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Abstract

We study hedge fund trading in the stock market during the financial crisis of 2007-2008 and the
surrounding years. We find that in the two quarters around the Lehman collapse (2008Q3-Q4) hedge
funds reduced their equity holdings by about 29%, with nearly every fourth hedge fund cutting more than
40% of its equity portfolio in each quarter. We identify two main drivers of this behavior. First, in line
with the presence of severe funding constraints, investor withdrawals and lender pressure account for
about 78% of equity selloffs. These constraints are more binding for funds with low restrictions on
investors’ liquidity, and funds with low bargaining power vis-a-vis their brokers. Second, it appears that
hedge funds reallocate capital to either cash, in an attempt to time the stock market, or other markets, in
pursuit of more profitable investment opportunities. Finally, we find evidence for flight to quality
(selloffs of high-volatility stocks) and static liquidity management (selloffs of high-liquidity stocks),
which are consistent with distress selling driven by funding constraints.

" We thank Viral Acharya, Giovanni Barone-Adesi, Vyacheslav Fos, José-Miguel Gaspar, Massimo Massa, Ronnie
Sadka, René Stulz, Dimitri Vayanos, and seminar and conference participants at the Ohio State University, the ond
Annual Conference on Hedge Funds in Paris, the 3" Erasmus Liquidity Conference, the Wharton/FIRS pre-
conference, the FIRS conference (Florence), and LUISS University (Rome), for helpful comments.



1. Introduction

With over $2.5 trillion of assets under management in mid-2007 (source: Hedge Fund
Intelligence), hedge funds were prominent players in the investment industry at the eve of the
recent financial crisis. A full account of the dramatic events that shook financial markets starting

in 2007 cannot, therefore, abstract from the role played by these important actors.

In this paper, we study hedge fund trading behavior in the U.S. stock market in years
surrounding the financial crisis of 2007-2008. While our attention falls largely on the crisis
quarters, we start the analysis in 2004, to contrast the crisis time to a period of relative calm and
expansion in financial markets, and track hedge funds’ trading until the end of 2009. As a
preview of our main stylized fact, Figure 1 plots the fraction of U.S. market capitalization held
by pure-play hedge funds. The vertical lines denote quarters of special market stress: the ‘Quant
Meltdown’ (2007Q3, see Khandani and Lo 2009) and the collapse of Lehman Brothers
(2008Q3). The figure shows dramatic declines in hedge fund holdings around these events. The
main goal of the paper is to understand the forces that drove hedge funds out of the equity market
during this critical period. Furthermore, acknowledging that there is heterogeneity across hedge
funds in their trading motives and consequent behavior during the crisis, we also investigate the
fund characteristics that are more likely associated with selloffs, such as the extent of the
restrictions to fund investors’ liquidity. Finally, focusing on the stock level dimension, we study

the characteristics of the stocks that hedge funds were more likely to sell during the crisis.

Theoretical guidance for our analysis comes from the observation that, at times of crisis,
the balance of incentives that hedge funds face shifts. While in normal times hedge funds are
commonly thought of as liquidity providers (e.g., Agarwal, Fung, Loon, and Naik 2007, Aragon
2007, Khandani and Lo 2009, Sadka 2010), scholars have postulated the existence of limits-to-
arbitrage during crises (Shleifer and Vishny 1997, Gromb and Vayanos 2002, Vayanos 2004, and
Brunnermeier and Pedersen 2009). In particular, in bad times, arbitrage capital becomes more
expensive, raising arbitrageurs’ cost of liquidity provision (Brunnermeier and Pedersen 2009,
Aragon and Strahan 2010). On the other hand, the occurrence of liquidity dry-ups simultaneously
across asset types (Boyson, Stahel, and Stulz 2008) provides an incentive for unconstrained

arbitrageurs to reallocate capital towards more attractive investment opportunities.



We analyze hedge fund behavior using data from 13F mandatory equity holdings filing
together with a proprietary hand-matched list of hedge funds, and combined with hedge fund
characteristics data (from TASS). We report that hedge funds exited en masse the stock market
as the crisis evolved. Specifically, hedge funds reduced their equity holdings by about 5% in
each of the third and fourth quarters of 2007, and by about 15% in each of the third and fourth
quarters of 2008." Incidentally, we show that other institutional investors (excluding mutual

funds) and retail investors took the other side of hedge fund trades.

Since we do not observe hedge fund short equity positions, we rely on the conjecture that
most short selling is performed by hedge funds (in support of this claim, see also: Goldman
Sachs, 2010). We document a decline in the overall short interest reported by the exchanges in
these four quarters (partly driven by the short selling ban in October 2008). While closing short
positions may pour liquidity into the market, we show that there is only little overlap between the
stocks that were sold by hedge funds and those bought when short interest declined. Thus, the
selloffs by hedge funds and the reduction in short interest did not compensate each other in terms

of liquidity provision.

Next, we investigate the determinants of the equity selloffs by hedge funds. From the
perspective of the balance sheet of a hedge fund, the decline in U.S. equity holdings must be
matched by a combination of a drop in the assets under management (redemptions), a decrease in
debt (deleveraging), or an increase in investments in asset classes other than U.S. equity
(including cash). While this accounting identity guides some of our empirical analysis, i.e., on
the role played by redemptions, it cannot help us with the remaining channels as we do not
observe the time series evolution of leverage and of other investments made by hedge funds. To
overcome this issue, we exploit cross-sectional variation in characteristics to identify the
economic motives of hedge fund behavior. Specifically, we assume that among the exiting funds
those with higher leverage are more likely to suffer from margin calls or to hit the limits set by
risk management models. That is, they are likely to be forced to deleverage. Also, we assume

that funds that exited the market during the crisis only to increase drastically their positions in

! These figures translate to an exit of 0.2% of total market capitalization in each of the third and fourth quarters of
2007, and to 0.4% of total market capitalization in each of the third and fourth quarters of 2008. This is a lower
bound estimate as our sample is restricted to pure-play hedge funds. Hence, it excludes many of the large investment
houses that provide other investment services beyond hedge funds.



the following quarter were following market timing strategies. Finally, we postulate that, among
the selling funds, those that belonged to non-equity-focused styles (e.g., fixed income arbitrage,

global macro, managed futures) were more likely to divert resources to other asset markets.

