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Highlights

* The currency and systematic futures hedge funds diferent liquidity timing skills

» Liquidity timing after the credit crisis is relaténl the implementation of the QE

programs.

* Timing volatility in the FX market benefits systeticautures hedge funds more than

the currency hedge funds.
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Timing theliquidity in the Foreign Exchange Market: Did the Hedge Fundsdo it?

Ji Luo, Kai-Hong, Tee* and Baibing, Li

School of Business and Economics, Loughborough é¥sity
Loughborough LE11 3TU, UK

Abstract

Risks associated with international investmentshsag the foreign exchange (FX) exposure have
recently gained increasing attention, especialys¢horiginating from the liquidity conditions ofeth
FX market after the financial crisis of 2007-2008is paper investigates whether hedge funds time
the liquidity in the FX market and to what extehistcontributes to their investment returns. This
paper focuses on hedge funds that invest globalliyteansact in the FX market. Our findings, which
are statistically robust, show the liquidity timiailities of these hedge funds may be attributed t
their investing styles and the types of assets thagage, where a stronger liquidity timing ability
may be demanded of the systematic futures hedgis ftimcushion against the exposure underlying

the foreign assets.
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1. Introduction

This paper aims to investigate if liquidity timirabpility in the FX market is a determinant of
hedge funds’ returns, an area of the financial eiatkat has not been addressed in the literature.
Instead, most of the existing studies have beeustxt on the equity and bond markets. There has
been evidence of market return/volatility timingliiles found in these two markets, but they aré no
necessarily applicable to the FX market. First,Rfemarket is the world’s largest financial market
terms of trading volume, and regarded as extreifigglyd (Mancini, Ranaldo, Wrampelmeyer, 2013):
its estimated average daily trading volume was tBllon U.S. dollars in April 2016 (Bank for
International Settlements, 2016). Secondly, apantnfbeing the largest financial market, the FX
market is also observed to have a different liguigattern due to their unique characteristics thase
on the research of Kamaukh, et al (2015) which mmessFX liquidity using intra-day data. It is
therefore worth investigating if the timing ab#i§ found in the equity and bond markets also éxist
the FX market.

Third, specific to the FX market, recent findingssu, Taylor, and Wang (2016) revealed that
more successful FX traders' strategies consistasken timing skills alongside technical trade rules
that give good timing inputs to enter and exit demarket. An example in which timing strategy is
used in the FX trading is the exploitation of trendon 4 pm fix, FX traders are known frequently to
use this timing to determine upon the entry or &im the FX market in order to profit from their
trading. This leads to the investigation of a related anglortant issue underlying the Quantitative

Easting (QE) programmes implemented in various t@as that inject huge liquidity into the

! The London 4pm fix was set up in 1994 and run by Wdnpany and Reuters. It is the most popular beadckmsed. It is made by
taking an average of the exchange rate in currmladgs 30 seconds before and after 4pm in the Lrondirket. The benchmark rate for a
range of currencies—including major exchange rgitegdollar-sterling, dollar-yen and dollar-euro—tised to value trillions of dollars of
assets, and is the rate at which some big inveatpese with their banks to exchange currenciestttesaccounts at the end of every day.
2 See https://www.theguardian.com/business/2014/radofex-trader-closer-4pm-less-risk for an examgflaow the 4 pm fix may be
exploited for profit by the FX traders.
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financial markets after the financial crisis of Z&®008. The impact on the interest rate differéntia
and the specific underlying currencies pairs igssoe worth investigating as to how international
investors would respond via timing the liquiditynciitions in the FX market. This would be a more
relevant approach as compared to focusing on th&emnaeturn timing and volatility timing as
documented in the literature that have been appli¢kde equity and bond markets.

Market timing is a topic that has been extensivedgearched in the academic literature.
According to Admati, Bhattacharya, Pfleiderer ands® (1986), the superior performance of an
investment is due to either the manager’s timingjtplor selection ability or a combination of the
two. The academic literature treats market timiagaaype of dynamic asset allocation strategy that
adjusts a portfolio’s market exposure based omtheager’s forecast about the market (Admati et al.,
1986; Chen, 2007; Chen and Liang, 2007). Theretbeemanagers with a timing ability can increase
portfolios’ market exposure before a market risé decrease the portfolios’ market exposure prior to
a market fall.

