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1. Introduction

Hedge funds are the most prominent members of the class of financial market participants
referred to by officials and regulators as “highly-leveraged institutions.” This label isindicative of
one of the characteristics of these private investment pools that is of particular concernin the
official community. Hedge funds, unlike mutual funds, are not governed by regulations limiting the
ratio of borrowed to own funds that they can devote to investments.? Some use substantial
amounts of credit. They buy securities and derivative instruments on margin. In some cases, the
famous one being Long-Term Capital Management (LTCM), they negotiate lines of credit with
their banks.

That hedge funds are highly leveraged is at least part of the explanation for why their
activities have attracted attention at the national and international levels. In emerging markets the
fact that a handful of fund managers can access substantial amounts of credit creates concern about
their ability to take large positions and precipitate movements in currencies and securities prices.

In the United States and Europe the all-but-failure of LTCM, whose on-balance sheet leverage

lForthcoming: Journal of Economic Integration. The authors' affiliations are University of California,
Berkeley and Presidential Commission on Policy Planning, Government of Korea, respectively. This paper was
begun while the second author was visiting UC Berkeley. We are grateful to Lee Hennessee of the Hennessee
Group Licfor providing data.

%|n practice, amutual fund’s debts are not allowed to exceed one-third of its assets, limiting on-balance
sheet leverage. The Investment Company Act of 1940 limits the ability of mutual fundsto engage in short sales
and repurchase transactions, and the Securities and Exchange Commission (SEC) strictly monitors and controls
their use of derivatives.



ratio came to exceed 50 in August 1998, created concerns over what such use of leverage implies
for systemic stahility.> The result has been a debate over the desirability of reforms to encourage
prudence in the extension of credit to and the use of leverage by hedge funds. Proposals include
strengthening incentives for counterparty risk management, mandating additional disclosure of
hedge fund positions and credit to counterparties and the public, and imposing regulatory limits on
the use of leverage through the application of capital, liquidity and licensing standards to hedge
funds and/or margin requirements to their investments.*

Unfortunately, progress has been hampered by the very limited information available on the
leverage used by such entities. This problem has three aspects. First, hedge funds are not required
to disclose the leverage they use; disclosure is voluntary, and the meaning of the figures reported
by fund managers, typically in response to industry surveys, is not always clear.> Second, different
funds are known to employ different amounts of leverage, rendering generalizations about this
behavior problematic. Third, anecdotal evidence suggests that the use of credit by highly-
leveraged institutions declined significantly in the wake of RussiaLTCM crisis, which suggested to
fund managers, shareholders and counterparties that the risks of highly-leveraged investment

strategies may have been underestimated.®

3Lowenstein (2000), p.159. U.S. President’s Working Group on Financial Markets (1999) reports one
hedge fund with on-balance sheet leverage above 30 in September 1998. Our inference that the fund in question is
LTCM.

“See U.S. President’ s Worki ng Group (1999), Basle Committee on Banking Supervision (1999, 2000),
and Financial Stability Forum (2000).

5Among the commercial entities that survey the hedge fund industry are the Hennessee Group (whose data
we use below), Hedge Fund Research (HFR), Managed Account Reports Inc. (MAR/Hedge), and Van Hedge Fund
Advisors.

®In the words of M etzger (1999, p.3), “since the troubles of Long Term Capital, many hedge funds, some
voluntarily and others under pressure from their investors or lenders, have decreased their leverage, and refocused

2



In this paper we present new evidence on the use of leverage by hedge funds, on its
determinants, and on how this behavior has changed since the RussiaLTCM crisis. We use
regression techniques to analyze the use of leverage by individual hedge funds and how its use
varies with fund attributes. In addition, we have matching observations for the periods before and
after the Russia-L TCM crisis. Along with enhancing our understanding of the use of leverage by
the hedge fund industry in the past, these findings thus shed light on how changesin the size

distribution of firms and the mix of investment styles may affect it in the future.

2. Definitions

Hedge funds, as private partnerships of high-income investors, are not subject to the
provisions of the U.S. Investment Company Act of 1940. They are not required to incorporate
under state law as corporations or business trusts and are not subject to federal legidative
restrictions on their activities and organization. They are not required to register with the U.S.
Securities and Exchange Commission. This means that there are no legidative or regulatory
restrictions on their use of borrowed funds.

Discussions of hedge funds' use of credit typically focus on on-balance sheet leverage --
that is, on the ratio of assets (or the sum of assets and liabilities) to own capital.” Thisisthe
measure of leverage reported by fund managersto their shareholders and the markets (when they

report any measure at al). But leverage can also arise as aresult of short positions, repurchase

their trading on strategiesthat rely less on leverage.”