Our results suggest that each of the above-mentioned channels had a significant impact
on hedge funds’ actions during the crisis. First, we find evidence that funding constraints in the
form of redemptions and forced deleveraging explain about 78% of hedge fund equity sales
during the crisis. We view this set of findings as consistent with Shleifer and Vishny (1997),
Gromb and Vayanos (2002), Vayanos (2004), and Brunnermeier and Pedersen (2009) and others,
who suggest that there can be limits to arbitrageurs’ ability to provide liquidity, especially during
periods of market tension when capital becomes more expensive. Second, we present a set of
results suggesting that some hedge funds reallocated part of their capital away from the equity
market to other asset types (including cash). Specifically, we find significant evidence of market
timing and of sales by non-equity-focused hedge funds. Also, exiting hedge funds earned higher
total returns for at least two quarters starting from the selloff quarters (Q3/Q4 of 2007 and Q3/Q4
of 2008). Because we control for the return on the equity portfolio, this result suggests that they

reallocated capital towards other investment opportunities outside the stock market.

Then, we focus on the hedge fund characteristics that are more highly correlated with the
selloff channels described above. As expected, crisis selloffs caused by redemptions were more
likely for liquid funds (i.e., those with short lockup period, redemption notice, and redemption
frequency). Consistent with the margin call interpretation, crisis selloffs related to high leverage
were more likely for small, young hedge funds, and for those with poor past performance. These
funds had arguably lower bargaining power vis-a-vis their brokers. Market timing during the
crisis was adopted by liquid, young, highly levered funds, with very volatile returns. Finally, the
funds that likely sold to invest in other assets were bigger, more levered, highly liquid, and had
poor past performance. The last two pieces of evidence suggest that, even when redemptions did
not actually occur, the threat of redemptions (as proxied by low restrictions to investors’

liquidity) caused funds to quickly reallocate their portfolio away from equity during the crisis.

We also investigate the characteristics of the stocks that hedge fund traded during the
crisis. Hedge funds were more likely to close positions in high volatility stocks than in low

volatility stocks. Symmetrically, short interest decreased more strongly for high-volatility stocks.



This evidence is consistent with both margin calls and with risk management. In particular,
Brunnermeier and Pedersen (2009) argue that margin calls can force arbitrageurs’ to reduce
exposure to risky assets, especially assets with high volatility. Similarly, if hedge funds follow
internal risk management practices (such as Value at Risk models) they would limit their
exposure to high volatility assets (Vayanos 2004, Brunnermeier and Pedersen 2009). Also
interesting, hedge funds were more likely to sell high liquidity stocks during the crisis, consistent
with the static model of Scholes (2000) and with the behavior of myopic investors in the
framework of Brown, Carlin, and Lobo (2010). This result also resonates with the findings of
Manconi, Massa, and Yasuda (2010) for mutual funds, which during the crisis decided to sell

more liquid securities first.

Finally, we quantify the returns earned by hedge funds during the crisis. We find that
hedge funds that bought stocks during the selloff quarters experienced higher returns in other
markets. Conversely, hedge funds that sold stocks during the selloff quarters achieved higher
returns in other markets in the quarter following the selloff quarter. We view this additional
evidence as suggesting that some of the hedge funds that sold equities invested the proceeds in

other markets.

Overall, our results show that during the crisis of 2007-2008 stock market participation
by hedge funds was dictated by capital limitations, market timing, and outside investment
opportunities. The findings about the effects of capital constraints on hedge funds’ trading
patterns corroborate previous empirical results on the limits of arbitrage (Aragon and Strahan
2009, Hombert and Thesmar 2009, Comerton-Forde, Hendershott, Jones, Moulton, and
Seasholes 2010, Hameed, Kang, and Viswanathan 2010). The evidence on selloffs appear to
suggest that hedge funds destabilized the stock market during the crisis (in the line of the
evidence of Khandani and Lo 2007, Boyson, Stahel, and Stulz 2008), and potentially symmetric
to the finding that hedge funds ride bubbles in good times (Brunnermeier and Nagel 2004). Yet,
our results that hedge funds reallocated capital across asset types imply that this destabilizing

effect may have been soothed by providing liquidity to other markets.

The paper proceeds as follows. Section 2 describes the data sources that we use. In
Section 3 explores the aggregate behavior of hedge funds during the crisis and study the

distribution of hedge fund trades. Section 4 takes a close look at the determinants of hedge fund



behavior and investigates cross-sectional predictions of the funding constraints and capital
reallocation. Section 5 examines the characteristics of stocks that were sold by hedge funds.
Section 6 measures the returns of hedge funds that exited the stock market during selloff

quarters. Section 7 concludes.

2. Data

2.1. Data Sources and Sample Construction
2.1.1. Hedge Fund Holdings Data

The main dataset used in the study combines a list of hedge funds (by Thomson-Reuters),
quarterly portfolio holdings reporting (13F), and information about hedge fund characteristics
and performance (TASS).

Our primary data source is the 13F mandatory institutional holdings reports that are filed
with the SEC on a calendar quarter basis and are available to us since 1980 to the end of 2009.2
The Thomson-Reuters institutional holdings database (formerly known as the 13F CDA
Spectrum 34 database) provides institutional holdings as reported on Form 13F filed with the
SEC. Form 13F requires all institutions with investment discretion on over $100 million at the
end of the year to report their long holdings (mainly publicly traded equity, convertible bonds,
and options) in the next year.” Therefore, all hedge funds with assets under management in such
qualified securities of more than $100 million are required to report their holdings in 13F filings

on a quarterly basis.” 13F reporting is done at the consolidated management company.

We then match the list of 13F institutions in Thomson-Reuters with a proprietary list of
13F hedge fund managing firms and other institutional filers, provided by Thomson-Reuters. It is

worth stressing that Thomson-Reuters’s proprietary list of hedge funds puts us in a privileged

2 According to Lemke and Lins (1987), Congress justified the adoption of Section 13F of the Securities Exchange
Act in 1975 because, among other reasons, it facilitates consideration of the influence and impact of institutional
managers on market liquidity: “Among the uses for this information that were suggested for the SEC were to
analyze the effects of institutional holdings and trading in equity securities upon the securities markets, the potential
consequences of these activities on a national market system, block trading and market liquidity...”

