Derivatives and Corporate Risk Management:
Participation and Volume Decisions in the Insurance Industry

J. David Cummins, Richard D. Phillips, and Stephen D. Smith

Federal Reserve Bank of Atlanta
Working Paper 97-12
November 1997

Abstract: Inthis paper we formulate and test a number of hypotheses regarding insurer participation and volume
decisions in derivatives markets. Several specific hypotheses are supported by our analysis. We find evidence

consistent with the idea that insurers are motivated to use financial derivatives to hedge the costs of financia

distress, interest rate, liquidity, and exchange rate risks. We also find some evidence that insurers use these
instruments to hedge embedded options and manage their tax bills. We aso find evidence of significant

economies of scale in the use of derivatives. Interestingly, we often find that the predetermined variables we
employ display opposite signs in the participation and volume regressions. We argue that this result is broadly

consistent with the hypothesis that there is also a per unit premium associated with hedging and that, conditional
on having risk exposures large enough to warrant participation, firmswith alarger appetite for risk will be less
willing than average to pay this marginal cost.

JEL classification: G2, G3, L2

Key words. financial ingtitutions and services, corporate finance and governance, firm objectives,
organization and behavior

The views expressed here are those of the authors and not necessarily those of the Federal Reserve Bank of Atlanta or the
Federal Reserve System. Any remaining errors are the authors' responsihility.

Please address questions regarding content to J. David Cummins, Harry J. Loman Professor of Insurance and Risk
Management, University of Pennsylvania, Wharton School, 3641 Locust Walk, Philadelphia, Pennsylvania 19104, 215/898-
5644, 215/898-0310 (fax), cummins@wharton.upenn.edu; Richard D. Phillips, Assistant Professor, Georgia State
University, College of Business Administration, P.O. Box 4036, Atlanta, Georgia 30302-4036, 404/651-2789, 404/651-
4219 (fax), rphillips@gsu.edu; and Stephen D. Smith, H. Talmage Dobbs Jr. Chair of Finance, Georgia State University
and Visiting Scholar, Federal Reserve Bank of Atlanta, 104 Marietta Street, N.W., Atlanta, Georgia 30303-2713, 404/521-
8873, 404/521-8810 (fax), stephen.d.smith@atl.frb.org.

Questions regarding subscriptions to the Federal Reserve Bank of Atlantaworking paper series should be addressed to the
Public Affairs Department, Federal Reserve Bank of Atlanta, 104 Marietta Street, N.W., Atlanta, Georgia 30303-2713,
404/521-8020. The full text of this paper may be downloaded (in PDF format) from the Atlanta Fed’ s World-Wide Web
site at http://www.frbatlanta.org/publica’work_papers/.



Derivativesand Corporate Risk M anagement:
Participation and Volume Decisionsin the Insurance Industry

This paper examines factors that influence the use of financial derivativesin the U.S. insurance
industry. Weinvestigate rationales that might explain both the decision to use derivatives aswell asthe
volume of these transactions. The principal objectiveisto empiricaly investigate the general motivations
for corporate risk management as well as several more specific hypotheses relating to the insurance
industry. In our empirical analysis, we take advantage of the disclosure requirements imposed on
insurers by state regulators that provide detailed information on individual holdings and transactionsin
derivatives markets.

The use of derivativesin 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 1995 survey of mgjor non-financial firms revealed that at least 70 percent are using
some form of financial engineering to manage interest rate, foreign exchange, or commodity price risk
(Wharton-Chase, 1995). Financial firms, including banks (see, for example, Gunther and Siems, 1995,
and Shanker, 1996), savings and loans (Brewer, et a., 1996), and insurers (Colquitt and Hoyt, 1995,
Cummins, Phillips, and Smith, 1997), adlso are activein derivatives markets. Although the types of risks
confronting managers vary somewhat across industries, there is substantial commonality in the
underlying rationalefor the use of derivativesand thefinancial engineering techniquesthat areemployed.

At first glance, modern finance theory provides little motivation for hedging by widely held
corporations. According to theory, shares of such corporations are held by diversified investors who,
operating in frictionless and complete markets, 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 valuable asastarting point, thisfrictionlesstheory of finance has given way

in recent yearsto aricher set of hypotheses whereby various market imperfections, incentive conflicts,



and information asymmetries create motivations for even value maximizing corporate managersto alter
the risk/return profile of the firm. Alternatively, managerial risk aversion, incentive conflicts between
managers and owners, and related factors may also lead to ademand for risk management activitiesthat
conflict with value maximization.?

In the first category, firms, faced with costly frictions, are hypothesized to manage risks to the
benefit of shareholders. Examples of these frictions include bankruptcy and bankruptcy related costs,
such aslegal and court costs. More generaly, firms that encounter financial difficulty can experience
increased costsof borrowing and reputational lossthat can affect relationshipswith employees, suppliers,
and customers. Other examples would include firms whose cash flows are adversely affected by
contingencies that, left unhedged, may force managersto forego profitable investment projectsfor lack
of affordable capital. The convexity of the corporate income tax schedule provides another potentially
value-increasing motivation for corporate hedging.

Hedging that arises from managerial risk aversion, on the other hand, is likely to reduce firm
value. Managers may behave in a risk averse manner, taking less risk than would be optimal for the
firm’ sowners, becausetheir human capital and wealth are poorly diversified. Suchlack of diversification
canresult frommanagershaving, for example, firm-specific human capital that resultsinarelatively large
proportion of the firm’'s stock being held by managers. These factors are especialy likely to have an
adverse effect if managerial compensation arrangements are poorly designed. Another managerial
motivation for hedging involves the use of risk management to signal managerial skill in the presence of

asymmetric information (Breedon and Viswanathan, 1996, DeMarzo and Duffie, 1995).

'For more extensive discussions of the rationale for corporate risk management, see Smith
and Stulz (1985), Froot, Scharfstein, and Stein (1993), Stulz (1996), and Tufano (1996).

2See Smiith and Stulz (1985), Stulz (1996), and Tufano (1996).
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Prior research suggeststhat thefactorsmotivating corporationsin general to managerisk areaso
important intheinsuranceindustry (Cumminsand Lamm-Tennant, 1993, Babbel and Santomero, 1997).
As financial intermediaries with relatively long-term assets and liabilities, 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 that permit buyers to withdraw funds in response to
interest rate changes and other economic fluctuations. Default risk also has the potential to affect life
insurer cash flows. While property liability insurers face some of the samerisks aslife insurers, they are
also subject to extremely volatile cash outflows due to liability lawsuits and property catastrophes such
as hurricanes and earthquakes. Both types of insurers face exchange rate risk due to the increasing
internationalization of insurance and financial markets. Regulatory intervention, including recently
introduced risk based capital requirements, may also provide a motivation for risk management (see
Cummins, Harrington, and Niehaus, 1994).

As noted earlier, managerial risk aversion and incentive issues may also be important practical
rationales for risk management in the insurance industry. A substantial proportion of the firmsin the
industry are closely held stocks and mutual companies, where managersarelikely to exhibit risk aversion
because of suboptimal diversification of personal wealth, organization specific capital, and/or the absence
of effective mechanisms for owners to use as disciplining devices.

Inthispaper, we develop a set of hypotheses regarding the hedging behavior of insurers, specify
variables to represent the hypotheses, and then perform tests on a sample of life and property-liability
insurers. The sample consists of al U.S. life and property-liability insurers reporting to the National
Association of Insurance Commissioners (NAIC). The data on derivatives positions are taken from
Schedule DB of the 1994 annual regulatory statements filed by insurers with state regulators. We
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investigate both the decision to conduct derivatives transactions and the volume of transactions
undertaken by firms who enter derivatives markets. Unlike many earlier studies, our data allow us to
identify virtually all derivatives transactions across instruments. This, in turn, allows us to observe the
portfolio of derivative securities; presumably, the relevant choice variable for optimization purposes.
However, we clearly build on earlier theory and econometric techniquesthat have provided evidence on
the determinants of derivative participation by nonfinancial firms (Nance, Smith, and Smithson, 1993,
Fenn, Post and Sharpe, 1996, and Tufano, 1996), banks (Sinkey and Carter, 1995, Gunther and Siems,
1995), and insurers (Colquitt and Hoyt, 1995, and Cummins, Phillips, and Smith, 1997).