"Thisisreferred to as on-balance sheet leverage because assets, capital and liahilities are all balance sheet
items.



agreements, derivatives contracts, and other transactions that do not appear on the balance sheet.
A fund may have engaged in a short sale, for example -- it may have borrowed a security and sold
it, incurring the obligation to repurchase it at the time the contract to borrow it expires -- without
having to put up collateral. (More typically, these exposures are collateralized at current market
value, but when market value changes the borrower may be required to post additional collateral
only with delay.) In the case where afund has put up no collateral, a comprehensive measure of
leverage (summing on- and off-balance sheet leverage) would add this additional liability to on-
balance sheet liabilities. Similarly, a position in derivative securities may imply a liability several
times the value of the initial margin that the trader taking that position must put up with the
counterparty booking the deal without showing up on the balance sheet.

Many of these obligations are contingent liabilities -- that is, their value depends on the
realization in the future of ex ante uncertain variables. In addition, there is the problem of netting
offsetting positions, for example boxed positions (where a fund simultaneously goes long and short
the same number of sharesin a particular enterprise). Because such positions serve to reduce
market risk, counting them when computing leverage can give a misleading impression of the
associated risks. For all these reasons, accounting (balance-sheet-based) measures of leverage may
fail to capture the relationship between the riskiness of the portfolio (including market risk,
counterparty credit risk, and liquidity risk) and the capacity of the fund to absorb losses, what is
often referred to as economic leverage. Measures of economic leverage (such as value-at-risk
relative to net worth), even when they are estimated in house, are only rarely disclosed by hedge
funds to their shareholders or the market. Evidence of its extent is therefore largely anecdotal.

Thus, whereas LTCM s estimated to have had an on-balance sheet leverage ratio of perhaps 50 in



September 1998, observers have conjectured, on the basis of conversations with market
participants, that its economic leverage was substantially higher.

Eichengreen and Mathieson et al. (1998) report the opinions of market participants that the
share of security portfolios that hedge funds were required to hold as collateral (“haircuts’) at the
end of 1997 varied from 50 per cent on equitiesto 1-2 per cent on U.S. treasury bonds, reflecting
the counterparties perceptions of value at risk. They report that haircuts declined over the first
half of the 1990s as hedge funds acquired atrack record of solid performance and counterparties
became more familiar with hedge-fund operations, allowing better-known funds to buy structured
derivative products without putting up any initial collateral. Official studiesthat have revisited
these practices subsequent to the RussiaL TCM crisis (viz. Financial Stability Forum 2000) report
increases in haircuts.

Managed Account Reports Inc. (MAR/Hedge) data for the mid-1990s show that between
60 and 70 per cent of hedge funds acknowledged using leverage while 15 to 20 per cent reported
that they did not (and the remainder did not report). Data gathered by Hedge Fund Research
(HFR) suggest amodest increase in the proportion of funds using leverage over this period.?
Previous analyses of on-balance sheet leverage show that this varies by investment style. Data
gathered by Van Hedge Fund Advisors (reproduced in Y ago, Ramesh and Hochman 1998, p.7)
suggest that at the end of 1997 (that is, prior to the RussiaLTCM crisis) the share of hedge funds
utilizing leverage was highest for macro-oriented funds (those taking positions in currency and
bond markets on the basis of the implications for the returns on these assets of government

policies), arbitrage funds (the category in which LTCM is conventionally placed), and special-

8Data from both sources are reported in Chadha and Jansen (1998), p.36.
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situation funds (which are engaged in merger arbitrage, etc.). It waslowest among hedge funds
investing in distressed securities, a notoriously risky strategy.® While most hedge funds report
using leverage, the vast majority employ aratio of lessthan 2 to 1 (that is, less than a dollar of

credit for each dollar of capital).

3. Policy Issues

The use of leverage by hedge funds was drawn to the attention of policy makers by
volatility in the U.S. bond market in 1993-4, when distress sales by highly-leveraged macro funds
were said to have amplified price volatility. Allegationsto this effect prompted investigations by
the Federal Reserve Bank of New Y ork and the Bank of England and hearings by the Committee
on Banking, Finance and Urban Affairs of the U.S. House of Representatives. Witnesses argued
that macro funds with large long positions funded with margin were forced to deleverage when the
Federal Reserve unexpectedly raised interest rates, causing bond prices to fall, and that this
magnified the impact of Federal Reserve action on the economy. In addition, because these same
hedge funds had long positions in European securities markets, they also sold off some of those
holdings to meet margin calls, transmitting the fall in U.S. securities prices and rise in U.S. interest
rates to European markets more powerfully than would otherwise have been the case (U.S.
Congress, 1994).