3 With specific regard to equity, this provision concerns all long positions greater than 10,000 shares or $200,000
over which the manager exercises sole or shared investment discretion. The official list of Section 13F securities can
be found on the following SEC webpage: http://www.sec.gov/divisions/investment/13Flists.htm

* More information about the requirements of Form 13F pursuant to Section 13F of the Securities Exchange Act of
1934 can be found at: http://www.sec.gov/divisions/investment/13Ffaq.htm.




position. Relative to the self-reported industry lists that are commonly used to identify hedge
funds, the Thomson list is certainly more comprehensive as it classifies all 13F filers.” Moreover,
the Thomson-Reuters hedge fund list identifies hedge funds at the disaggregated advisor level,
not at the 13F report consolidated level. For example, for Blackstone Group holdings in 13F
data, Thomson-Reuters provided us with a classification of each of the advisors within

Blackstone that reported its holdings in the same filing.

Before applying the filters described below, the number of hedge funds in the Thomson-
Reuters list varies from a few dozens in the early 1980s to over 1,000 at the 2007 peak. We
cross-check our list of hedge funds with the FactSet database and we find it congruent with the
FactSet LionShares identification of hedge fund companies. With some caveats that we mention
below, an additional advantage of 13F filings is that they are not affected by the selection and
survivorship bias that occurs when relying on TASS and other self-reported databases for hedge

fund identification (Agarwal, Fos, and Jiang 2010).

Data in the 13F filings have a number of known limitations. First, small institutions that
fall below the reporting threshold ($100 million in US equity) at the end of the year are not in the

sample in the following year. Second, we do not observe positions that do not make the threshold

> This comprehensiveness depends on Thomson’s long-lasting and deep involvement with institutional filings. The
SEC has long contracted the collection of various institutional data out to Thomson-Reuters, even when those
reports were paper filings or microfiche in the public reference room. They also have directories of the different
types of institutions, with extensive information about their businesses and staff. The list of hedge funds to which we
have access is normally used by Thomson-Reuters for their consulting business and, to the best of our knowledge,
has not been provided to other academic clients. References to Thomson-Reuters (or the companies that it acquired,
such as CDA/Spectrum, which was formerly known as Disclosure Inc. and Bechtel) can be found at:

1. http://www.sec.gov/rules/final/33-8224 .htm (search for Thomson);
2. SEC Annual Reports, 1982, http://www.sec.gov/about/annual_report/1982.pdf (page 37, or 59 of the pdf file);

3. http://www.sec.gov/rules/final/33-7432.txt (search for contractor);

4. http://www.sec.gov/about/annual_report/1989.pdf (search for contractor).

® As a shortcut, from now on we will refer to the observational unit in our data set as a ‘hedge fund’. It should be
clear, however, that 13F provides asset holdings at the management firm level, or are at the advisor entity level,
where different. Each firm/advisor reports consolidated holdings for all the funds that it has under management.

" There are three advisor entities within Blackstone Group L.P. that report their holdings in the same consolidated
Blackstone Group report. Among the three advisors included, GSO Capital Partners and Blackstone Kailix Advisors
are classified by Thomson-Reuters as Hedge Funds (which an ADV form confirms), while Blackstone Capital
Partners V LP is classified as an Investment Advisor. See the “List of Other Included Managers™ section in the
September 30 2009 Blackstone 13F reports filed on November 16 2009:

http://www.sec.gov/Archives/edgar/data/1393818/000119312509235951/0001193125-09-235951..txt




of $200,000 or 10,000 shares. Third, short equity positions are not reported. Fourth, the filings
are aggregated at the management company level. Still, as said above, the Thompson
classification allows us to separately identify the advisors within the management company.
Fifth, we only observe end-of-quarter snapshots on hedge fund holdings. In spite of these
limitations, it must be stressed that our data is not plagued by survivorship bias as it contains the

filings of defunct hedge fund companies too.

Because many financial advisors manage hedge-fund-like operations alongside other
investment management services, we need to apply a number of filters to the data to ensure that
the main line of operation of institutions that we capture in our sample is a hedge fund business.
In order to limit our analysis to hedge funds, we drop institutions that have many advisors with
majority of non-hedge-fund business (e.g., Goldman Sachs Group, JP Morgan Chase & Co.,
American International Group Inc.), even though they have hedge funds that are managed in-
house and included with their holdings in the parent management company’s 13F report.
Thomson-Reuters’ hedge fund list also provides the classification of non-hedge fund entities that
file under the same 13F entity. We used this list to screen out all companies with other reported
non-hedge fund advisors that file their 13F holdings along with their hedge funds. Additionally,
we manually verified that large investment banks and prime brokers that might have internal
hedge fund business are excluded from our list. As a further filter, we double-checked the hedge
fund classification by Thomson-Reuters against a list of ADV filings by investment advisors
since 2006, when available.® We matched those filings by advisor name to our 13F data. Then,
following Brunnermeier and Nagel (2004), we kept only the institutions with more than half of
their clients classified as “High Net Worth Individuals” or “Other Pooled Investment Vehicles
(e.g., Hedge Funds)” in Item 5.D (Information About Your Advisory Business) of Form ADV.
Therefore, we believe that our final list of hedge funds contains only institutions with the

majority of their assets and reported holdings in the hedge fund business.

We augment our data with hedge fund characteristics and monthly returns from the

Thomson-Reuters’ Lipper-TASS database (drawn in July 2010).” We use both the “Graveyard”

¥ All current advisor ADV filings are available on the SEC’s investment advisor public disclosure website:
http://www.adviserinfo.sec.gov/IAPD/Content/Search/iapd_OrgSearch.aspx. The ADV filings were mandatory for
all hedge funds only for a short time in 2006. In the later period, they were filed on a voluntary basis.

’ While we use the most recent data feed of TASS for hedge fund information (July 2010), we use an older version
(August 2007) to identify firms (as it included hedge fund names). Further, we use the 2007 extract for information
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and “Live” databases.'” We use hedge fund company names in TASS and map it to the advisor
company name that appears in 13F filings. The Lipper-TASS database provides hedge fund
characteristics (such as investment style and average leverage) and monthly return information at
the strategy or portfolio level. We aggregate the TASS data at the management company level,
on a quarterly frequency, and match it to the 13F dataset using the consolidated management
company name.'' We exclude hedge funds with total assets under management of less than $1
million, in order to ensure that our results are not driven by hedge funds with insignificant

holdings.