Inthispaper, we extend work in the insurance area by explicitly specifying hypotheses about the
demand for hedging by insurers, defining a number of new variables to test these hypotheses, and
devoting more attention to testing hypotheses related to cross-sectional variation in the volume of
derivativestransactionsaswell asanalyzing the participation decision. Inparticular, weextend thework
of Colquitt and Hoyt (CH) (1995) in a number of dimensions. Whereas CH base their analysis on life
insurers licensed in Georgia, our sample includes the universe of insurersreporting to the NAIC. Thus,
we analyze amore comprehensive sample and study derivatives usage by both lifeinsurersand property-
liability insurers. In addition, while CH use a Tobit analysis to analyze the extent of participation of
insurers in derivatives markets, we use a generalization of this approach, due to Cragg (1971), that
permits the relationship between explanatory variables and the decision to use derivativesto differ from
that linking these variables to the volume of derivatives transactions. Thisis particularly important if
thereisreasonto believe, aswelater argue, that there may be specific economic reasonswhy onewould
want to allow such flexibility in the estimation technique. We aso extend the work in CPS and CH by

identifying economic rationales for cross-sectional variation in the volume of derivatives activity across



organizations and by investigating some hypotheses concerning the economic relationship between the
participation and volume decisions on the part of insurers.

Theremainder of the paper isorganized asfollows: Section| formulates hypothesesand specifies
variables to be used in the empirical tests. Section |1 describes the sample and explains our estimation
methodology. The results are presented in section |11, and section IV concludes.

|. Hypothesis Formulation

As mentioned above, there are two primary, non-mutually exclusive, classes of theories about
the motivationsfor corporate risk management — maximization of shareholder value and maximization
of managerial utility. This section provides a more complete discussion of the theories and specifies
variablesto test hypotheses concerning rationalesfor risk management for thissample of insurancefirms.

We start by assuming that hedging is not costless, either in terms of fixed or variable costs. In
particular, we recognize that, absent any fixed costs of setting up derivatives activities and obtaining
expertise in their management, almost al 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,
we 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 appetites for risk will
demand, ceteris paribus, lower quantities of derivatives positions to the extent that each additional unit
imposes additional marginal costs in the form of risk premiums (i.e., hedge less at the margin). It
follows, according to this hypothesis, that certain measures of risk may have opposite signs in the
participation vs. value regressions. With this general idea in mind, we now turn to specific rationales

that have been provided for why insurance corporations may choose to engage in risk management.



Shareholder Value Considerations:

Financial Distress. One important theory of corporate risk management is that firms engage
in hedging activitiesto avoid the costs of financial distress. Inaddition to thedirect costsresulting from
bankruptcy e.g., legal fees and court costs, shareholders also face costs arising prior to bankruptcy.
Theseinclude such factors asreputational lossthat may affect the firm'’ s ability to retainitsrelationships
with key employees, customers, or suppliers.

The hypothesisthat firms engage in risk management to avoid nontradable costs associated with
financial distress seemsparticularly applicableto theinsuranceindustry. Insurersare subject to stringent
solvency regulation by the statesthat includes detailed reporting requirements, computerized audit ratio
tests, extensive site audits, and the recently adopted risk-based capita standards (Klein, 1995).
I nsurance commissioners can and do sometimes seize control of financially troubled insurerslong before
the value of assetsfalls below the value of liabilities. Even prior to seizure, commissioners can impose
restrictions on firm growth and on the composition of asset portfolios. Indeed, the risk-based capital
laws now in effect in all states require commissioners to take specified actions when a firms risk-based
capital ratio, defined as the ratio of actual capital to risk-based capital, falls below certain thresholds.
Such actions will reduce the value of the owners' interest in the firm and may ultimately result in the

company being seized and liquidated.®

3|f actual capital falls between 150 and 200 percent of risk-based capital, the commissioner
has the obligation to require the insurer to present a business plan indicating actions the firm will
take to improve its financial position. If actual capital falls between 150 and 100 percent of risk-
based capital, the commissioner must examine the company and institute corrective action if
necessary. When actual capital falls between 100 percent and 70 percent of risk-based capital, the
commissioner is authorized to rehabilitate or liquidate the company; and when actua capital falls
below 70 percent of risk-based capital, the commissioner is required to seize control of the
company (see Cummins, Harrington, and Niehaus, 1994).
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We specify several variablesto capture the effects of potential distress costs on the participation
and volume decisionsof insurers. Thefirst isthefirm’'scapital-to-asset ratio. Therationaleisthat firms
with high capital-to-asset ratios are lesslikely to experience financial distress becausethey hold adequate
capital to cushion the firm against adverse loss or investment shocks (Stulz, 1996). Inthis sense, equity
capital serves as a substitute for hedging as away to avoid the costs of financial distress. We expect an
inverse relationship between the capital-to-asset ratio and the decision to engage in derivatives
transactions. However, as noted earlier, conditional on having a high enough risk exposure to make
derivatives activities worthwhile, firms with abigger appetite for leverage may find it less appealing to
pay the marginal cost of hedging additional units, resulting in alower than average level of derivatives
activity for these firms,

A second variable we specify to measure the effects of distress costs pertainsdirectly to therisk-
based capital system. This variable is a dummy variable equal to 1 if the highest risk-based capital
threshold ishinding, i.e., if afirm’ s capital islessthan 200 percent of itsrisk-based capital.* A continuous
version of thisvariable equal to the insurer’ sactual risk-based capital ratio also istested. The expected
signs of the risk-based capital variables are ambiguous. The earlier discussion suggests a positive sign
on the risk-based capital dummy variable and a negative sign on the risk-based capital ratio. However,
opposite signs are also possible, either because the insurer is experiencing financial difficulties, or
because it refrains from hedging to avoid additional regulatory costs. The latter effect could arise if
insurance regulators are skeptical of the use of derivatives by insurers, believing that derivativestend to

be used for speculation.

“We also tested dummy variables for the more stringent (lower) risk-based capital
thresholds. These variables did not perform well because few insurers fall below the lower
thresholds.



A third financial distress variable that we consider is the ratio of preferred capital stock and
surplus notesto total assets.® Therationaleisthat the use of such subordinated claimsis a substitute for
hedging (Sinkey and Carter, 1994, Dolde, 1996). The predicted sign on this variable is negative since
the economic logic is similar to that used in the discussion of the capital/asset ratio.

To test the hypothesis that reputation plays a role in risk management, we specify a dummy
variable equal to 1 if the insurer primarily distributesits products through insurance brokers rather than
through atied (exclusive) distribution network. Thelogic hereisthat brokers have relationships with
morethan oneinsurer and thus can direct businessto avariety of sources. Such independent distributors
tend to be extremely sensitive to the financial condition of insurersin order to serve their customers and
to avoid “errors and omissions’ lawsuits. In addition, such distributors are knowledgeable and
sophisticated ininterpreting information concerning financial conditions. Insurersusing theindependent
distribution channel arethus expected to be morelikely to engagein corporate risk management in order
to avoid reputationa costs, than are insurers using the exclusive distribution channel. We test this
hypothesis by including adummy variable equal to 1 if theinsurer usesthe brokerage distribution channel
and equal to zero otherwise. We expect this variable to be positively related to the use of derivatives.

Interest Rate Risk and Investment Portfolio Structure. Like other financial intermediaries,
insurers issue a variety of debt claims and invest the proceeds in financial assets. The data suggest that
both life and property-liability insurers tend to have positive equity duration gaps, with the duration of
assetsexceeding theduration of liabilities (Staking and Babbel, 1995, Cumminsand Weiss, 1991). There

is also evidence that insurers seek to hedge the resulting duration and convexity risk (Babbel and

*We refer here to the insurer’s own preferred stock rather than to preferred stock held as
an asset by the insurer. Surplus notes are afinancial instrument similar to preferred stock that
mutual insurers are permitted to use as capital, subject to advance approval by the regulator.
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Santomero, 1997). To capture the effects of hedging activities designed to manage interest rate risk,
we specify aproxy for duration gap variable that isequal to the difference between the weighted average
maturity of insurer assets and liabilities.® We expect a positive relationship between our proxy for the
duration gap and the use of derivatives.

Although both life and property-liability insurersinvest the majority of their fundsin high-grade,
publicly-traded bonds, they also invest in assets with higher default risk, return volatilities and/or lower
liquidity. Clearly, insurers might desire to hedge part of these default/volatility/liquidity risks. For
example, investmentsin real estate may expose insurersto more price and liquidity risk than they would
liketo retain. Somelifeinsurersaso invest heavily in privately placed bonds and mortgages, which are
subject to liquidity risk and often contain embedded options. Moreover, both life and property-liability
insurers invest in collateralized mortgage obligations (CMOs), which expose them to similar risks.

To capture hedging activities relating to asset risk, we include in our analysis the proportion of
insurer assets invested in relatively risky (in terms of price and/or liquidity measures) classes of assets.
Specifically, we include separate variables that measure the proportion of assetsinvested in stocks, real
estate, privately placed bonds, and both private and publicly traded CMOs. Thesevariablesare expected
to be positively related to the use of derivatives.