With the recovery and growth of hedge-fund capitalization in 2000 and 2001, the

possibility was raised again that hedge fund activities were altering the economy’ s response to

*The Hennessee Group data used here tell the same story, although they do not distinguish funds using no
leverage from funds whose assets were |ess than 200 per cent of capital, making it harder to make equally firm
statements. See Section 4 below.



monetary policy. Thus, Hale (2001) suggested that the tendency for hedge funds to trade more
aggressively and to use more credit and leverage than other investors caused interest-rate cuts to
trandate into larger increases in equity prices and Tobin’s g than has historically been the case.
Concerns about the trade- and position-taking activities of hedge funds have also been
expressed outside the United States. It was alleged in 1997-8 that hedge funds had been able to
take substantial short positionsin Asian markets as a result of the leverage provided by their
counterparties. In Thailand in 1997 they were said to have taken short positionsin the local
foreign exchange market on the order of anywhere from $7 billion (Eichengreen and Mathieson
1997) to $15 hillion (de Brouwer 2001). In 1998 they took large short positions in both the Hang
Seng Stock Exchange (using futures, on which the margin requirement is 5 per cent, as well
exchange-traded and over-the-counter derivatives like options, on which no such requirements
exist) and in the Hong Kong dollar (using forward contracts). The Market Dynamics Study Group
(MDSG) of the Financia Stability Forum (2000) reports data assembled by the Hong Kong
regulatory authorities indicating that hedge fund positions accounted for at least 50 per cent of the
short open positions on the Hang Seng in the summer of 1998.° There followed complaints that
hedge funds had cornered and manipulated the market in the Australian dollar (Rankin 1999)
which were also picked up by the MDSG. Both episodes thus fueled complaints that hedge funds,
using leverage, were manipulating and destabilizing conditions in emerging financial markets.
Worries about hedge fund leverage peaked with the collapse of Long-Term Capital

Management late in the summer of 1998. LTCM had begun trading in 1994 as a relative value

T otal positions may have exceeded identified positions insofar as hedge funds disguised their trades by,
inter alia, booking them through third parties who held their beneficial interest.
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fund with a portfolio of U.S. treasury securities and related derivatives. The market in U.S.
treasuries being relatively efficient, price discrepancies were small, and the firm required large
amounts of credit and highly leveraged positions in order to achieve an attractive return on
capital.™* It used collateralized credits from its counterparties in transactions in stocks, bonds and
derivative instruments and an uncollateralized credit line from a syndicate of international banks.
Estimates of LTCM’sleverage in itsfinal pre-reorganization days suggest that the firm had less
than $1 billion in capital to offset positions in securities worth $120 billion and derivatives with a
notional value of $1.3 trillion.? As the fund approached insolvency, fears arose that the forced
liquidation of its positionsin U.S. securities markets might add dangerously to the volatility of
aready volatile financial markets.®® These fearsin turn led to the New Y ork Fed-orchestrated
rescue of LTCM and the takeover of the fund by 14 of its leading creditors.

Thus, to a considerable extent the policy debate about the implications of hedge fund
operations for systemic stability and market integrity revolves around their use of leverage. It isto

amore systematic analysis of thisissue that we now turn.

Hasit grew, the fund also diversified into a variety of related and unrelated relative value (and other)
trades.

\Wolffe (1998), p.15. IMF (1998) estimates that in the final days of the crisis (on 23 September 1998)
LTCM’s capital had fallen to just $600 million, which still supported on-balance sheet positions in excess of $100
billion. To be sure, these figures reflect the crisis-related erosion of the fund’ s capital, which under normal
conditions had been in the range of $5 hillion, together with the reluctance (some would say inability) of its
management to liquidate assets at fire-sale prices.

