpretation that is reinforced by the positive and significant coefficient on the pri-
vately placed CMO variable in the within-year volume regression.

It is to be emphasized that the result with privately placed CMOs, i.e., a positive
coefficient in both the participation and the volume regressions, is not necessarily
inconsistent with the authors’ marginal costs hypothesis. The reasoning behind the
hypothesis suggests that the aversion to marginal costs may be overcome if there is a
particularly compelling reason to hedge the risk of specific assets or liabilities. The
fact that CMOs are considered to be especially risky investments may account for the
different signs on privately placed bonds and CMOs in the volume regressions.

The GIC variable also is positive and significant in both the participation and the
volume regressions. The authors have two, non-mutually exclusive explanations for
this result. The first is that purchasers of GICs tend to be more sophisticated inves-
tors, on average, than the purchasers of other life insurer products. Accordingly, they
may engage in more active monitoring of firm risk and hedging decisions than other
investors, imposing a market penalty on insurers that under-hedge their GIC expo-
sure. The second explanation is that an insurer’s liability (product) portfolio is less
likely than its asset portfolio to provide an indicator of risk tolerance. A wide range of
historical, managerial, and strategic considerations having little to do with risk toler-
ance play a role in determining the products an insurer emphasizes. Thus, while the
proportion of assets in stocks or privately placed bonds may convey significant infor-
mation about risk tolerance, the firm’s product portfolio is likely to be determined
largely by other factors. The positive and significant coefficient on the individual life
and annuity reserves variable in the year-end volume regression is also consistent
with this interpretation.

The maturity gap variable is negative and significant in both the within-year and
end-of-year volume regressions, suggesting that insurers with larger maturity gaps

% The default risk argument is developed in more detail in Cummins and Sommer (1996),
who also provide empirical evidence that unaffiliated firms tend to have relatively high
risk tolerance.
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may have more risk tolerance than insurers with smaller maturity gaps. The dummy
variable for having an incurred tax rate in the AMT range is positive and significant at
the 10 percent level in the year-end volume regression, providing additional evidence
that being in the convex segment of the tax schedule motivates insurers to hedge.

The proportion of premiums ceded to reinsurers is positive and significant in the
end-of-year volume regression, providing some evidence that insurers view reinsur-
ance and derivatives as complements, i.e., that insurers with relatively low risk toler-
ance are likely to use more derivatives and more reinsurance. An alternative inter-
pretation that cannot be ruled out on the basis of the authors” data is that insurers
with better reinsurance hedges use derivatives to take more risk for speculative pur-
poses. A variable with similar implications is the preferred-stock to assets ratio, which
is positive and significant in the volume regressions.

As expected, the “active affiliate” dummy variable is negative and significant in the
within-year lognormal regression, whereas it was positive and significant in the within-
year probit model. Thus, conditional on size, the transactions volumes of individual
affiliates are likely to be less if other group members are also active in derivatives.

Finally, the brokerage distribution system dummy variable is negative and signifi-
cant in the year-end volume regressions. The authors” analysis of life insurers using
brokers versus those using other distribution systems reveals that the brokerage firms
take less risk, based on a large number of asset and liability risk indicators. Conse-
quently, the lower volume of derivatives usage for these firms seems to reflect the
fact that they have less need to use derivatives to hedge than firms using other distri-
bution systems, i.e., the variable is picking up the lower risk of these firms that is not
accounted for by other variables.

Overall, the results provide support for the hypotheses that insurers engage in derivative
transactions to reduce the expected costs of financial distress, manage interest-rate, ex-
change rate, and liquidity risk, and minimize expected tax liabilities. However, the re-
sults provide no support for the hypothesis that the managers of mutual life insurers
behave differently from managers of publicly traded or closely held stock insurers. This
could reflect the offsetting effects of the managerial risk aversion and managerial discre-
tion hypotheses (see above) and/or indicate that differences among firms in managerial
risk tolerance have been captured by the other independent variables in the regressions.

Multi-Variate Results: Property-Liability Insurers

The probit and lognormal regression results for property-liability insurers are shown
in Table 4. As above, the authors first discuss the participation decision and then turn
to a discussion of the volume decision.