With theincreasing internationalization of financial markets, insurers have begun to invest more
heavily in foreign securities, either as a hedge against foreign liabilities or smply to enhance portfolio
diversification and take advantage of attractive yields. Although insurers are sophisticated portfolio

managers, we have no reason to believe that they have a comparative advantage in managing exchange

®Maturity is used here as a proxy for duration because the regulatory statements do not
provide enough information to calculate duration.
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rate risk. Accordingly, they may decide to hedge this component of the risk of investing in foreign
securities or holding foreign liabilities.

We use several variablesto test the hypothesisthat insurers use derivatives to manage exchange
raterisk. Thefirst measuresthe proportions of assetsin non-U.S. and non-Canadian stocks and bonds.
Other proxiesfor foreignrisk exposureinclude adummy variable, set equal to 1 if theinsurer hasforeign
liabilities and equal to zero otherwise, and an interaction variable 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 1 if the insurer has any foreign assets and zero otherwise is also tested along with the
interaction between this dummy variable and the dummy variable for exposure to foreign liabilities. We
expect a positive relationship between the foreign exposure variables and the use of derivatives. A
negative relationship is expected between the asset/liability interaction variables and the use of
derivatives since holding both foreign assets and foreign liabilities creates a natural hedge against
exchange rate risk that may substitute for hedging through the use of foreign exchange derivatives.

Certain classes of liahilities aso potentially expose insurersto abnormal risks. For life insurers,
these include group annuities and individual life insurance and annuities. Group annuities are held by
sophisticated institutional investors such as corporate pension plans, which are generaly believed to be
highly sensitive to both yields and insurer financia ratings. Individual life insurance and annuities are
relatively long maturity contractsthat contain numerous embedded optionsand are particularly sensitive
to changesininterest rates. Property-liability insurersaso issue relatively long-maturity liabilitiesin the
commercial casualty lines such as general liability and workers' compensation insurance.

To capture the effects of liability risk on the use of derivatives, we separately include the
proportions of reservesin individual life insurance and annuitiesand in group annuitiesin thelifeinsurer
analysis. These variables are expected to be positively related to the use of derivatives. For property-
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liability insurers, we include as a variable the proportion of premiums written in commercial liability
(except products liability) and workers' compensation insurance and separately include the proportion
of premiums written in products liability insurance. Products liability insurance is included separately
because losses from this line of business are subject to unusually high volatility. Thus, insurers with a
relatively high exposure to products liability may have an especially strong incentive to hedge to the
extent they believe that there exist financial securitiesthat can be used to hedge these typesof risks. The
commercial liability/workers compensation variable and the products liability variable are expected to
be positively related to the use of derivativesif the risk of these lines of business motivates insurers to
hedge. On the other hand, 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 (Cummins, Phillips, and Smith, 1997).

Life insurers issue another type of debt claim, guaranteed investment contracts (GICs), smilar
to structured notes, that are purchased primarily by institutional investors. GlCsareyield sensitive and
contain embedded options that are likely to be exercised in response to changes in interest rates and
other economic fluctuations. Insurers are well aware of the risks of issuing GICs,” as well as the
increasing sengitivity of Gl Cinvestorsto insurer financia quality (Liscio, 1990). Accordingly, weexpect
aninsurer’s GIC exposure to be positively related to the use of derivatives; and we test this hypothesis
using the ratio of GIC’sto total reserves.

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

firmsto forego positive net present value projectsif the gains primarily augment the value of the firm's

"The near-insolvency of Equitable Life following its loss of nearly $1 hillion due to
unhedged GIC contracts was a clear case in point (Finn, 1988).
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debt. The underinvestment problem is more likely to occur in firmsthat are relatively highly leveraged,
providing a motivation for firms to hedge to avoid shocks to equity that result in high leverage ratios.
A related problem, identified by Froot, Scharfstein, and Stein (1993) arises if external funds are more
costly than internal funds, due to, say, information asymmetries between insiders and outsiders. Firms
may hedge to reduce the variability of their income 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 opportunities that
might motivate afirmto hedge. However, the growth rate variableswetested (growth in premiumsand
assets) were not statistically significant. For life insurers, we are able to specify a unique variable to
serve as aproxy for growth opportunities (or, rather, the lack thereof). Thisvariable isthe proportion
of an insurer’s new premium volume that arises from the reinvestment of policyholder dividends and
coupons from existing policies. The argument is that firms that have a relatively high proportion of
revenues from existing policies rather than new policy sales are lacking in growth opportunities. We
expect thisvariable to be inversely related to the use of derivatives. No comparable variable is available
for property-liability insurers.

Taxes. Smithand Stulz (1985) arguethat the presence of aconvex incometax schedule provides
amotivefor corporate hedging. With aconvex tax schedule, firms can minimize taxes and enhance firm
value by reducing the volatility of earnings, thus providing a motivation for risk management. The
corporate tax schedules affecting both life and property-liability insurers have convex segments, and
property-liability insurers, in particular, are known to engage in especialy active tax management
(Cummins and Grace, 1994).

Because the amount of information insurers disclose to regulators on Federal income taxation
is very limited, we are not able to test variables commonly used in the existing literature such as the
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amount of unused tax loss carryforwards (e.g., Nance, Smith, and Smithson, 1993). However, we are
able to specify dummy variablesto proxy for insurers tax positions. We specify adummy variable equal
to 1 if the insurer paid no Federal income tax in 1994 and O otherwise; and analogous 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 carryforwardsthat theinsurer riskslosing if it does
not generate positivetaxableincome. Thisrationalewould predict positive signsfor the“no tax” dummy
variables. Onthe other hand, if theinsurer has been paying little or nothing in taxes, it may indicate that
it does not expect to pay taxes in the future and hence does not have a tax motivation for engaging in
hedging activities.

A second variable designed to capture the effects of tax-induced hedging is a dummy variable
equal to 1 if theinsurer’sratio of incurred Federal income taxes to pre-tax income is between zero and
25 percent and equal to zero otherwise. This variable is designed as an indicator for insurers that are
in the convex segment of the tax code, between the aternate minimumtax (AMT) rate (20 percent) and
theregular corporatetax rate (34 percent).? This“ AMT” dummy variable is expected to have apositive

relationship with the use of derivatives.®

8The 25 percent threshold was chosen somewhat arbitrarily because we do not actually
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 carryforwards, insurers paying the regular tax rate
could have ratios of incurred taxes to income that are less than 34 percent. Experimentation with
afew other reasonable thresholds, such as 20 percent and 15 percent, indicate that the results are
not sengitive to the choice of athreshold in the 15 to 25 percent range.

*We also tested a continuous tax variable equal to the ratio of taxes incurred to net income
before taxes. This variable was never statistically significant and was eliminated from the models
reported in the paper.
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The Maximization of Managerial Utility

We argue that mutual insurance companies are likely to be more affected by incentive conflicts
between managers and ownersthan are stock companies. The mutual ownership form does not provide
effective mechanisms that owners can use to control and discipline managers, such as the alienable
clams, voting rightsin electionsfor directors, and the proxy and takeover fights available to the owners
of stock companies. Thus, mutual managers are more free to follow their own objectivesto a greater
degree than the managers of stock firms and are more likely to behave as utility, rather than value,
maximizers.’

Mutual managers may also be more likely to behave in arisk averse manner precisely because
mutuals do not have stock. Thus, the opportunities to structure management compensation systems
(such as stock option plans) that reward managers for maximizing value are very limited in the mutual
ownership form. If managers of mutuals exhibit utility maximizing behavior, they are likely to engage
in derivatives transactions for reasons other than value-maximization. Thus, mutual managers may
engage in more derivatives activity than might be desirable from the owners' perspective.

To test for the potential effect of managerial risk aversion on hedging behavior in the insurance

industry, we specify a dummy variable equal to 1 if the company is organized as a mutual insurance

9For this reason, it is often argued that mutuals are likely to be most successful in lines of
insurance which require relatively low managerial discretion in underwriting, pricing, and claims
settlement.  When little managerial discretion is required to operate the business, the owner-
policyholders are better able to monitor the performance of managers and managers have less
latitude to pursue their own objectives at the expense of the owners. Conversely, stocks are
expected to be more successful in lines of insurance where more managerial discretion is required
because it is easier for owners to monitor and control managers in the stock ownership form. A
significant amount of empirical support for this managerial discretion hypothesis has been
provided in the prior literature (e.g., Mayers and Smith, 1988, 1990).
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company and equal to zero otherwise. We expect this variable to be positively related to the use of
derivatives.
Other Variables

We expect firm size to be related to derivatives activity. Size will be positively correlated with
derivativesactivity if there are significant economies of scalein human capital investment and derivatives
trading (Booth, Smith and Stolz, 1984, Hoyt, 1989) and if derivatives operations require significant
investmentsin computer hardware and software (Stulz, 1996). However, these scale economies, if they
exist, may be offset by the fact that larger insurers may be more diversified and thereforein less need of
derivatives contracts as additional risk management tools. Our overall expectation is that information
and transactions cost economies of scale will dominate any built in diversification benefits, resulting in
greater usage 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 our analysisis adummy variable set equal to 1 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 margina cost of other group members taking advantage of these risk/return
opportunitiesisdeclining to the extent that each member of the group rationally does not duplicate these

fixed costs. We expect this dummy variable to be positively related to the use of derivatives.