Table 1, Panel D, provides the number of hedge funds in our sample by year, along with
the number of hedge funds that are matched with TASS data. The first two columns show the
explosion in the number of hedge funds over the last decade. The decrease in the number of
matched TASS funds and total assets under management (AUM) is consistent with the recent
patterns of hedge fund liquidations at the end of 2008 and in the first three quarters of 2009.
According to Hedge Fund Research Inc., the total assets managed by hedge funds decreased by
around 19% by 2009, due to the market crisis and the record-setting hedge fund closures in 2008
and 2009.'? This pattern is strongly reflected in Figure 1, which plots hedge fund equity holdings
over time as a fraction of total market capitalization. Finally, in Panel D of Table 1, we notice
that our TASS-matched sample increases significantly after 2000, but misses a lot of hedge fund
companies that are classified by Thomson-Reuters as hedge funds and file 13F filings."” A
similar argument applies to the funds that in 2009 appear in the 13F filings but not in TASS.

The main advantage of our dataset is that it includes most, if not all, hedge funds that are

required to report their holdings in 13F filings. Thus, our dataset is broader and more

about the average leverage, as it is preceding the financial crisis of 2008. We note however that only in a small
number of cases (less than 50 cases), there was a change in the reported average leverage.

19 TASS starts retaining information on ‘dead’ funds only in 1994, while our analysis starts in 1990. We have run
the regressions that use TASS data excluding the period before 1994 and the results are largely unaffected. The
reason is likely to be that most of our crisis periods occur after 1994.

"' We used strategy portfolio assets as weights in aggregating fund characteristics and total reported returns.

12 See BusinessWeek’s article “Hedge Your Bets like the Big Boys” by Tara Kalwarski, in the December 28, 2009
issue.

" Griffin and Xu (2009) use a TASS sample that ends in 2000 and rely on other hedge fund databases to classify
hedge funds with 13F filings. We notice from our 2009 TASS sample that the hedge fund coverage in TASS
increases significantly after 2000, but it is still likely to suffer from selection bias because it appears that many
hedge funds with 13F filings are not in TASS.



comprehensive than those of prior studies. For example, Griffin and Xu (2009) have a total of
306 different hedge fund companies (Table 1, Panel A, in their paper) whereas, after applying the
sample selection criteria that we describe below, we end up with 1,154 distinct hedge fund
companies over the entire sample period. A recent study by Agarwal, Fos, and Jiang (2010)
slightly outperforms this number with 1,199 fund companies that result from matching 13F with
CISDM, HFR, Eureka, MSCI, and TASS. In addition to the reliance on the comprehensive list of
hedge funds provided by Thomson, the larger number of funds relative to previous studies also
results from the fact that our sample period extends to a later period that witnessed an explosion

in the number of funds.

While Thomson-Reuters collects all the institutional reports filed with the SEC, they only
retain the common equity holdings in their 13F institutional holdings database. To be able to
capture the stock options held by hedge funds with 13F institutional holdings reports, we
downloaded and parsed all 13F electronic forms since 1999 available on the SEC website, a
method similar to that of Aragon and Martin (2009). The SEC requires institutions to separately
report all call and put options for a large set of 13F securities.'*'> We looked only at the original
13F reports that are filed within forty-five days of the end of the calendar quarter, and mapped

the list of our hedge funds to the CIKs they used in reporting SEC filings.'®"

" The official list of Section 13F securities refer to options by their underlying securities:
http://www.sec.gov/divisions/investment/13flists.htm, and requires CALL or PUT designations for options in the
issuer description field. We used such “CALL” and “PUT” strings to identify option positions in 13F filings, where
they appear under Item 2 or Item 6 or as a suffix to the company name in the body of the holdings table of the 13F
report. Note that some filings used different identifiers for options, such as Goldman Sachs Group, which uses
“CAL” for call options. We were able to capture and identify many such special cases.

'3 As an accuracy check, we compared the common equity portion of our parsed 13F dataset with the common
equity holdings in the Thomson-Reuters 13F institutional ownership data, and we found a 99% correlation.

'® We noticed that several hedge funds filed subsequent amendments with regard to their confidentially-treated
holdings, which were excluded from the original 13F filings, but reported in the form of amendments only after the
expiration or rejection of the confidential treatment requests. We also noticed that the Thomson-Reuters data usually
excludes such individual holdings from their data; it is published as originally reported and apparently overlooks
subsequent amendments. We rely on Thomson-Reuters 13F holdings data as it has better historical coverage from
1980 than the electronic 13F filings that have been posted on the SEC website since 1999. See Agarwal, Jiang,
Tang, and Yang (2009) for more information about and statistics on the confidentially-treated holdings (Table 2,
Panel B).

' Firms can delay their 13F reporting to a limited number of stocks by up to one year, by applying for confidential
filing. Agarwal, Jiang, Tang, and Yang (2010) find that about 3% of all filings are not complete as they include
positions that are filed in the confidential section. They note that a large fraction of the confidential filers consist of
hedge funds that use confidential filings to protect trades that are based on private information. In particular, hedge
funds use confidential filings when building block ownership positions or acquiring stocks following merger

9



2.1.2. Short Interest Data

While hedge funds are known for holding both long and short positions, the information
reported in the 13F filings includes only long transactions. To complement the long holding data,
we use short interest data provided by the exchanges. These data are reported on a monthly basis
since 1988 at the stock level (therefore we cannot identify the investors who hold the short
positions). In our empirical analysis, we make the simplifying assumption that the short interest
is mainly driven by arbitrageurs, among which hedge funds play an important part. This
assumption is supported by Boehmer and Jones (2008) who document that 55% to 70% of all
short selling transactions are performed by institutions (Table 7 in their paper). A recent research
report by Goldman Sachs (2010) estimates that hedge funds account for 85% of short selling
activity. The validity of our working assumption is also supported by the parallel trend in the
aggregate short selling and hedge fund activities over time (compare Figures 1 and 2; the
correlation of the quarterly changes is 0.38). Furthermore, aggregate short selling activity is quite
small in magnitude, even in recent years, suggesting that only a small group of specialized

arbitrageurs engage in it.