The Participation Decision. The discussion in this section applies to variables that
are significant in both the within-year and end-of-year probit regressions unless spe-
cifically indicated.

The property-liability models provide further support for the hypothesis that there
are economies of scale in running derivatives operations. The log of total assets has a
highly significant positive coefficient, and the “active affiliate” dummy variable is
also positive and significant.
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The hypotheses that insurers use derivatives to manage asset volatility and/or engage
in dividend capture strategies are supported by the significant positive coefficients
on the proportion of the asset portfolio in stocks. The hypothesis that insurers use
derivatives to hedge exchange-rate risk is supported by the significant positive coef-
ficient on the foreign-asset exposure dummy variable. Further support is provided
by the positive coefficient on the foreign liabilities dummy variable in the within-
year regression. The coefficient on the interaction of the foreign assets and foreign
liabilities dummy variables is statistically significant (at the 10 percent level) and
negative in the within-year equation, consistent with the argument that having expo-
sure to both foreign assets and foreign liabilities creates a natural foreign currency
hedge. The hypothesis that insurers use derivatives to manage liquidity risk is sup-
ported by the real estate variable in the within-year probit regression.*

The equity capital-to-asset ratio is statistically significant and negative in both prop-
erty-liability insurer probit regressions, consistent with the hypothesis that insurers
engage in derivatives transactions to reduce the expected costs of financial distress.
The ratio of actual equity capital to risk-based capital (RBC) is significant at the 10
percent level in the within-year probit model with a positive coefficient, suggesting
that insurers are less likely to use derivatives the closer they are to the RBC threshold,
perhaps to avoid regulatory costs due to regulator skepticism about derivatives. An-
other explanation is that firms with relatively high RBC ratios have lower tolerance
for risk and are thus more likely to hedge using derivatives.

The dummy variable, set equal to one if no taxes are incurred in the current year, is
statistically significant (at the 10 percent level) with a negative coefficient. This would
be consistent with the hypothesis that insurers hedge to avoid the loss of tax loss
carry-forwards, if paying no current taxes suggests that unused loss carry-forwards
are not large enough to motivate hedging. This variable also could be serving as an
indicator variable for insurers that have been especially successful in tax manage-
ment, consistent with prior research indicating that property-liability insurers have
been very successful over a long period of time in hitting their taxable income targets
by using the underwriting loss tax shelter and tax favored investments (Grace, 1990;
Cummins and Grace, 1994). The difference between this result and the stronger re-
sults with the tax variables in the life insurer regressions probably reflects the fact
that life insurers rarely incur underwriting losses, which provide an important tax
shelter for property-liability insurance firms. The proportion of reserves accounted
for by products liability insurance is positive and statistically significant in the within-
year probit regression, whereas the proportion of reserves accounted for by other

% As for life insurers, the authors also conducted the analysis separately for property-liability
insurer participation in the markets for interest rate/bond derivatives, equity derivatives,
and foreign exchange derivatives. The results are weaker than for life insurers but are
generally consistent with the argument that insurers use specific types of contracts to hedge
risks reflected in those contracts. For example, the proportion of assets in stocks is significant
in the equity derivatives probit model but not in the interest-rate or foreign exchange models;
and the foreign asset dummy variable is significant in the foreign exchange and equity
derivatives model but not in the interest-rate derivatives model. The mutual dummy variable
is statistically significant and positive in the equity derivatives probit model, providing some
support for the managerial risk aversion hypothesis that mutuals hedge more than stocks.



DerIVATIVES AND CORPORATE Risk MANAGEMENT. . . 85

commercial long-tail lines is negative and significant in both the within-year and
year-end probits. The product liability result suggests that insurers that are active
writers of products liability insurance have an incentive to hedge the high volatility
inherent in this coverage. Such hedges can be constructed by transacting in deriva-
tives on the stocks of their insured policyholders.”” The negative sign on the non-
products liability commercial variable is consistent with the argument that reserves
in the lower-risk long-tail lines provide a natural hedge against the duration risk of
the asset portfolio.