"The reasons for conducting our tests with the company rather than the group as the unit
of observation are explained below.
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A dummy variable is aso included for unaffiliated single companies.*? Unaffiliated insurers may
engage in more risk management through derivatives trading than insurers that are members of groups
because unaffiliated companies forfeit a source of diversification by not being organized asagroup. An
insurance group is similar to a portfolio of options, worth more to the owners than an option on a
portfolio. Under corporate law, the creditors of an insolvent subsidiary cannot reach the assets of other
members of the group unlessthey are successful in “piercing the corporate veil,” which usualy requires
a finding of fraud or similar wrong-doing by the group’s owners. Thus, we expect the unaffiliated
company variable to be positively related to the use of derivatives.

Although derivatives are a recent tool for risk management by most insurers,™ they have long
used reinsurance as a way of hedging underwriting risk. More recently, insurers have used financial
reinsurance to hedge their exposure to, for example, interest rate and market risk (Tiller and Tiller,
1995). If thereisasignificant relationship between underwriting risk and returns in financial markets,
then reinsurance designed to reduce underwriting risk might serve as a substitute for derivatives
activities. Financial reinsurance ismore likely to be a substitute for transactionsin financial derivatives,
but thistype of reinsurance is arelatively recent product that isimperfectly proxied by our reinsurance
variable. Onthe other hand, reinsurance and financial derivatives might be complementsif insurersthat

engage in hedging of underwriting risk are also more likely to hedge financial risk. We account for the

2Thus, 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.

3_ehman Brothers (1994) reports that some of the more sophisticated insurers have been
using derivatives for more than twenty years. However, only afew large insurersfal into this
category.
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use of reinsurance by including in our regressions the ratio of ceded reinsurance premiums written to
direct premiums written plus reinsurance assumed.*

II. Data and M ethodology
TheData

Our datacome from Schedule DB of the 1994 regulatory annual statementsfiled by insurerswith
the National Association of Insurance Commissioners. PartsA through D of Schedule DB list individual
transactions across four general categories of derivatives, (A) options, caps and floors owned, (B)
options, caps and floors written, (C) collar, swap and forward agreements, and (D) futures. Inpart E
of schedule DB, insurersarerequiredto report their year-end counterparty exposurefor al the contracts
contained in sections A through D. The explanatory variables used in our analysis also are taken from
the 1994 NAIC regulatory statements.

The sample of insurers we analyze initially consisted of all life and property-liability companies
that filed regulatory annual statements with the National Association of Insurance Commissioners for
report-year 1994, atotal of 1,760 life insurers and 2,707 PC insurers. Initial screening resulted in the
elimination of firms with zero or negative assets, premiums, or surplus (equity) and firms that lack
adequate group affiliation identifiers. The screening criteriaresulted inthe elimination of alarge number
of very small firms (in the aggregate they account for only 2.2 percent of industry assets). The final
sample consists of 1,204 life insurers and 1,664 PC insurers.

Many insurersare membersof groupsthat operate under common ownership. Because members
of groups are likely to share common financial strategies and, in many cases, common investment

departments, we considered analyzing firms at the group level as well asthe individual company level.

“This measure of reinsurance is also used by Colquitt and Hoyt (1995) and Mayers and
Smith (1990).
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However, Cummins, Phillips, and Smith (1997) found that the group level analysis provided virtually no
information concerning the participation decision not provided by the company level analysisand, infact,
some interesting information was lost as a result of aggregating individual companies into groups.
Consequently, we report only the company-level analysis in this paper.

M ethodology

In this paper, we analyze the factors affecting the decision by insurers to enter the market for
derivativesaswell asthefactors affecting the volume of transactionsundertaken. Weuse probit analysis
to study the participation decision — the same approach used for this purpose by Colquitt and Hoyt
(1994) and Cummins, Phillips, and Smith (1997). The dependent variable is set equal to 1 if aninsurer
had any derivatives activity during 1994 or reported derivatives holdings at year end 1994 and equal to
zero otherwise. Theexplanatory variablesarethoseformulated aboveto test our hypotheses. A positive
sign on an explanatory variable in the probit analysisimpliesthat the variable is associated with a higher
than average propensity for insurers to use derivatives and vice versa if the variable carries a negative
sign.

To analyzethe volume of derivativestransactions, we adopt two approaches. Thefirst isaTobit
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 transactionsif the insurer does use derivatives. We use notional
amounts to measure the volume of derivative transactions.”® Tobit anaysisis a standard procedure for
dealing with censored dependent variables, where the variable is continuous for some observations but

egual to zero (or some other constant) for others.

®\We 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, our estimates will remain unbiased.
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A criticism of Tobit analysisisthat it measuresthe participation decision and the volume decision
simultaneoudly, i.e., it forces variables to have the same signs with respect to the decision to participate
and thevolume of transactions, given that participation takesplace. To theextent that therearereasons,
like those noted earlier, why some variables in the participation and volume regressions should have
opposite signs, the Tobit model would be mis-specified. Consequently, we also utilize a generalization
of the Tobit model, dueto Cragg (1971), that doesallow different parameter valuesfor the participation
and quantity decisions.

Cragg’'s framework is quite general and allows a variety of assumptions concerning the
underlying probability distributionsentering into the participation and quantity decisions. Herewe adopt
an approach, used previoudly by Gunther and Siems (1995), that assumes a normal distribution model
for the participation decision and alognormal distribution for the quantity decision, conditional on the
fact that the firm is participating in this market. The resulting likelihood function is

N (1&1)) l
L = 2 [L&F (RNX)]H Y [F (RNX) f(y, *y, > 0)]"
i"1

1 gl (Iny; & NX; )
2

&=
where f(y,*y,>0) " (sy)%(2p) 2e > & |, y. >0

l; is an indicator variable equal to 1 if the insurer uses derivatives and zero otherwise, 3 and ? are
parameter vectors, y; is the volume of derivatives used by insurer i, and X; is a vector of independent
variablesfor insureri. Themodel isequivalent to estimating aprobit 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. It is also possible to conduct a likelihood ratio test of the

appropriateness of the Tobit model assumption that the participation and quantity decisions can be
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modeled using the same coefficients. Results from these tests are reported and discussed in the next
section.

IIl. Estimation Results
Descriptive Statistics

Summary statistics on usage, by asset quartile, are shownin Table 1. Overall, about 9.9 percent
of lifeinsurers and 6.7 percent of property-liability insurers use derivatives. However, usage is much
more widespread in the largest size quartile, where 31.1 percent of life and 20.1 percent of property-
liability insurers are active in derivatives markets.

Summary statistics for the remaining variables appearing in our models are presented in Table
2. The average notional amounts of derivatives transactions during the year by life insurersis $1.7
billion, while the average notional amount of transactionsfor property-liability insurersismuchless, only
about $300 million. Clearly, lifeinsurersare, onaverage, bigger playersin derivatives marketsthantheir
property-liability counterparts.

Table 2 also contains data on the means of the independent variables for derivatives users and
non users, by insurer type, aswell ast-testsfor the significance of the differences between the means of
the variables for users and non-users. Most of the explanatory variables have significantly different
means for users and non-users. For example, both life and property-liability insurersthat use derivatives
are significantly larger than their non-user counterparts.

Lifeinsurers engaged in derivatives activities have significantly higher than average proportions
of their assetsin stocks, CMOs, privately placed bonds, and foreign securities. Lifeinsurance usersaso
have significantly higher proportions of group annuities and GICs on their balance sheets than do non-
users, and users have larger duration gaps than non-users. The direction and significance of these mean
differencesare consistent with our hypothesisthat lifeinsurersare using derivativesto hedgeinterest rate
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risk, volatility risk, liquidity risk, and exchange rate risk. Life insurers who are derivatives users have
lower capital-to-asset ratios than non-users but are less likely to have risk-based capital ratios less than
200 percent.*® Lifeinsurance users are significantly lesslikely than non-usersto haveincurred a Federal
tax liability in 1993 and 1994. Finally, users are more likely to be mutuals, less likely to be unaffiliated
companies, and more likely to have another affiliated company that is active in derivatives markets.