Had LTCM been forced to file for bankruptcy protection, repurchase and reverse repurchase agreements

containing acceleration clauses would have permitted its creditors to immediately sdll the underlying securities,
since derivatives are exempt from the automatic stay provision of the bankruptcy code (Edwards 1999).
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4. Data

Our data are drawn from the annual survey of hedge fund managers conducted by the
Henneessee Group, a firm providing advice and analysis to hedge fund managers and investors.
We have the returns to two surveys, one conducted in January 1999 and one conducted in January
2000.** The January 1999 survey contains information on 226 management companies responsible
for 647 hedge funds, which include all the major investment styles, while the January 2000 survey
has responses from 192 management companies covering 634 hedge funds. The respondentsto
the first survey collectively managed some $108 hillion of the estimated $210 billion invested in the
hedge fund industry in 1998 and include, according to the surveyors, the mgjority of the most
important firms. The respondents to the second survey manage $101 billion of the estimated $324
billion of capital invested in the industry.™

Each manager provided the name of his largest fund, described its investment style, and
enumerated various of its other attributes. Both surveys included questions about leverage. The
January 1999 survey inquired into the maximum amount of leverage utilized in 1998. Since the
use of leverage declined after the Russia-L TCM crisis, this maximum almost certainly obtained
prior to that event. The question was worded as follows. “What is the maximum amount of
leverage your fund(s) utilized in 1998 (stated as a percentage of L.P. capital)?’ Boxeswere
provided for “Under 200%,” 200%, 300%, 400%, 500%, 600%, 700%, 800%, and “Other ___ %.”

The same question was asked in January 2000, accompanied by more detailed instructions

1 Hennessee Group (1999, 2000). Otherwise undocumented information in this section is drawn from
these publications.

>The funds surveyed did not include funds of funds, which would have introduced double counting.
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for respondents.®® “What is the maximum amount of leverage (as defined by the Hennessee
Group): portfolio gross exposure (as a % of L.P. capital) above the first 100% of L.P. capital in
your fund equals your leverage...Include the notional value of derivatives on the gross long and
gross short side. Sum the gross longs with the gross shorts and subtract L.P. capital assets (e.g.
50% gross long and 50% gross short would have 0% leverage...”*” In addition, the January 2000
survey breaks the “Under 200%” category into “none” and “101-200.”*®

This change in survey methodology between the two years complicates the comparison of
the two sets of returns. While the January 1999 survey does not include a separate box to be
checked by funds that do not use leverage, a number of managers took the availability of a box
labeled “other” to record zero. (Other managers recorded figuresin excess of 800 per cent.) This
suggests two ways of comparing the surveys. Assuming that all managers whose funds did not
utilize leverage in 1998 recorded a zero and that al entriesin the “Other” category therefore
denote leverage ratios above 800 per cent, the two surveys can be compared directly.”® But if
some managers whose funds did not use leverage in fact responed by checking the “Under 200”

box, it is safer to combine the zero and Under 200% observations from January 1999, and the zero

®The survey conducted in January 1999 also includes a question about intent -- “Do you plan to use more,
less or the same leveragein 19997 -- with which retrospective descriptions of actual behavior can be compared.
According to this survey, 4 per cent of managers anticipated using more leverage, while 10 per cent anticipated
using less (the remainder anticipated using the same).

YTheinstructions go on, “Exclude boxed positions (long 1000 XY Z shares; short 1000 of XY Z) but
include all pair trades or relative value tradesin long and gross short total. (Check only one.)”

8\hile the answers are tabul ated in the same way in the two surveys (and the meaning of the questionsis
the same), the 1999 survey asks whether maximum leverage was under 200%, 200%, 300% and so forth, while the
2000 survey asks whether it was none, 101-200%, 201-300%, etc. Although the wording is dightly different, aside
from breaking up the no-and-low leverage category into two, the meaning is the same.

Y mplicit in this procedure is the further assumption that entriesin the “Under 200%" box indicate
leverage ratios of 101% to 200%
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and 101-200% observations from January 2000. We report results using the January 1999 survey
(of behavior in 1998) under both procedures; it turns out that the results are broadly similar in both
cases. The unadjusted data for 1998 we refer to as“Leverage 1.” These are shown in Table 1.
Note that the results are displayed as intervals rather than point estimates, following the Hennessee
Group’s practice in its own reports. The aternative, combining the zero and “Under 200%"
responses and denoted “Leverage 2,” is shown in Table 2, with the analogous data for 1999 in
Table 3. Note that both measures consist of nonnegative integers.

In the empirical model that follows, we will relate maximum use of leverage to each fund's
investment style, portfolio characteristics (its size, return on assets, hedge ratio, offshore ratio),

and regulatory status. Summary statistics for these characteristic are shown in Table 4.

5. Estimation
Our dependent variable, maximum leverage, is an ordered discrete variable. While

underlying leverage is continuous, what was obtained through the surveys were responses falling
within intervals. From Tables 1-3 it is evident that the smaller the value of this variable, the higher
in general isitsfrequency. Itsdistribution is skewed to the left; one cannot simply assume that it
was generated from the normal distribution. For both reasons we can improve on least squares by

using an estimator that accounts for these characteristics.