We employ several widely used datasets for stock level and market level information.
Specifically, we use CRSP and Compustat for stock characteristics. In addition, we winsorize
fund flows and changes in hedge fund equity holdings at the 5™ and 95" percentiles within each
quarter, as the distributions of these variables have fat tails. Finally, we verify that our results are

not driven by extreme observations in other variables.
2.2. Summary Statistics

Table 1 presents summary statistics of the datasets used in the study. Panel A focuses on
the time series of the aggregate variables. The table shows that the selected hedge funds hold
2.36% of the entire stock market capitalization on average, peaking at 3.18% (in the second
quarter of 2007). The short interest ratio averages 2.71%, peaking at 3.77% (in the second
quarter of 2008). Although pure-play hedge funds hold relatively small fractions of the stock
market, their impact can be significant on the economy. In a recent study, Billio, Getmansky, Lo,

and Pelizzon (2010) examine systemic risk in hedge funds, banks, brokers, and insurers. They

announcements (as part of a merger arbitrage strategy). It appears, therefore, that our study should not be materially
biased due to confidential filings as we are interested in dispositions following public events.

10



also find that hedge fund assets are much smaller than other institutions and their contribution to

systemic risk may not be as big as that from other institutions.

We are interested in the active changes in equity holdings by hedge funds that result from
actual trading, and not from price changes. To this purpose, we evaluate the quarterly trades
made by each fund at previous period prices and aggregate them across the funds in the sample
in a given quarter. Then, we divide these dollar trades by either the total equity holdings by
hedge funds in the previous quarter or by the total market capitalization in the previous quarter.'®
The choice of previous-quarter prices allows us to focus on changes in equity holdings that are
due to trades and not to price changes. The average quarterly change in total hedge fund holdings
is 2.02% of their total equity holdings, or 0.034% of total market capitalization.

Panel B presents summary statistics for the stock-quarter level sample. The dependent
variable that we use in our stock level regressions in Section 3 to 6 is the change in the number
of shares of a firm held by hedge funds aggregated across all hedge funds in our sample divided
by total number of shares outstanding for that firm. Across stocks, this figure averages 0.07%.
Focusing on the level of stock ownership, hedge funds hold 7.43% of a firm’s equity on average.
From the comparison with the aggregate holdings in Panel A, which are weighted by market
capitalization, it appears that hedge funds’ equity holdings are tilted towards smaller stocks,
consistent with the evidence in Griffin and Xu (2009). Volatility is computed as the standard
deviation of monthly returns over a two-year window. Finally, we construct the past-twelve-

month cumulative return to control for momentum strategies.

Panel C of Table 1 presents summary statistics for the hedge-fund-quarter level data. The
dependent variable in some of the hedge-fund level analysis below is the fraction of the fund

equity portfolio that is traded over the quarter. Again, the choice of previous-quarter prices

18 We first adjust shares held for splits and distributions. Then we use the quarterly holding snapshots to derive the
trades and make sure that we are filtering out changes in holdings that originate from changes in the universe of 13F
filers.18 To this purpose, we require hedge funds to appear in two consecutive quarters. When a hedge fund does not
report (since it is below the $100 million assets-under-discretion cutoff), we eliminate the observation (as opposed to
reporting a large drop in holdings). More details about the sample construction and trade derivation are available as
a WRDS research application with the SAS code: “Institutional Trades, Flows, and Turnover Ratios using Thomson-
Reuters 13F data,”

http://wrds-
web.wharton.upenn.edu/wrds/support/Data/_004Research%20Applications/ 003Research%20Guides/_000Files%20

for%20Thomson%20Reuters%2013F%20Database%20Research%20Applications/institutional trades.cfm
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avoids introducing a bias due to the change in prices over the quarter. To construct this variable
we aggregate the quarterly changes in holdings for all the stocks in the fund portfolio and
evaluate them at the previous quarter prices. Then, the total dollar value of the trades is divided
by the lagged (previous quarter) value of the equity portfolio. The average percentage change in
hedge funds’ equity portfolios is 11.9%. We construct equity holdings returns in a given quarter
by assuming that changes in reported 13F positions occur at end-of-quarter prices. The hedge-
fund-quarter data is matched with TASS, as explained above. We use TASS data to construct
total returns, by aggregating returns of funds within each management company (weighted by the
size of assets under management of each fund in the company). Following the literature standard
(Chevalier and Ellison 1997, Sirri and Tufano 1998, Agarwal, Daniel, and Naik 2009, among
others), we compute quarter t fund flows as the quarterly difference in AUM minus the dollar
return on quarter t — 1 AUM. Fund flows are then scaled by the lagged AUM. We also define a
dummy for whether the fund holds put options on individual stocks according to the 13F filings
(about 34% of the hedge-fund-quarter observations after 1999). For leverage, we use TASS
average leverage variable (which is defined as debt over AUM) and we average it at the
company level using fund level AUM as weights. The mean leverage is 72.7%. The other

variables are described when we use them in the analysis.

Panel D provides a summary of coverage for the 13F and TASS data as well as summary
statistics about hedge funds’ equity portfolios. It shows that, over time, more small hedge funds
entered the industry but held, on average, fewer stocks at a higher (annualized) turnover rate. As
in Wermers (2000), Brunnermeier and Nagel (2004), and the CRSP mutual fund database,
portfolio turnover is defined as the minimum of the absolute values of buys and sells during a
quarter t divided by total holdings at the end of quarter t — 1, where buys and sells are measured
with end-of-quarter t — 1 prices. This definition of turnover captures trading unrelated to inflows
or outflows. Because it is computed from quarterly snapshots, it is understated; nevertheless it
provides an important assessment of the relevance of quarterly holdings data. The average
quarterly turnover in the sample is 98% annualized. The magnitude of turnover in our data is
comparable to that found by Brunnermeier and Nagel (2004). While somewhat higher than the
72.8% (annualized) turnover for mutual funds in 1994 found by Wermers (2000), our figure
indicates that a substantial part of portfolio holdings survives on the quarterly horizon. As argued

by Brunnermeier and Nagel, this finding legitimates the use of quarterly snapshots to capture the
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low frequency component of hedge fund trading. Also important for the purposes of our analysis,
the high frequency turnover in portfolio composition is less of a concern than it has been for
previous studies that used 13F data. Our focus is on aggregate changes in the equity participation
by hedge funds. Arguably, aggregate participation in a market is less likely to be affected by high
frequency turnover. Finally, a similar argument limits the problems arising from potential
portfolio manipulation ahead of the filing date. While it is possible that fund managers reshuffle
their stock holdings to conceal trading strategies, we find it less plausible that they alter the

portfolio’s overall exposure to the stock market.
3. Hedge Fund Trading during the Crisis
3.1.  Aggregate Long Hedge Fund Holdings