Property-liability insurersthat use derivatives have higher proportions of their assetsin stocks,
real estate, and foreign stocks and bonds than non-users. Users write less of their premiums in
commercial casualty insurance (other than products liability) but write more of their premiumsin the
products liability line than do the non-users. Asin the case of life insurers, property-liability users have
larger duration gaps and lower capital-to-asset ratios than non-users. Property-liability users of
derivatives are more likely to be in the AMT range of the tax schedule than non-users. Overall, the
descriptive statistics provide suggestive evidence in support of many of our hypotheses; in particular the
hypothesis that firms with above average risk exposure, relative to overall population of insurers, will
find it beneficia to pay the fixed cost of becoming active participants in the market for derivative
securities,

Table 3 provides some descriptive data on the types of derivatives used by life and property-
liability insurers during 1994. The table shows statistics on the transactions volume during the year,
where, as noted earlier, transactions volume is measured by notional amounts.” For life insurers the

transactionsvolumetendsto be concentrated in bond and interest rate derivatives, asexpected if insurers

®The capital-to-asset ratio is known to be negatively related to size. We control for this
correlation in our probit, Tobit, and Cragg models by including a measure of size as an
exploratory variable.

YFor further information, including year-end totals and counterparty exposure, see
Cummins, Phillips, and Smith (1997).
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are using derivatives to hedge the duration and convexity risk inherent in their balance sheets. Life
insurersalso exhibit considerable activity inforeign exchange derivatives, particularly futures, forwards,
collars, and swaps. Property-liability insurers are most active in foreign currency derivatives but also
trade substantial amounts of bond, interest rate, and equity derivatives. We now turn to the regression
results. In each case, we first discuss the equations capturing the decision to participate in derivatives
markets and then turn to the analysis of the volume regressions.

Multi-Variate Results: Life Insurers

TheTobit and Cragg estimation resultsfor lifeinsurersare presented in Table 4. Thetable shows
Tobit results as well as the probit and lognormal regression models estimated as part of the Cragg
analysis. Two setsof equationsare shown. The second set (presented inthe right hand side of the table)
differs from the first only in its exclusion of some of the insignificant variables. Because the resultsin
the two sets of runs differ only dightly, we focus on the set with the complete list of explanatory
variables, i.e., the set of equations shown in the left hand side of the table.

The Participation Decision. The same variables are statistically significant in the Tobit and
probit models, and the signs of the coefficients of the significant variables are the samein every instance.
This supports our view that the Tobit model is primarily capturing the participation decision and that
Cragg analysisis needed to analyze the volume decision separately. Because of the similarity of the Tobit
and probit results, we provide a generic discussion of the results concerning the participation decision.

There are severa statistically significant variables in both the Tobit and probit models that
support the hypotheses set forth above concerning participation in derivatives markets. Overdl, the
results provide support for the hypotheses that insurers engage in derivative transactions to reduce the
expected costs of financial distress, manage interest rate, exchangerate, and liquidity risk, and minimize
expected tax liabilities. The hypothesisthat derivatives activities are subject to scale economiesis aso
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strongly supported. However, the results provide no support for the hypothesis that the managers of
mutual insurers behave differently from managers of stock insurers.

For amoredetailed analysis, we consider the Tobit and probit modelsin Table4. The capital-to-
asset ratio is highly significant and has anegative coefficient, as predicted. Thisresult isconsistent with
the idea that highly capitalized insurers have less reason to hedge because their probability of incurring
distress costs is relatively low. The distress costs hypothesis is also supported by the broker dummy
variable, which has a significant positive coefficient, as expected if insurers use derivatives to hedge
against potential reputational costs.

The risk-based capital dummy variable has a negative coefficient, suggesting that insurers for
which the risk-based capital rules are binding tend to be less likely to use derivatives than those with
higher risk-based capital ratios. This result is consistent with the interpretation that insurersthat do not
hedge are more likely to encounter financial distress or that insurers approaching the risk-based capital
threshold tend to avoid transacting in derivatives in an effort to reduce regulatory costs.

The coefficients of the proportions of assetsin U.S. stocks, privately placed bonds, CMOs, and
foreign stocks all are statistically significant and positive, as predicted if insurers are using derivatives
to hedge volatility, liquidity, and exchange rate risk. Moreover, higher proportions of reserves in
individua life insurance and annuities and in Gl Cs are also significantly related to a higher than average
likelihood of using derivatives. However, our duration gap measure is not statistically significant,
perhaps dueto thefact that it isonly arough proxy for the duration and convexity risk faced by insurers.

The tax management hypothesis is supported by two significant variables, the dummy variable
for not paying taxesin 1992 and the dummy variable for being in the AMT range of the tax schedule in
1994. Both variables are positive and significant. The sign and significance of the former variable is
consistent with the hypotheses that insurers engage in tax management to avoid losing tax loss
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carryforwards, while the result with the latter variable is consistent with tax minimization by insurers
operating in the convex segment of the tax schedule. However, some cautionisin order ininterpreting
these particular resultsin view of the fact that direct data on tax loss carryforwards and taxable income
are not available.

The hypothesis of economies of scale in derivatives operations is supported by two significant
variables, the logarithm of assets and the dummy variable for firms with at least one effiliate active in
derivatives. Both variables have the expected positive coefficients.

The Volume Decision. The lognormal regression part of the Cragg model provides evidence
concerning what factors, if any, underlie the volume (quantity) decision. Theresultsfromthe lognormal
regression support the hypothesis that the volume of derivatives transactions is positively related to
insurer asset size.

Consistent with the marginal cost hypothesis set forth earlier, the estimation results provide
evidence that, conditional on being in derivatives, firms with more tolerance for risk choose to under-
hedge. For example, firmswith higher leverage (lower capital to assets), tend to have alower value of
derivative activities. The same pattern emerges with other risk measures. The coefficient of the
proportion of assets in privately placed bonds is negative and significant in the volume (lognormal)
regression, whereasit is positive and significant in the participation (Tobit and probit) regressions. This
implies that insurers with high proportions of privately placed bonds are more likely to engage in
derivatives transactions, but engage in lower transaction volumes conditional on the decision to
participate, consistent with our earlier discussion. Moreover, the coefficients on duration GAP, the
proportions of assetsin rea estate and publicly traded CMOs aso are all negative and significant in the

lognormal regression, whereasthese variablesare not statistically significant in the participation models.
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An exception to this genera pattern is provided by the GIC variable, which is positive and
significant in both the participation and the volume regressions. This result may reflect the fact that
purchasers of Gl Cstend to be more sophisticated investors, 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
exposure.

Findly, the “active affiliate” dummy variable is negative and significant in the lognormal
regression, whereasit was positive and significant in the Tobit and probit models. Thisseemsintuitively
reasonable, i.e., conditional on size, if a group’s derivatives transactions are spread among a larger
number of affiliates. The amounts transacted by individual affiliates are likely to be less than if a given
affiliate were the only member of the group engaged in derivatives activity.

Multi-Variate Results. Property-Liability Insurers

The Tobit and Cragg estimation results for property-liability insurers are shown in Table 5. As
above, we first discuss the Tobit and probit models and then turn to a discussion of the lognormal
regression model.

TheParticipation Decision. The Tobit and probit resultsfor property-liability insurers provide
further support for the principal hypotheses discussed above. The capital-to-asset ratio is statistically
significant and negative, consistent with the hypothesis that insurers engage in derivatives transactions
to reduce the expected costs of financial distress. The ratio of actual capital to risk-based capital is
significant and carriesapositive coefficient. Consistent withthelifeinsurer results, thisvariable suggests
that insurers are less likely to use derivatives the closer they are to the risk-based capital threshold.

The hypotheses that insurers use derivatives to manage asset volatility and liquidity risk are
supported by the significant positive coefficients on the proportions of the asset portfolio is stocks and
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real estate, respectively. We aso find support for the hypothesisthat insurers use derivativesto manage
foreign exchange rate risk. The dummy variables for exposure to foreign assets and foreign liabilities
are both significant with positive coefficients, consistent with hedging of foreign exchangeraterisk. The
interaction variable defined as the product of the foreign asset and foreign liability dummy variables has
astatistically significant negative coefficient. This suggeststhat insurers with exposuresin both foreign
assets and foreign liabilities have a natural foreign currency hedge, reducing the need to hedge through
derivatives transactions.