2To guestions such as “Are you a broker-dealer” or “Are you a commodity pool operator” we took no
response to indicate ano. Where respondents provided the components of the answer to a subsequent question but
did not also answer the subsequent question (for example, where they provided total assets and onshore assets but
did not supply the share of offshore assetsin the total), we constructed the answer to the subsequent question on the
basis of the preceding information. We proceeded in similar fashion where respondents provided total and offshore
assets but not onshore assets. In afew cases where managers did not provide the value of assets, the return on
capital or the hedge ratio, we imputed these on the basis of the average for reporting funds with the same
investment style.
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Since our measure of leverage is assigned to categories indexed by zero and positive
integers, its distribution resembles those that are frequently found in count data.®* Count data has
characteristics similar to those of our dependent variable, namely, discrete observations, a
preponderance of zeros, and higher frequencies at lower values. Count data models are used not
only for counts that arise from direct observation of point processes but also for those that arise
from the ordinalization of continuous latent data, for instance individual or country credit ratings.
That isto say, they are used with data like those considered here.

A standard model for count data is Poisson regression, which is derived from the Poisson
distribution by allowing the intensity parameter 1 to depend on covariates. If this dependence is
parametrically exact and involves exogenous covariates but no other source of stochastic variation,
we obtain the standard Poisson regression. This assumesthat y;, given the vector of regressors X;,

is independently Poisson distributed with density

Yi

e‘M
f(y[X) =y—_‘|" V=012, ..

and mean parameter
u=exp (X’f)

where # isaparameter vector. Thisimpliesthat the conditional mean and conditional variance
are given by:

ElyIXi] =V Iy Xi] =exp(X"p)

210ther applications where count-data model s have been used include doctor’ s visits, airline accidents,
patent registrations, and bank failures. See Cameron and Trivedi (1998).
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The model therefore assumes equi-dispersion, that is, the equality of conditional mean and
conditional variance. Maximum likelihood can then be used to estimate the parameter vector £.
The assumed equality of the conditional mean and variance functionsis a limitation of the
Poisson model. In practice, count data frequently display over-dispersion, which means that the
conditional variance is larger than the conditional mean. Our measure of leverage in fact has a
mean larger than its variance. Severa alternatives have been suggested to accommodate this fact,
the most common of which is the negative binomial model. This assumesthat the datais Poisson
but that there is an unobserved individual heterogeneity reflecting the fact that the true mean is not

perfectly observed.

p=exp (X" p+e),

The unobserved heterogeneity term v, = exp(e;) could reflect a specification error such as
unobserved omitted exogenous variables. For mathematical convenience, v, is assumed to have a
gamma distribution g[v; ] with E[v]]=1, and V[v]=«. Then the unconditional (or marginal)
distribution of y,, h (y; | X;) isthe expected value (over v;) of the distribution of y, conditioned on

X;and v, f(y;|X;, V), whichisthe Poisson distribution. By implication:
h(y 1X) =] f(% 1%, %) gv)dy

Finally, we can obtain a form of the negative binomial distribution:

o Tatry (et Y u Y
h(y'IX')_F(a_l)l"(y+1)(a_1+,u] (ﬂ+0{‘1]
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where I'(") is the gamma function. The distribution h(*) has conditional mean . = exp(x,) and
conditional variance p + ap® The model based on this distribution is commonly referred to as
"NB2." Now the varianceis no longer equal to the mean. «, which is a determinant the variance,
isto be estimated, so that model can handle the under- or over-dispersion problem.
An alternative is to use the ordered probit model. Ordered discrete-choice models, of
which thisis an example, treat the data as generated by a continuous unobserved latent
variable, which on crossing a threshold leads to an increase of one in the observed variable.

The ordered probit model introduces a latent (unobserved) random variable

Yi= XiB+é;
where £isN[0,1]. The observed discrete variable y; is generated from the unobserved y* as:

yi=j ifoj< yi <@y, J=0,--,m
Ry =Prly; = |
=Pl <y; <y
=Prloj - X{B <& <aj,y— X/ Bl
=D(aj,q - Xi,ﬁ)_q)(aj - XiB)

where @( - ) isthe standard normal cdf, and oy = -9, ¢,,,, = . Typically fand o, . . .0,

are estimated by maximum likelihood. In our case, the dependent variable is derived from a

laten continuous variable. This suggests using an ordered probit model.
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6. Reaults
Table 5 reports the results for the first (pre-LTCM) survey using our two measures of
leverage. Inthe count data model, the coeffients do not have the same meaning as in the linear

regresson model. Consider the expotential condition mean of the Poisson model:

Ely|X]=exp(X'8).
Let the scalar x, denote the ™ regressor. Differentiating:
oE[y|X]/0x = Bexp(X'B)
= BELYIX]

=5y

Thus, aone unit change in the j*™ regressor increases the expectation of y by approximately B, times

mean of y. Therefore, in the Poisson model, f; y has the same meaning as f; in the linear regression

model.