Our first goal is to characterize hedge fund behavior during the crisis. In Figure 1, we
look at aggregate hedge fund equity holdings as a fraction of total stock market capitalization for
the period of 2004 to 2009. This period is comprised of a period of bull market which was
associated with an expansion of the hedge fund industry (2004Q1 to 2007Q2), a crisis period
(2007Q3-2009Q2), and post-crisis period (2009Q2-2009Q4). This classification of quarters is of
course done after the fact. The main objective is to identify the regime shift in hedge funds
investing behavior across the different periods. The figure seems to suggest that at the quarters of
crisis (the Quant meltdown (2007Q3), and the fall of Lehman Brothers (2008Q3-Q4)), hedge
funds’ market participation decreases dramatically. Of course, this evidence is affected by the
relative changes in market prices, which confound the pure effect of trading. For this reason, in
the remainder of the paper we focus directly on actual hedge fund trades (using the number of

shares traded with last quarter prices, as explained in Section 2.1.).

The main empirical fact that the paper presents is that hedge funds massively withdrew
from the equity market during the quarters of the main events of the crisis. In Table 2, we present
the quarter-on-quarter change in hedge fund holdings for the pre-crisis, during crisis, and post-
crisis periods, including a breakdown of the trading activity for the crisis quarters. The Table
shows that during the pre- and post-crisis period, hedge funds increased their stock market
participation by about 6% per quarter. During the crisis, however, hedge funds reduced their
participation by 3% each quarter on average. The quarter-by-quarter breakdown reveals that the

withdrawals were concentrated in four quarters: the third and fourth quarters of 2007, and the
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third and fourth quarters of 2008. We define these quarters as “selloff quarters”. In particular, in
the third and fourth quarters of 2008, hedge funds sold 16.7% and 14.3%, respectively, of their
aggregate holdings in the stock market. The table presents also the magnitudes of withdrawal in

terms of percentage of total market capitalization.

The table shows that in the worst quarters of 2008, hedge funds withdrew 0.49% and
0.33% of the total market capitalization. Because pure-play hedge funds, which are examined
here, hold only a small fraction of the market capitalization, their selling pressure appears to be
small in magnitude relative to the total market capitalization. It is hard to draw implications on
the price impact of these trades without an equilibrium model of the market. In particular, one
needs to take in consideration the liquidity of the market and the informativeness of the trades. A
study of the effect of the observed trades on market prices is therefore beyond the scope of this
work. It is worth pointing out, however, that the measured changes in hedge fund portfolios have
the potential to be disruptive. In Brunnermeier and Pedersen (2009), when arbitrageurs are
constrained in their liquidity provision, the equilibrium is fragile. That is to say, small shocks to
the net supply of assets can cause drastic price changes. Also important, the observed selloffs can
be concentrated in a few illiquid assets, which are more likely to be held by arbitrageurs in
normal times. This behavior is denoted as a flight to quality. In such a case, the losses in hedge
fund capital, and the consequent drop in liquidity provision, are likely to be more relevant than
the impact on a well-diversified portfolio. To further investigate this channel, in Section 4, we

study the stock level cross-sectional dimension of selloffs.

The stylized fact that hedge funds massively exited the stock market during some of the
crisis quarters sheds light on previous findings of the literature. First, Cao, Chen, Liang, and Lo
(2009) find that hedge fund returns are less correlated with stock market returns around crises.
Our main result shows that the low correlation results from lower participation to the stock
market. Second, Ang, Gorovyy, and van Inwegen (2010) find that hedge funds started reducing
their leverage prior to the financial crisis of 2008, as early as in 2007. Our evidence suggests that
the deleveraging of hedge funds during this period could be related to the changes in their

portfolio composition.
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3.2.  Aggregate Short Interest

The consumption of liquidity that is likely caused by the observed selloffs could
potentially have been mitigated if hedge funds close short equity positions at the same time as
they sell stocks. Brunnermeier and Pedersen (2009) clearly show that the limits to arbitrage can
constrain speculators’ positions on the long side as well as on the short side. Hence, we need to
examine whether unwinding of short positions, if occurs, overlaps with the stock selloffs that we
have documented so far. As noted above, we rely on Boehmer and Jones (2008) and Goldman
Sachs (2010) and assume that the short interest reported by the exchanges is largely correlated
with hedge funds’ short interest. Indeed, comparing the charts of aggregate hedge fund holdings
(Figure 1) and aggregate short interest (Figure 2), suggests that both economic variables display

similar trend and participation patterns.

In Table 3, Panel A, we present the average changes in short interest during the three
periods we examine, as well as a quarter-by-quarter breakdown. The table shows that the
aggregate short interest changed by 2.3%, 2.7%, and -7.6%, during the pre-crisis, during crisis,
and post-crisis periods, respectively. During the crisis, there was a great variation in the
aggregate short interest. Most notable are the increase of 19.8% in the short interest following
the fall of Bear Sterns in the first quarter of 2008, and the decline of 20.7% in short interest
following the short selling bans in the last quarter of 2008. Also, there is a surge in short interest

in the first quarter of 2009, the same period in which hedge funds returns to the market (Table 2).

To test the possibility that closing short positions compensated the loss of liquidity due to
closing long positions, we resort to stock-quarter level analysis. We study the relation between
stock level changes in hedge fund holdings and changes in short interest. In Table 3, Panel B, we
regress stock-quarter changes in hedge fund ownership on changes in stock-quarter level of short
interest and interaction with the selloff quarter dummy. We find that the correlation between
hedge fund trading and short selling is positive and statistically significant, however, the
coefficient is low: around 7.1% across specifications. We examine the effect in selloff quarters
(Q3, Q4 of 2007 and Q3, Q4 of 2008). The correlated of hedge funds trades and changes in short
interest is higher in these quarters by 2.2%. Results do not change when we include stock fixed
effects (Column (2)). To illustrate the economic magnitude, if there is a 1% decline in short

interest in a particular stock, hedge funds holdings decrease by 0.09% on average. Hence, only
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9% of the liquidity consumption by hedge funds is compensated by liquidity provision from the
unwinding of short positions. These results suggest that during the selloff quarters there was a
dislocation of liquidity during the crisis quarters: liquidity is withdrawn from undervalued stocks
(those that hedge funds held) and at the same time liquidity was added to the overvalued stocks

(stocks in which short sellers held positions).
3.3.  On the Other Side of Hedge Fund Trades

Since hedge funds reduced equity participation during the financial crisis, it is interesting
to find out who buys their shares. In other words, we would like to see whether one can identify
another type of investors who are the liquidity provider during financial crisis. In Table 4, we
repeat the analysis from Table 2 for other types of investors: mutual funds, other institutions, and
retail investors (including management). The holdings of mutual funds and other institutions are
also identified using the 13F filings. For each stock, we impute the fraction of the holdings of
retail investors as the complement to one of the fraction held by institutional investors that file

the 13F."”