The proportion of premiums written in the commercial long-tail lines (other than products
liability) has a significantly negative coefficient. Thisresult affirms prior findingsin Cummins, Phillips,
and Smith (1997) and isconsistent with theideathat writing commercial long-tail lines providesanatural
hedge for insurers against the duration risk of their intermediate and long-term bonds. The proportion
of premiums written in products liability insurance, on the other hand, has a significant positive
coefficient, suggesting that insurers who are active writers of products liability insurance feel the need
to hedge the volatility inherent in this type of coverage. Such hedges often can be constructed by
transacting in derivatives on the stocks of their insured policyholders.*®

The ceded reinsurance variable isnegative and significant for property-liability insurers, whereas
it was ingignificant in the life insurance equations. The negative sign on this variable is consistent with
the hypothesis that firms that hedge their underwriting exposure have lower overal risk levels and

therefore have less need to pay thefixed costs of entering the market for financial derivatives. Theresult

8For 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 especialy 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
aparticular drug.
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isalso consistent with the finding that insurers appear to hedge products liability risk using derivatives,
because reinsurance would be another way to manage the risk of products liability losses.

The results aso provide support for the tax management hypothesis. The dummy variable, set
equal to 1 if no taxes are incurred in the current year, is statistically significant with a negative
coefficient. Thisimpliesthat insurersthat are not paying taxes do not have a motive to hedge in order
to avoid higher taxes due to the convexity of the income tax schedule. Although one might think that
insurers would hedge to avoid income volatility that might drive their taxable income into the convex
segment of the tax schedule, property-liability insurers have been very successful over along period of
time in hitting their taxable income targets through the use of tax favored investments and the
manipulation of loss reserves (see Grace, 1990, Cummins and Grace, 1994). Life insurers have less
ability to manage their reserves and are taxed under a different section of the tax code than property-
liability insurers. Asaresult, they have been less successful in managing their taxable income through
conventional techniques and, therefore, are more likely than property-liability insurersto use derivatives
transactions to accomplish this objective.

The property-liability models provide further support for the hypothesisthat 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. The unaffiliated
single company dummy variable also hasasignificant positive coefficient, consistent withthe hypothesis
that such insurersforfeit asource of diversification by not being organized asagroup and thus may have
agreater need to hedge through the use of derivatives. Because property-liability insurers experience

more volatility in their losses and income than do life insurers, diversification through operating as an
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insurance group ismoreimportant inthe property-liability insurance industry, leading to the significance
of the variable here whereas it was insignificant in the life insurer models.*

The broker dummy variable isinsignificant in the Tobit and probit models for property-liability
insurers. Thus, the hypothesis that insurers enter derivatives markets in part to protect their financia
reputations with independent distributorsis not supported for this class of insurers. Thisis perhaps not
surprising given that most of the concern about financia reputation and “run on the bank” problems has
arisen in the life insurance market.

The Volume Decision. The lognormal regression model is somewhat less informative for
property-liability insurers than for life insurers. However, the significant positive coefficient on the log
of assetsvariables providesfurther support for the hypothesisthat larger firmstend to engagein ahigher
volume of derivatives usage.

The lognormal model for property-liability insurers also provides additional support for our
hypothesisthat, conditional on being in the derivatives market, firms/managerswith higher tolerance for
risk will demand, ceteris paribus, lower quantities of derivatives due to the marginal costs of hedging.
For example, the foreign liabilities dummy variable is negative and significant in the volume regression
whereas it was positive and significant in the participation (Tobit and probit) regressions. Likewise, the
real estate variable reverses sign and becomes insignificant in the volume regression and the proportion
of assets in stocks becomes insignificant. Several other significant risk variables have opposite signs

and/or become insignificant in the volume regressions in comparison with the Tobit and probit models.

®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 amagjor catastrophe were to wipe out the equity of a subsidiary, the parent insurer would not be
required to post additional capital, unlike the case where the parent insurer were to write the
property insurance policy.
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Thus, although further research is clearly needed into this marginal costs hypothesis, our results provide
some preliminary evidence that this hypothesis may help to explain insurer demand for derivative
securities, conditiona on being participants in this market.
V. Conclusion

In this paper, we formulate and test a number of hypotheses regarding insurer participation and
volume decisionsin derivatives markets. We base our hypotheses on the financial theories of corporate
risk management that have developed over the past severa years. Thetwo primary, and non-mutually
exclusive, strands of the theoretical literature hold that corporations are motivated to hedge in order to
maximize value and/or to maximize the utility of managers. Our results provide support for the
hypothesis that insurers hedge to maximize value. Although we do not find support for the managerial
utility maximization hypothesis, this may be due to the limited information in our data set pertaining to
this hypothesis. For example, we do not have data on commonly used variables such as the proportion
of aninsurer’sstock that isowned by managers or on the presence of stock options and other incentive
featuresin managerial compensation plans. More definitive tests of managerial utility maximization will
be conducted in future work we are undertaking on the derivatives activities of publicly traded insurers.

Severa specific hypothesesare supported by our analysis. Intermsof participationin derivatives
markets, we find evidence that insurers are motivated to use financial derivativesto reduce the expected
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. We also find evidence that insurers use derivativesto
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 insurance
and GIC liahilities. Tax considerations also play an important role in motivating derivatives market
participation decisions by insurers. Finaly, we provide support for the hypothesis that there are
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significant economies of scalein running derivativesoperations. Thus, only largefirmsand/or thosewith
higher than average risk exposure would find it worthwhile to pay the fixed cost of setting up a
derivatives operation.

Interestingly, however, we often find that, conditional on being a user of derivatives, the
relationship between the volume of derivatives activities and these same risk measures often display
exactly the opposite result to those found in the usage regression. We argue that this result is broadly
consistent with the hypothesisthat thereisalso aper unit risk premium associated with hedging and that,
conditional on having risk exposures large enough to warrant participation, firmswith alarger appetite
for risk will be lesswilling than average to pay this marginal cost. Such firms therefore have larger than
average risk exposure (lower than average derivatives positions) vis a vis the sub-group of insurersthat
use derivatives, who themselves may be, on average, higher-risk firms than non-users.

Our conclusion that insurers with higher than average asset risk exposures use derivative
securities has important public policy implications. State regulators are currently considering the
imposition of new restrictions on insurer derivatives transactions. While more work is clearly needed
regarding the net effect of derivatives on the risk profile of insurers, it seems premature to deny access
to this potentially valuable risk management technique. Restricting derivatives could increase risk for
someinsurers now participating in derivatives markets and would reduce the ability of other insurersto
accessthis source of risk management. Thefindingsare also relevant interms of reporting requirements
imposed by stateinsurance regulators, the Financial Accounting Standards Board, and the Securitiesand
Exchange Commission. More detailed and accurate reporting is likely to be beneficial in facilitating
market monitoring of insurer derivatives activities. Such monitoring islikely to be much more effective
than additional regulation in ensuring that derivatives are used to enhance insurance market efficiency

rather than to increase market risk.
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Table 1
Proportion of Insurers Active in Derivatives, by Quartile

Life/Health Property/Casualty
Insurers Insurers
Quartile 1 0.00% 0.24%
Quartile 2 1.00% 3.13%
Quartile 3 7.31% 3.13%
Quartile 4 31.13% 20.14%
All Firms 9.88% 6.67%

Number of Insurers 1,204 1,664




Table 2

Summary Statistics: Derivative Users vs. Non-Users

Life/Health Insurers

Property/Casualty Insurers

Users Non-Users Users Non-Users
Test Test
Standard Standard Statistic: Standard Standard Statistic:

Variable Mean Deviation Mean Deviation m=m, Mean Deviation Mean Deviation m=m,
Total Notional Amount Transacted During the Year (000000's) 1,711.97 7,311.41 299.254  855.496

Log(Total Notional Amount Transacted During the Year) 18.6054 2.7519 17.082 2.716

Log(Total Assets) 21.5961 1.8919 17.5846 2.3763 17.807 20.050 1.756 17.568 1.841 13.769
Percent of Asset Portfolio in Stocks 6.71% 9.79% 7.28% 15.17% 0.397 19.72%  16.17% 9.73% 14.21% 7.090
Percent of Asset Portfolio in Real Estate 9.32% 8.58% 6.07% 11.07% 3.103 2.73% 3.66% 1.42% 3.63% 3.665
Percent of Asset Portfolio in Publicly Traded CMQO's 12.51% 11.26% 7.77% 13.91% 3.594

Percent of Asset Portfolio in Privately Placed Commercial Bonds 8.89% 7.68% 1.97% 5.11% 13.211

Percent of Asset Portfolio in Privately Placed CMO's 0.37% 0.91% 0.06% 0.34% 7.184