The ceded reinsurance variable is negative and weakly significant in the property-
liability insurer within-year participation regression, whereas it was insignificant in
the life insurer probit models. The negative sign on this variable is consistent with the
hypothesis that firms that hedge their underwriting exposure have lower overall risk
levels and therefore have less need to pay the fixed costs of entering the market for
financial derivatives. The result is also consistent with the finding that insurers ap-
pear to hedge products liability risk using derivatives, because reinsurance would be
another way to manage the risk of products liability losses.

The unaffiliated single company dummy variable has a highly significant positive
coefficient, consistent with the hypothesis that unaffiliated companies cannot protect
their capital from specific risks by placing those risks in separate insurers. Because
property-liability insurers experience more volatility in their losses and operating
income than do life insurers, the ability to shield capital from certain types of risks
through the group organizational form may be more important for property-liability
insurers, leading to the strong significance of the variable here, whereas it was weakly
significant in the within-year life insurer participation model.* The ratio of surplus
notes to total assets is significant (at the 10 percent level) and positive in the within-
year probit regression. This supports the hypothesis that the use of surplus notes
reflects managerial risk aversion but is not consistent with the view that the use of
such subordinated claims is a substitute for hedging.

The Volume Decision. The volume regressions for property-liability insurers pro-
vide some additional support for the authors’ hypothesis that, conditional on being
in the derivatives market, firms with higher tolerance for risk will demand lower
quantities of-derivatives due to the marginal costs of hedging. The foreign liabilities
dummy variable is positive and significant in the within-year probit equation but
negative and significant in the within-year volume regression. The real estate vari-

¥ For example, an insurer writing a products liability policy on a drug manufacturer could
hedge the risk of lawsuits by taking a derivatives position in the manufacturer’s stock. This
might be especially effective in hedging the risk of products liability losses that affect many
of the manufacturer’s customers simultaneously, such as those resulting from unforeseen
side effects of a particular drug. The positive coefficient on the products liability variable
also is consistent with the DeMarzo and Dulffie (1995) hypothesis that managers hedge to
provide a less noisy signal of managerial quality to shareholders.

% For example, several insurers have set up subsidiaries to write property insurance in Florida
and California because of the risk of catastrophic loss due to hurricanes and earthquakes.
If a major catastrophe were to wipe out the equity of a subsidiary, the parent insurer would
not be required to post additional capital, unlike the case in which the parent insurer were
to write the property insurance policy.
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able and the foreign asset dummy variable provide additional but weaker support
for the hypothesis. Thus, although further research is clearly needed into this mar-
ginal costs hypothesis, the authors’ results suggest that the hypothesis may help to
explain the demand for derivatives by both life and property-liability insurers. How-
ever, the proportion of assets in stocks is positive in both the participation and vol-
ume regressions and is statistically significant in the end-of-year volume regression.
This would be consistent with property-liability insurers primarily writing equity
derivatives for dividend capture and/or for volatility management.

As for life insurers, the proportion of premiums ceded to reinsurers is positive and
highly significant in the end-of-year volume regression for property-liability insur-
ers. This provides additional evidence that insurers tend to view reinsurance and
derivatives as complements, i.e., that they use the two types of hedging devices to
deal with different risks or perhaps different loss layers or ranges for the same risks.

The ratio of surplus notes to assets is positive and significant at the 10 percent level in
the year-end volume regression. This is consistent with the interpretation that this
variable is proxying for managerial risk aversion. The alternative interpretation—
that managers take advantage of the added capitalization to speculate in derivatives—
seems unlikely considering the negative sign on the capital-to-asset ratio. Thus, the
authors believe that the surplus notes variable supports the managerial risk-aversion
hypothesis. The fact that surplus notes are significant for property-liability but not
for life insurers may again reflect the higher underwriting risk in the property-liabil-
ity industry, which provides a strong motivation for risk-averse managers to raise
and hold additional levels of capital.

The mutual dummy variable is negative and significant in the end-of-year lognormal
regression providing some support for the hypothesis that mutual managers are less
likely to engage in a large, complex derivatives book of business consistent with the
managerial discretion hypothesis.