The general picture from Table 4 is that other types of investors did not exit the stock
market in the same fashion and magnitude that hedge funds did. We observe that mutual funds
reduced their holdings during 2008Q1, 2008Q3, and 2008Q4. The holdings by other institutional
investors appear volatile over the crisis period. Major selloffs took place in 2007Q4, 2008Q2,
and 2009Q1. Interestingly, other institutional investors exhibit poor market timing skills as they
increased their participation in the stock market in the last quarter of 2008, and decreased their
participation in the first quarter of 2009. Retail investors decreased their participation in the third
quarter of 2007, the first quarter of 2008 and in the third quarter of 2008. Like hedge funds, retail

investors increased a lot their stock market participation in the first quarter of 2009.

To summarize, it appears that both retail investors and other institutional investors (non-

mutual fund) provided liquidity during the crisis.

' This method of imputing retail investors’ holdings provides an upper bound. The reason is that 13F filings do not
include institutions that do not make the $100 million threshold. However, given the small size of the excluded
institutions, we believe the approximation error to be modest.
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3.4.  Heterogeneity in Hedge Fund Trades

Given the large selling on the part of the aggregate hedge fund sector during the crisis,
we wish to explore the drivers of this effect. A first step is to understand whether the effect is
driven by large sales on the part of a few hedge funds, while the rest of the sector continues to
provide liquidity, or whether it is spread over the entire spectrum of funds. To explore this issue,
we compute for each hedge fund the fraction of equity bought or sold at previous-quarter prices.
In Table 5 we present the distribution of funds with respect to the degree of their buying or
selling for the different periods. Panel A is equal-weighted and Panel B is weighted the value of
the equity portfolios that hedge funds manage.

Comparing the crisis period of 2007Q3 to 2009Q1 to the growth period of 2004Q1 to
2007Q2 in Panel A of Table 5 shows a left shift in the distribution in the later period. However,
when zooming in to the particular quarters of the crisis, it appears that a large cluster of firms
exit in the third and fourth quarter of 2008. The figures are dramatic: nearly every fourth firm
sold more than 40% of its portfolio in each of these quarters. The table shows that the massive
exit in these quarters is not balanced by a massive expansion of other funds. Only 15% to 20% of
the funds expand their portfolios by more than 20%. These numbers are low relative to the 24%
to 27% of hedge funds expanding in other periods. There is however a massive return to the
market in the first quarter of 2009: 23.7% of the funds bought more than 40% of their equity

portfolio’s value.

Panel B helps evaluate the economic significance of the massive exit in the last quarters
of 2008. The panel shows that the hedge funds exiting the stock market in the second half of
2008 are representative of the hedge fund population. Conversely, hedge funds that expand their
stock market portfolio holdings during this period are very small: less than 7% of hedge funds in
the third quarter of 2008, and less than 13% of hedge funds in the fourth quarter of 2008 expand
their portfolios by more than 20%. The table shows that the large increase in hedge fund
participation in the first quarter of 2009 is primarily driven by hedge funds with small equity
portfolios.

Overall, the results on the distribution of trades corroborate the impression that hedge
funds do not make a positive contribution to aggregate liquidity during the crisis. The shift in the

distribution of trades towards large sales is important in general, and is especially pronounced in
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the second half of 2008. There is scant evidence that the selling pressure is counterbalanced by
increased buying on the part of other funds. Also, the funds that expand their portfolios are

primarily small and are likely unable to make a difference in terms of liquidity provision.
4. The Determinants of Hedge Fund Selloffs

So far, we have documented large selling by hedge funds during the crisis. Next, we turn
to investigating the determinants of this behavior. Ideally, we would be able to explore what
hedge funds do with the proceeds of their equity sales during the crisis: pay out to investors,
reduce debt, or invest in cash or other assets. Based on the accounting identity linking the assets
to the liabilities of a hedge fund, the change in equity holdings must be matched by the change in
assets under management (AUM) plus the change in debt (including short positions) minus the
change in other investments. Such a decomposition of the change in equity holdings would
certainly be very informative on the economic channels behind the observed selloffs.
Unfortunately, we cannot proceed in this way. While TASS allows us to retrieve the flows into
AUM, there is no time-series information on leverage. The leverage variable in TASS is a
snapshot at the time of reporting.”’ So, we cannot compute the change in debt. Investments in

cash or other assets than US equities are also unobservable.

Given these constraints, we rely on an alternative empirical strategy to disentangle the
relevant determinants of the observed selloffs. We conjecture that there are two non-mutually
exclusive broad explanations for this phenomenon: financial constraints and asset reallocation.
First, investors and lenders could force hedge funds to liquidate equity positions by tightening
their funding. This channel characterizes the limits-of-arbitrage theories: hedge funds cannot
exploit market mispricing and monetize the illiquidity premium because their capital is cut off
(as in Shleifer and Vishny 1997). We test this explanation by examining the effect of investor
fund flows on hedge fund trades, in addition to whether highly leveraged hedge funds are more

likely to sell equities.