Percent of Asset Portfolio in CMO's 5.20% 7.76% 3.98% 8.50% 1.471
Foreign Denominated Liabilities Dummy Variable 0.2101 0.4091 0.0313 0.1743 8.832 0.243 0.431 0.035 0.185 10.051
Percent of Asset Portfolio in Non-US and Non-Canadian Bonds 2.81% 7.86% 0.53% 2.53% 6.840 1.01% 1.67% 0.34% 1.96% 3.486
Percent of Asset Portfolio in Non-US and Non-Canadian Stocks 0.30% 1.54% 0.11% 1.37% 1.460 0.57% 1.57% 0.09% 0.69% 6.179
(Foreign Bonds and Stocks) x Foreign Liabilities Interaction Term 0.55% 1.31% 0.09% 1.72% 2.852 0.36% 1.14% 0.03% 0.29% 8.319
Foreign Asset Dummy Variable 0.667 0.474 0.225 0.418 10.672
Foreign Assets Dummy Variable x Foreign Liabilities Interaction Term 0.162 0.370 0.017 0.131 9.301
Percent of LH Reserves in Individual Life and Annuity Reserves 52.63% 31.43% 47.13%  38.08% 1.520

Percent of Life/Health Reserves in Group Annuities 6.49% 11.28% 1.69% 7.72% 6.098

Percent of LH Reserves in Guaranteed Investment Contracts 5.95% 13.80% 0.37% 3.57% 10.485

Percent of LH Premiums Due to Dividends Used to Purchase Paid-up Additions 21.31% 28.60% 18.72%  32.44% 0.835

Percent of P&C DPW Written in Commercial Long Tail Lines 19.25%  24.82%  29.00%  35.34% 2.857
Percent of P&C DPW in Products Liabiilty 1.35% 6.06% 0.60% 3.58% 2.027
Percent of Premiums Ceded to Reinsurers 13.42% 15.68% 14.27%  21.38% 0.422 31.55% 23.81% 36.82%  28.33% 1.912
Duration Gap 6.8881 3.2654 4.9307 4.4235 4.689 6.379 3.470 4.916 4.101 3.665
Ratio of Preferred Capital Stock + Surplus Notes to Total Assets 0.0052 0.0232 0.0158 0.1129 1.022 0.012 0.041 0.011 0.055 0.144
Capital to Asset Ratio 0.1088 0.0908 0.3343 0.2663 9.182 0.337 0.143 0.420 0.208 4114
Dummy Variable = 1 if the RBC Ratio is Binding 0.0252 0.1574 0.1051 0.3068 2.800

Policyholder Surplus to Risk Based Capital 9.022 9.150 14.141 20.385 2.627
No Federal Taxes Incurred Dummy, Current Year 0.1176 0.3236 0.2700 0.4442 3.638 0.270 0.446 0.340 0.474 1.503
No Federal Taxes Incurred Dummy, Previous Year 0.0588 0.2363 0.1889 0.3916 3.554 0.144 0.353 0.209 0.406 1.628
No Federal Taxes Incurred Dummy, Prior 2 Years 0.1681 0.3755 0.2184 0.4134 1.273 0.234 0.425 0.247 0.431 0.293
Incurred Tax Rate < Alternative Minimum Tax Rate Dummy 0.2269 0.4206 0.2765 0.4475 1.155 0.360 0.482 0.243 0.429 2.767
Mutual Organizational Form Dummy Variable 0.1513 0.3598 0.0673 0.2506 3.301 0.234 0.425 0.214 0.410 0.506
"Pure" Stock Organizational Form Dummy Variable 0.7059 0.4576 0.5991 0.4903 2.270 0.622 0.487 0.540 0.499 1.664
Single Unaffliated Company Dummy 0.0924 0.2909 0.2553 0.4362 3.977 0.189 0.393 0.275 0.447 1.969
Direct Writer Dummy Variable 0.0588 0.2363 0.0618 0.2408 0.126 0.279 0.451 0.188 0.391 2.351
Broker Dummy Variable 0.1176 0.3236 0.0802 0.2717 1.399 0.072 0.260 0.091 0.288 0.688
Affliated Member Active in Derivatives Dummy Variable 0.6218 0.4870 0.0774 0.2674 19.020 0.550 0.500 0.109 0.312 13.699

Note - 1085 Life Non-Users, 119 Life Users; 1553 P&C Non-Users, 111 P&C Users




Table 3
Derivatives Use By Insurers

Notional Amounts for Positions Opened During 1994
Life/Health Insurers, By Type of Risk

Total Notional Amounts (000's)

Underlying Number Standard
Asset/Risk of Users Mean Median Deviation Min Max Total
Part A Transactions - Call, Put, Cap and Floor Agreements Purchased
Bonds 26 503,810 168,200 948,490 50 4,611,100 13,099,100
Commodities 1 4,460 4,460 - 4,460 4,460 4,460
Equities 18 130,120 7,830 407,990 0 1,739,320 2,342,300
Foreign Currency 3 133,240 54,840 140,010 50,000 294,890 399,730
Interest Rates 23 895,490 305,000 1,653,330 1,200 6,500,000 20,596,290
Part B Transactions - Call, Put, Cap and Floor Agreements Written
Bonds 20 528,960 287,150 592,000 10,000 2,000,000 10,579,340
Equities 32 52,290 3,810 204,880 0 1,160,950 1,673,560
Foreign Currency 3 104,780 25,000 150,910 10,500 278,840 314,340
Interest Rates 4 656,000 325,000 843,480 94,000 1,880,010 2,624,010
Part C Transactions - Collar, Swap and Forward Aggreements
Bonds 2 89,250 89,250 126,200 10 178,500 178,510
Commodities 5 12,260 10,140 15,750 810 39,200 61,300
Equities 3 78,820 75,000 20,990 60,000 101,460 236,460
Foreign Currency 23 1,196,550 80,410 3,598,130 10 16,190,170 27,520,690
Mortgages 2 42,470 42,470 24,360 25,250 59,700 84,950
Interest Rates 57 469,380 162,290 1,166,020 0 8,565,720 26,754,770
Part D Transactions - Futures Contracts
Bonds 53 1,170,990 212,140 3,467,420 50 24,089,410 62,062,810
Equities 7 73,140 96,610 70,150 1,030 193,090 512,010
Foreign Currency 3 1,351,240 982,090 1,480,880 89,860 2,981,790 4,053,740
Interest Rates 5 6,865,290 50,650 14,162,470 11,960 32,150,780 34,326,470
Notional Amounts for Contracts Opened During 1994
Property/Casualty Insurers, By Type of Risk
Total Notional Amounts (000's)
Underlying Number Standard
Asset/Risk of Users Mean Median Deviation Min Max Total
Part A Transactions - Call, Put, Cap and Floor Agreements Purchased
Bonds 4 124,110 10,600 233,990 240 475,000 496,440
Equities 39 57,870 5,910 100,430 30 423,610 2,257,230
Foreign Currency 2 73,330 73,330 13,030 64,120 82,550 146,670
Interest Rates 1 212,780 212,780 212,780 212,780 212,780
Part B Transactions - Call, Put, Cap and Floor Agreements Written
Bonds 11 54,580 16,900 90,460 1,000 274,000 600,380
Equities 74 132,400 8,970 755,620 0 6,484,850 9,797,750
Foreign Currency 2 1,857,350 1,857,350 1,005,140 1,146,600 2,568,100 3,714,700
Part C Transactions - Collar, Swap and Forward Aggreements
Equities 3 87,230 94,240 69,610 14,380 153,080 261,710
Foreign Currency 23 345,120 106,030 536,120 280 2,149,410 7,937,830
Interest Rates 7 44,510 15,250 50,770 7,800 150,000 311,580
Part D Transactions - Futures Contracts
Bonds 11 311,110 165,630 312,590 10,180 829,610 3,422,220
Equities 14 282,670 114,100 544,240 620 2,139,240 3,957,480
Foreign Currency 4 84,930 40,510 110,420 9,600 249,100 339,730
Interest Rates 4 486,340 473,310 461,960 7,760 990,980 1,945,380

Note - Total notional amount for equity call/put options calculated as No. of Contracts * 100 * Strike Price
- Total notional amount for bond call/put options calculated as par value of underlying bonds
- Total notional amount reported for futures contract calculated as no. of contracts * futures payoff * strike price