Although the broker dummy variable is insignificant in the probit models for prop-
erty-liability insurers, it is significant and positive in the within-year volume regres-
sion. This provides some support for the hypothesis that insurers are motivated to
hedge as a signal of financial quality to independent distributors. Unlike life insur-
ers, property-liability insurers using brokers do not seem markedly different from
insurers using other distribution systems in terms of asset and liability risk indica-
tors. Consequently, the higher volume of derivatives transactions would be consis-
tent with lower risk tolerances for this group of firms. The authors would not neces-
sarily expect life and property-liability insurers using brokers to behave identically
because of the inherently different risks in the two industry segments.

CONCLUSION

In this article, the authors formulate and test a number of hypotheses regarding in-
surer participation and volume decisions in derivatives markets. The authors base
their hypotheses on the financial theories of corporate risk management that have
developed over the past several years. The two primary, and non-mutually exclu-
sive, strands of the theoretical literature hold that corporations are motivated to hedge
in order to increase the welfare of shareholders and/or managers.
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The authors’ results provide considerable support for the hypothesis that insurers
hedge to maximize value, on the basis of the signs and significance levels of a range
of variables proxying for various value-maximizing motives for hedging. Several
specific hypotheses are supported by the authors” analysis. The authors find evidence
that insurers are motivated to participate in derivatives markets to reduce the ex-
pected costs of financial distress—the decision to use derivatives is inversely related
to the capital-to-asset ratio for both life and property-liability insurers. The authors
also find evidence that insurers use derivatives to hedge asset volatility, liquidity,
and exchange-rate risks. Life insurers appear to use derivatives to manage interest-
rate risk and the risk from embedded options present in their individual life insur-
ance and GIC liabilities. There is also some evidence that tax considerations play a
role in motivating derivatives market participation decisions by insurers. Finally, the
authors provide support for the hypothesis that there are significant economies of
scale in running derivatives operations. Thus, only large firms and/or those with
higher-than-average risk exposure would find it worthwhile to pay the fixed cost of
setting up a derivatives operation.

Interestingly, however, the authors find that, conditional on being a user of deriva-
tives, the relationship between the volume of derivatives activities and these same
risk measures often displays a result exactly opposite to those found in the participa-
tion regression. The authors argue that this result is broadly consistent with the hy-
pothesis that there is also a per unit risk premium associated with hedging and that,
conditional on having risk exposures large enough to warrant participation, firms
with a larger appetite for risk will be less willing than average to pay this marginal
cost. Such firms, therefore, have larger-than-average risk exposure (lower-than-aver-
age derivatives positions) vis 4 vis the subgroup of insurers that use derivatives, who
themselves may be, on average, higher-risk firms than nonusers.

The authors’ analysis provides only weak support for the utility maximization hy-
pothesis. The only variable that carries significant implications about this hypothesis
is the ratio of surplus notes to assets, which is positively but weakly related to both
the participation and volume decisions for property-liability insurers. Because sur-
plus notes are used primarily by mutuals, this finding is consistent with risk-averse
mutual managers raising capital through surplus notes as well as hedging risk using
derivatives. However, the authors also find that the mutual dummy variable is in-
versely related to derivatives volume for property-liability insurers, consistent with
the managerial discretion hypothesis. More definitive tests of the utility maximiza-
tion hypothesis using variables such as the composition of boards of directors, incen-
tive compensation plans, and (for stocks) the distribution of stock ownership provide
promising areas for future research.

The authors’ conclusion that insurers with higher-than-average asset risk exposures
use derivative securities has important implications for insurance regulation. State
regulators periodically consider imposing additional regulations on the use of de-
rivatives by insurers, and this issue is likely to receive additional federal attention in
the ongoing debate over state versus federal regulation. While more work is clearly
needed regarding the net effect of derivatives on the risk profile of insurers, the au-
thors” work suggests that derivatives can be used to improve the risk-return effi-
ciency of the insurance market. Restricting derivatives could increase risk for some
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insurers now participating in derivatives markets and would reduce the ability of
other insurers to access this source of risk management. The findings are also rel-
evant in terms of reporting requirements imposed by state insurance regulators, the
Financial Accounting Standards Board, and the Securities and Exchange Commis-
sion. More detailed and accurate reporting is likely to be beneficial in facilitating
market monitoring of insurer derivatives activities.
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