Neither the signs nor the magnitudes of the coefficients are particularly sensitive to how the
equation is estimated or leverage is measured, although levels of statisical significance vary. We find
that arbitrage, market-neutral and fixed-income funds (" Style 1 funds"), which are regarded by
managers and shareholders as low risk, use high levels of leverage, relative to growth, opportunistic,
distressed, value, event, financial, and short funds, which are the omitted alternative. According to
the Poisson regression using Leverage 1, a coefficient of 0.77, together with a mean of the
dependent variable of 1.52, impliesthat Style 1 funds use 117 per cent more leverage than other
funds. Thereisaso some evidence pointing in this direction for emerging market, Latin America,

Pacific Rim, international and macro funds (" Style 2 funds"), but the coefficient for this category is
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smaller and only differs significantly from zero in some of the equations. The point estimates suggest
that such funds use about 52 per cent more leverage (0.37 * 1.52) than those in the omitted-
aternative category. Even after controlling for other characteristics, then, we find that leverage
varies by investment style.

There are strong indications that larger funds (measured by the value of assets) use more
leverage and somewhat weaker evidence that funds that are less hedged (measured by the difference
between maximum long and short positionsin the calendar year, in absolute value terms) and that
have more offshore assets use less leverage.

We also find that fund companies registering with the Securities and Exchange Commission
as commodity pool operators and broker-dealers are significantly more leveraged than other hedge
funds. Thereisalso some indication that Registered Investment Advisors (RIAs) and 3C7 funds use
less leverage, though it isless robust. Recall that broker-dealers and RIAs are subject to
registration, recordkeeping, and reporting requirements under the Commodity Exchange Act. It has
been argued that greater disclosure to counterparties, regulators and the public will discourage
excessive use of leverage, since risky practices are less likely to take place in the light of day. Thisis
not what we find. It could be that other characteristics of these funds offset any tendency for more
stringent disclosure and reporting requirements to reduce the use of leverage; thisis most obviously
true for broker-dealers, who play important roles as market makers and liquidity providers and
frequently have boxed positions which reduce economic risk. However, the absence of evidence that
other funds required to report additional information to regulators use less leverage (whether it
suggests greater use of leverage as in the case of CPOs, or no difference as in the case of Registered

Investment Advisors) casts doubt on this presumption.
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The results are broadly similar for the second survey (after LTCM) in Table 6, not
withstanding some differences. The general direction of these changes can be anticipated from the
fall in the mean value of the dependent variable (Leverage 1), which is 1.52 in the first survey and
0.94 in the second.? 1t is not the case, however, that these changes are evenly distributed. After
LTCM, thereisatendency for larger hedge funds to use less leverage, which is the opposite of the
pattern found for the previous period. Thisis consistent with press reports of larger hedge funds
turning to less risky strategies after the crisis. Any tendency for broker-dealers and Registered
Investment Advisorsto use more leverage than other fundsis now weaker. In addition, the constant
term and the dummy variable for investment style 1 is smaller than in the earlier survey (compare
Table 5). The smaller constant term indicates a tendency for all hedge funds, regardless of
investment style, to reduce their leverage after the LTCM crisis. The smaller coefficient on
Style 1 indicates in addition a tendency for funds with investment styles generally associated with
high leverage to reduce their use of credit disproportionately following the crisis.

We can test for structural change between the two years with alikelihood ratio test.

If L, isthe value of the logarithm of the likelihood of the unconstrained model and L, is the value
when the constraints are imposed, then the statistic for the likelihood ratio test is 2(L,-L).” The
likelihood ratio statistic is distributed asymptotically as a chi-squared variable with degrees of

freedom equal to the number of constraints.

25 mil arly, the share of funds reporting that they had asset/capital ratios of 200 per cent or less rose from
74 per cent to 89 per cent between surveys.