Table 4
Cragg and Tobit Regression Results: Life/Health Insurers

oLs oLs
Variable Tobit Probit Log(Notional) Tobit Probit Log(Notional)
Intercept -145.433 *** -9.218 *** -3.753 -143.487 *** -9.100 *** -3.5633
(6.994) (6.899) -(0.918) (7.067) (7.003) -(0.895)
Log(Total Assets) 5.433 *** 0.336 *** 1.167 **=* 5.361 *** 0.332 *** 1.142 *=
(6.097) (5.712) (6.623) (6.162) (5.792) (6.765)
Percent of Asset Portfolio in Stocks 40.623 *** 2.546 *** -2.856 40.209 *** 2.524 *** -2.766
(2.954) (2.782) -(0.859) (2.932) (2.763) -(0.841)
Percent of Asset Portfolio in Real Estate -8.609 -0.212 -6.435 ** -8.590 -0.219 -6.326 **
(0.600) (0.225) -(2.052) (0.604) (0.236) -(2.036)
Percent of Asset Portfolio in Publicly Traded CMO's -1.155 -0.081 -8.243 *** -0.708 -0.054 -7.918 ***
(0.124) (0.134) -(3.629) (0.076) (0.089) -(3.589)
Percent of Asset Portfolio in Privately Placed Commercial Bonds 37.839 ** 2.442 ** -7.740 ** 37.592 ** 2.421 ** -8.015 **
(2.250) (2.228) -(2.085) (2.283) (2.265) -(2.210)
Percent of Asset Portfolio in Privately Placed CMO's 503.895 *** 36.399 *** 28.251 507.446 *** 36.585 *** 27.282
(3.209) (3.079) (1.166) (3.232) (3.094) (1.138)
Foreign Denominated Liabilities Dummy Variable -0.444 -0.008 -0.137 -0.355 -0.004 -0.120
(0.113) (0.030) -(0.155) (0.090) (0.015) -(0.137)
Percent of Asset Portfolio in Non-US and Non-Canadian Bonds 26.495 1.819 -3.173 26.718 1.850 -2.665
(1.361) (1.208) -(1.100) (1.380) (1.230) -(0.956)
Percent of Asset Portfolio in Non-US and Non-Canadian Stocks 157.343 *** 9.568 ** -4.979 155.364 *** 9.437 ** -3.670
(2.657) (2.501) -(0.328) (2.630) (2.478) -(0.245)
(Foreign Bonds and Stocks) x Foreign Liabilities Interaction Term -92.597 -5.734 9.567 -93.161 -5.757 8.561
(1.347) (1.391) (0.330) (1.351) (1.400) (0.299)
Percent of LH Reserves in Individual Life and Annuity Reserves 9.953 ** 0.641 ** 1.163 9.756 ** 0.635 ** 1.251
(2.176) (2.100) (1.161) (2.158) (2.104) (1.276)
Percent of Life/Health Reserves in Group Annuities 13.819 0.869 0.936 14.215 0.899 1.016
(1.298) (1.241) (0.437) (1.335) (1.290) (0.479)
Percent of LH Reserves in Guaranteed Investment Contracts 22.480 * 2.169 ** 7.219 *** 22.320 * 2.181 ** 7.246 ***
(1.859) (2.037) (3.711) (1.846) (2.048) (3.763)
Percent of LH Premiums Due to Dividends Used to Purchase Paic -6.893 * -0.434 0.396 -7.078 * -0.441 0.450
(1.645) (1.536) (0.525) (1.694) (1.563) (0.605)
Percent of Premiums Ceded to Reinsurers 3.479 0.181 -0.322 - - -
(0.521) (0.408) -(0.217)
Duration Gap 0.348 0.025 -0.213 *** 0.338 0.024 -0.211 ***
(1.040) (1.112) -(2.936) (1.015) (1.093) -(2.954)
Ratio of Preferred Capital Stock + Surplus Notes to Total Assets -24.644 -2.082 3.664 -24.185 -2.062 3.177
(0.732) (0.890) (0.388) (0.726) (0.888) (0.344)
Capital to Asset Ratio -34.045 ** -1.981 * 7.930 * -33.956 ** -1.972 * 7.796 *
(2.134) (1.866) (1.800) (2.133) (1.860) (1.784)
Dummy Variable = 1 if the RBC Ratio is Binding -12.863 * -0.863 * 1.201 -12.521 * -0.837 * 1.273
(1.734) (1.684) (0.843) (1.712) (1.658) (0.905)
No Federal Taxes Incurred Dummy, Current Year 0.361 0.085 0.780 0.161 0.075 0.792
(0.094) (0.326) (0.980) (0.042) (0.288) (1.020)
No Federal Taxes Incurred Dummy, Previous Year -2.191 -0.102 -1.222 -2.049 -0.095 -1.242
(0.543) (0.396) -(1.150) (0.509) (0.369) -(1.185)
No Federal Taxes Incurred Dummy, Prior 2 Years 6.022 * 0.346 -0.662 6.279 ** 0.360 * -0.630
(1.876) (1.630) -(1.023) (1.980) (1.720) -(1.001)
Incurred Tax Rate < Alternative Minimum Tax Rate Dummy 6.196 ** 0.459 ** 0.830 6.320 ** 0.465 ** 0.848
(2.132) (2.326) (1.463) (2.188) (2.374) (1.523)
Mutual Organizational Form Dummy Variable -0.188 -0.027 -0.485 - - -
(0.052) (0.106) -(0.741)
Single Unaffliated Company Dummy 5.644 0.398 * -1.279 5.480 0.387 * -1.174
(1.592) (1.719) -(1.521) (1.561) (1.694) -(1.425)
Broker Dummy Variable 9.868 *** 0.695 *** -0.860 9.959 *** 0.702 *** -0.829
(2.641) (2.808) -(1.231) (2.684) (2.865) -(1.202)
Affliated Member Active in Derivatives Dummy Variable 21.667 *** 1.429 *** -1.220 ** 21.858 *** 1.440 *** -1.082 **
(7.474) (7.877) -(2.175) (7.756) (8.214) -(2.116)
Log Likelihood Function -630.175 -182.501 -630.309 -182.586
Adjusted R-Squared 42.6% 43.4%

Note: Absolute values of t-statistics shown in parantheses

*Signficant at the 10% level; **Significant at the 5% level; **Significant at the 1% level.



Table 5
Cragg and Tobit Regression Results: Property/Casualty Insurers

OoLS
Variable Tobit Probit Log(Notional)
Intercept -147.830 *** -7.189 *** -2.271
(6.625) (7.114) -(0.575)
Log(Total Assets) 5.524 *** 0.265 *** 1.022 ***
(5.354) (5.362) (5.190)
Percent of Asset Portfolio in Stocks 43.586 *** 2.213 *x* 1.108
(4.368) (4.510) (0.577)
Percent of Asset Portfolio in Real Estate 121.293 *** 6.141 *** -9.457
(4.172) (4.439) -(1.509)
Percent of Asset Portfolio in CMO's 20.381 1.029 -2.074
(1.359) (1.369) -(0.728)
Foreign Denominated Liabilities Dummy Variable 18.119 *** 0.916 *** -2.229 **
(3.071) (3.061) -(2.387)
Foreign Asset Dummy Variable 11.054 *** 0.546 *** -0.752
(3.718) (3.760) -(1.408)
Foreign Assets Dummy Variable x Foreign Liabilities Interaction Term -17.476 ** -0.800 ** 1.351
(2.412) (2.107) (1.271)
Percent of P&C DPW Written in Commercial Long Tail Lines -8.486 * -0.401 * -0.726
(1.781) (1.675) -(0.753)
Percent of P&C DPW in Products Liabiilty 54.272 *** 2.565 *** -1.832
(2.684) (2.594) -(0.456)
Percent of Premiums Ceded to Reinsurers -10.937 ** -0.569 ** 0.993
(1.986) (2.028) (1.013)
Duration Gap 0.259 0.013 -0.010
(0.732) (0.717) -(0.140)
Ratio of Preferred Capital Stock + Surplus Notes to Total Assets 43.044 * 2274 * -7.438
(1.741) (1.890) -(1.434)
Capital to Asset Ratio -23.084 ** -1.110 * -1.216
(1.972) (1.896) -(0.425)
Policyholder Surplus to Risk Based Capital 0.165 * 0.008 * -0.019
(1.666) (1.674) -(0.466)
No Federal Taxes Incurred Dummy, Current Year -6.320 * -0.288 * -0.320
(1.945) (1.747) -(0.574)
Incurred Tax Rate < Alternative Minimum Tax Rate Dummy -1.559 -0.077 0.127
(0.530) (0.512) (0.251)
Mutual Organizational Form Dummy Variable -0.647 -0.042 0.510
(0.208) (0.263) (0.986)
Single Unaffliated Company Dummy 17.218 *** 0.864 *** -0.222
(4.486) (4.645) -(0.314)
Broker Dummy Variable -4.173 -0.263 1.852 *
(0.921) (1.143) (1.911)
Affliated Member Active in Derivatives Dummy Variable 23.369 *** 1.199 *** 0.444
(6.837) (7.484) (0.818)
Log Likelihood Function -657.648 -245.114
Adjusted R-Squared 43.4%

Note: Absolute values of t-statistics shown in parantheses
*Signficant at the 10% level; **Significant at the 5% level; ***Significant at the 1% level.