2 We have also tried to construct a time series for leverage by comparing two TASS feeds from 2007 and 2009.
However, out of 13,400 funds in 2009 and 7,800 funds in 2007, we found only 130 cases with changes to the
leveraged dummy between 2007 and 2009, and 51 cases with changes to the avg leverage (average leverage)
variable, and only 10 cases had changes in both variables. So, we concluded that TASS updates the leverage
information with a delay and that we could not rely on this approach.
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Second, it is possible that equity selloff by hedge funds the crisis is due to asset
reallocation: market timing (i.e., investment in cash) or investments in other, potentially less
liquid, markets. In other words, hedge funds could sell equity during the crisis as part of portfolio
reallocation across assets. To assess whether market timing is an important driver of trades, we
study whether hedge funds that exited the stock market were those that returned as the market
turned. We test whether a broader asset allocation motive was behind the exit by examining
whether hedge funds that exited the equity market during the selloff quarters were more likely to
have had an earlier foothold in other markets. Finally, we analyze the future returns on the non-

equity part of the portfolios of the hedge funds that exit the stock market during crises.
4.1. Financial Constraints: Redemptions by Investors

We hypothesize that investor redemptions drive some of the selling by hedge funds.
Redemptions may be at their peak during periods of market illiquidity, and may force hedge
funds to sell relatively liquid assets, such as stocks. We explore this idea by analyzing the cross-
section of hedge funds’ quarterly trades. The prediction is that hedge funds that experience larger
redemptions would sell more equity. We impute net fund flow data®' (scaled by lagged equity
portfolio size) from TASS, and thus need to restrict the 13F dataset to the sample matched with
TASS. We also consider two quarterly leads of fund flows, because redemptions are often known
in advance due to the redemption notice that clients must give to the fund (Boyson, Helwege, and
Jindra 2010). Even if the redemptions are not known in advance, fund managers in poor
performing funds could rationally anticipate future redemptions based on the existence of a

positive flow-performance relation (see, e.g., Agarwal, Daniel, and Naik 2009).

We present the results in Table 6, which explores how well the different variables explain
the hedge fund trading. In all regressions, the dependent variable is the percent change in hedge
fund quarterly equity holdings. Standard errors are clustered at the calendar quarter level. In
Column (1), we present the baseline regression. We use the universe of firms that appear both in
TASS and 13F between 2004Q1 and 2009Q4. We note that based on this sample, hedge funds
reduce their equity portfolio by 11.5% per quarter on average during selloff quarters (2008Q3-

Q4 and 2009Q3-Q4). In Column (2), we introduce fund flow variables as well as interactions of

*! Net fund flows are computed as TASS variables EstimatedAssets(q) - EstimatedAssets(q-1)(1 + RateOfReturn),
scaled by lagged (q-1) equity portfolio size which is derived from 13F. EstimatedAssets are aggregated from the
fund/style level to the management company level. RateOfReturns are weighted by the estimated assets.
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the selloff quarter dummy with current and lead fund flows. The regression shows that future
flows are positive and statistically significant, while the coefficients on the interactions with the
selloff quarter dummy are statistically insignificant. Controlling for flows reduced the magnitude

of the selloff quarter coefficient from -11.5% to -6.5%, a decline of 43%.

Next, we explore the characteristics of the hedge funds that exit due to equity
withdrawals. To do so, we pursue a two-stage process. In the first stage we regress the changes in
hedge funds holdings on interactions of selloff quarter dummy and current fund flows, in
addition to one- and two-period lead flows, in addition to the main effects. The predicted value
of this regression represents the changes in hedge funds holdings that are correlated with fund
flows. In the second stage we regress the predicted value on hedge fund characteristics. The
results are presented in Table 7, Panel A. As we are interested in the characteristics of selling
hedge funds during the selloff quarters, we focus on the interaction between the selloff quarter
indicator and the hedge fund characteristic variable. The panel shows that low lockup and
redemption periods are the only variables that characterize hedge funds that sell stocks during the
selloff quarters due to withdrawals of investors’ capital. These results corroborate with Teo
(2010) who finds that hedge funds with short lock up periods are more likely to liquidate their

positions during liquidity crises.
4.2.  Financial Constraints: Credit Tightening by Lenders

Next, we look for evidence that hedge funds reduced their equity positions because they
are forced to do so by lenders, as suggested by the limits-to-arbitrage theories. We conjecture
that higher leverage makes a fund more exposed to the threat of margin calls. Hence, we examine
whether highly leveraged funds sell larger portions of their portfolios during the selloff quarters.
In Column (4) of Table 6, we regress the fraction of the equity portfolio traded by hedge funds
over the selloff quarter indicator interacted with hedge funds’ average leverage.” The resulting
coefficient on the interaction is negative and statistically significant, suggesting that highly
leveraged hedge funds are more likely to reduce their equity holdings during the selloff quarters.
Average leverage is measured as debt over investor equity. The size of the coefficient is -6.0%

and should be multiplied with the leverage in order to get the economic effect. A 2:1 leveraged

> The Average Leverage variable is a cross-sectional variable provided by TASS. This variable describes the
general level of leverage of hedge funds, reported by funds’ managers. Like other variables from TASS, we
aggregate this variable from the fund level to the management company level, weighting it by Estimated Assets.
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hedge fund sells 3.0%> more of its equity portfolio than an unleveraged fund during the selloff
quarters. By comparing the slope on the selloff quarter dummy in Column (4) (-7.0%) with the
same coefficient in the base specification in the sample of funds with available leverage (Column
(3)) (-12.1%), we conclude that leverage explains about 42% of the sales during the selloff

24
quarters.

We also assess the total effect of financial constraints on hedge fund equity trading (that
is, redemptions and leverage combined). In Table 6, Column (5), we regress the changes in
equity holdings on the crisis indicator interacted with both net fund flows variables and average
leverage. The main effects are also included. By comparing the coefficient on the selloff quarter
dummy to the coefficient in Column (3), we conclude that financing constraints account for

about 78% of stock sales by hedge funds during the selloff quarters.

To explore the characteristics of the hedge funds that exit the stock market in association
with having high leverage, we pursue again a two-stage procedure. In the first stage we regress
the changes in hedge fund equity holdings on the selloff quarter dummy interacted with average
leverage, and on the main effects. The results show that the hedge funds that sold equity during
the selloff quarters had the following characteristics: large assets under management, poor 12-
month past returns, short lockup period, high redemption notice period, and less established

(young) hedge funds.

In a second set of tests, we explore the cross-section of stocks and test whether hedge
funds are more likely to close positions in high volatility stocks during the crisis. We focus on
return volatility because it is positively correlated with stock margin requirements. Drawing on
Brunnermeier and Pedersen (2009), we conjecture that at times of low liquidity, hedge funds
enact a flight to quality. That is to say that when they are forced by lenders to liquidate their
positions, hedge funds may choose to sell high volatility stocks first because of their higher
margin requirements. Hedge funds may be motivated to sell high volatility stocks for the sake of
internal risk ma