% |t is always positive (or zero) since the likelihood of the unconstrained model is at least as high as that
of the constrained mode.
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We test four null hypotheses. First, al coefficients (including the constant) are
unchanged. Second, the effects of investment style (Stylel, Style?) are unchanged. Third, the
coefficients on the management characteristics (assets, returns, hedge ratio, offshore ratio) are
unchanged. Fourth, the coefficients on regulatory status (dedler, cpo, advisor, 3C7 fund) are
unchanged.

Theresultsarein Table 7. The null that all coefficients remain unchanged is
rejected at the 1% confidence level. Clearly, there were important structural changes
in leverage behavior. Tests of the other hypotheses are sensitive to how leverage is measured
and the equation is estimated. Four of the six test statistics suggest that regulatory status
meattered for the decline in leverage, suggesting that more intense regulatory scrutiny may have
been part of this process.

Finally, we can decompose the decline in leverage into that part due to changesin
behavior and that part due changes in its determinants (into the parts attributable to changesin
the coefficients and the value of the independent variables). Using the results obtained from
estimating the ordered probit model, we can distinguish the sources of the decline in the sample
mean, following the method of Oxaca. Let:

y': Leveragein 1998

y? : Leverage in 1999,
where the superscripts 1 and 2 denote year of 1998 and of 1999 respectively. y*and y? can be
expressed as:

N

V2= 92+ &
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where §'' and §** denote predicted leverage in 1998 and 1999, and the e’s are error terms.

§=F(X; B.a")

572 =F(X; BaY

where F (') is the function of ordered probit model, and X, g and & are the determinant matrix
and estimator vectors of coefficient and threshold point respectively. The change in the sample
mean of leverage can be expressed as:

E(y')-E(y")={E(F" )-E(F**)} +{E(e)-E(e")}

To apply the Oxaca decomposition, we introduce the term E(3*'), where
yI=FX flah

y*! thus denotes the leverage predicted by the values of the independent variables in 1999,
assuming that the coefficients remained unchanged at their 1998 levels. Adding and subtracting

E(3*') and rearranging yields:

E(y)-E(y)={EF")-EF*)}H{EQF*)-EF*)} +{E(e")-E(e?)}

The first term on the right-hand side is the contribution to the decline in leverage of the
change in its determinants (the X’s). The second term is the contribution of the change in the
coefficients (the & and s ). The last term is the decline due to the unobservable (e).

Table 8 shows that the change in the independent variables accounts for only two per

cent of the decline in the sample mean (of Leverage 1), while the change in the coefficients
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accounts for 56.5 per cent of the decline. The remaining 41.5 per cent is explained by the
unobservable. For Leverage 2, the change in the coefficients accounts for 70.0 percent of the
decline in leverage, while the change in the determinants works in the other direction. Both
measures thus suggest that the decline in leverage is aresult of the change in the behavior and

practices determining its use rather than unchanging behavior but changing conditions.

7. Conclusions

In this paper we have analyzed the determinants of hedge funds' use of leverage in 1998
and 1999 -- roughly speaking, before and after the LTCM crisis. Our analysis has confirmed the
widely noted tendency for hedge funds to reduce their use of leverage and credit following the
Russia-LTCM affair. In addition, we have shed light on the determinants of the use of leverage by
different kinds of funds and pinpointed the sources of its post-LTCM decline. We have shown that
use of leverage varies by investment style, regulatory status, and other individual fund
attributes. It is those funds whose investment styles, regulatory status and other attributes were
associated with the greatest use of leverage in 1998 that reduced their reliance on it
most dramatically in 1999. The reduction in leverage reflected not changes in determinants of
leverage — the mix of investment styles, fund sizes, and regulatory status — as much as changes in
behavior, given those characteristics. It is clear that fund managers and counterparties better
recognized the risky nature of highly-leveraged positions as a result of the collapse of LTCM and
adjusted their behavior accordingly. Whether that change proves permanent or temporary only

timewill tell.
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Table1l. Maximum Leverage Before LTCM Crisis, Measure 1

Choice Leverage 1 Number Share
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Number of observationsfor leverage: 207.

Source: seetext.
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Table 2. Maximum Leverage Before LTCM Crisis, Measure 2

Choice Leverage 2

Number

Share

Under 200%
200%
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Number of observationsfor leverage: 207.

Source: seetext.
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Table 3. Maximum L everage After LTCM Crisis

Choice Leverage Number Fraction
1
None 0 60 33.2%
101-200% 200% 1 101 55.8%
201-300% 2 11 6.1%
301-400% 3 0 0.0%
401-500% 4 5 2.8%
501-600% 5 1 0.6%
601-700% 6 0 0.0%
701-800% 7 1 0.6%
801-900% 8 2 1.1%
Over 901% 9 0 0.0%

Number of observationsfor leverage: 181.

Source: seetext.
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Table 5
Determinants of Leverage Before LTCM

Leverage 1 Leverage 2
Ordered Poisson NB2 Ordered Poisson NB2
probit probit
p p By p Py p p Py p Py
Constant 0.676 | -0.086 0.086 -1.363 | -1.977 -2.090
Style 1 1.160 0.767 1.166 0.767 1.166 1.255 | 2.032 1.321 2.059 1.338
Style 2 0.291 0.372 0.519 0.372 0.519 0.617 | 1.493 0.970 1.364 0.887
Assets 0.139 0.063 0.096 0.063 0.096 0.120 | 0.091 0.059 0.109 0.071
Return 0.001 | -0.001 -0.001 0.001 -0.001 -0.001 | -0.006 -0.004 -0.004 -0.003
Hedge 0.001 | -0.001 -0.001 0.001 -0.001 -0.001 | -0.002 -0.001 -0.000 0.000
Offshore 0.000 0.000 0.000 0.000 0.000 -0.001 | -0.000 -0.000 -0.000 -0.000
Dealer 0.815 0.595 0.904 0.595 0.904 0.888 | 1.125 0.731 1.008 0.655
CpPO 0.683 0.516 0.784 0.516 0.784 0.598 [ 0.979 0.636 1.013 0.658
Advisor -0.070 | -0.150 -0.228 -0.150 -0.228 -0.146 | -0.524 -0.341 -0.323 -0.210
3C7 fund -0.149 | -0.173 -0.263 -0.173 -0.263 -0.085 | -0.375 -0.244 -0.209 -0.136
o 0.000 1.106

Notes: Values in bold are significant at the 5% level.
o is a determinant of conditional variance.
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Table 6

Determinants of Leverage After LTCM

Leverage 1 Leverage 2
Ordered Poisson NB2 Ordered Poisson NB2
probit probit
p p By p Py p p Py p Py
Constant 0.300 | -0.040 -0.058 -1.935 | -3.153 -3.327
Style 1 0.475 0.614 0.577 0.610 0.573 1.662 | 3.832 1.073 3.815 1.068
Style 2 0.561 0.577 0.542 0.574 0.514 1.334 | 3.637 1.018 3.308 0.926
Assets -0.069 | -0.104 -0.098 -0.097 -0.091 -0.287 | -0.865 -0.242 -0.670 -0.188
Return -0.002 | -0.001 -0.001 -0.001 -0.001 0.001 0.004 0.001 0.001 0.000
Hedge -0.000 | -0.003 -0.003 -0.002 -0.002 -0.005 | -0.015 -0.004 -0.012 -0.003
Offshore -0.004 | -0.001 -0.001 0.001 0.001 -0.001 | -0.006 -0.002 -0.005 -0.001
Dealer 0.314 0.195 0.183 0.188 0.177 0.560 | 0.628 0.176 0.541 0.151
CPO 0.135 | -0.097 -0.091 -0.080 -0.075 -0.015 | -0.949 -0.267 -0.306 -0.086
Advisor -0.033 | -0.197 -0.185 -0.181 -0.170 -0.168 | -0.744 -0.208 -0.521 -0.146
3C7 fund -0.324 | -0.407 -0.383 -0.396 -0.372 -0.420 | -1.330 -0.372 -1.112 -0.311
o 0.105 2.669

Notes: Values in bold are significant at the 5% level.
o is a determinant of conditional variance.
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Table 7

Likelihood Ratio Tests: P-values

Null hypothesis
(no change in
the following Leverage 1 Leverage 2
coefficients)

Ord. Probit Poisson NB2 Ord. Probit Poison NB2
All 0.000 0.001 0.002 0.009 0.000 0.005
Investment Style 0.061 0.434 0.439 0.443 0.080 0.159
Management Type 0.159 0.432 0.454 0.419 0.007 0.189
Regulatory
Characteristics 0.332 0.052 0.069 0.507 0.001 0.188

Source: see text.
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Table 8

Decomposition of Sources of Decline in Average Leverage

Leverage 1

Leverage 2
E(y")-E(y%) 0.577 100% 0.371 100%
EG52)-E(5) 0.012 2.0% -0.040 -10.8%
EG52)-EG?) 0.326 56.5% 0.260 70.0%
E(e')-E(e?) 0.239 41.5% 0.152 40.9%

Source: see text.
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