Market timing models are based on the pioneeringketaeturn timing model of Treynor and
Mazuy (1966). Busse (1999) documents that fund gensademonstrate the ability to time market
volatility by increasing (reducing) the portfolic@osure when the market is less (more) volatile.
Research on timing ability has also focused on addgds due to their relatively more dynamic
investment style. Chen and Liang (2007) developnveadlels to investigate the joint timing ability of
market returns and market volatility of hedge fundlgsing from the 2008 financial crisis which
demonstrated the importance of understanding liyuabnditions to manage the market exposure of
investments, researches such as Cao, Chen, Liahg@(2013), and Li, Luo and Tee (2017) have
recently investigated the liquidity timing abilibf hedge funds in the equity market and bond market
respectively. Other researches in the literatuad thvestigate the timing ability of hedge funds
include French and Ko (2007) who examine whethag{short equity hedge funds exhibit market

timing skills.
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In this paper, we select the strategy style of befdgds that mainly invest in global futures and
options and transact in the FX market. These aosvkras the global derivatives hedge funds which
focus mainly on either the currency or foreign dative assets. Global derivatives hedge funds
transact in the FX market and many funds treatecwies as an asset class (Nucera and Valente,
2013). This implies two potential sources of expesone from the FX market and the other from the
underlying market of the derivative assets, if agtile to the strategies. Naturally, it becomes
important to ask whether global derivatives fundnagers who trade on a global scale are well
equipped with the liquidity timing ability in thexFmarket when facing the liquidity risk exposure.

This paper is structured as follows. Section 2flyridescribes the market data and the liquidity
measures. Section 3 discusses the main researokthbgps, empirical model and the main findings.
Section 4 discusses the robustness tests and eomisah alternative explanation, including

investigating theiquidity timing ability using the bootstrap approach. Finally, Section 5 concludes the

paper.

2. Data

This section discusses the data used in the erapamalysis. This includes the hedge fund returns,

factor data for hedge funds, and the liquidity nueas of the FX market.

2.1. Hedge funds

Hedge funds are investments using pooled fundsgéléuhds have various strategies which are
constructed to take advantages of certain idebtdianarket opportunities. Hedge funds are claskifie

into different categories based on their investnsrategies and styles. We source the hedge fund
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data from Morningstdwhich classifies hedge funds into six broad sgwteategories: ‘Directional
Equity’, ‘Directional Debt’, ‘Event’, ‘Global Derigtives’, ‘Multi-strategy’, and ‘Relative Value’'.
Each of these is further broken down into sevarblcategories.

To investigate hedge funds’ liquidity timing abyliin the FX market, this paper considers only
those hedge funds which invest globally and neeshdoage risks associated with the foreign asset
classes, as well as the underlying foreign exchaeggosure. Unlike other strategies in the
Morningstar database, the hedge funds in the ‘Gl@ivatives’ category invest mainly in the
global markets with optimal global asset allocatiarhere the FX market plays an important role. We
therefore focus on this category of hedge fundeggsa The ‘Global Derivatives’ category includes
four sub-categories of hedge funds strategies, Sgstematic Futures’, ‘Currency’, ‘Global Macro’
and ‘Volatility’®. In the empirical analysis we require each hedmel fincluded to have at least 24

monthly returns to obtain meaningful resoltfollowing for example, Eling and Faust (2010),

% Other data vendors are also used in the acadesgarch on hedge funds, such as TASS and HFR.d#ats in terms of the number of
funds available and the extent of survivorship bigsich is addressed in Section 5.1. Our empifioaings, based on data from
Morningstar, are also further bootstrapped fordation purposes (see Section 5.3). It is beyonddtbpe of this paper to investigate and
discuss the differences among the various hedgkdatabases. However, interested readers areaegferdoenvaarét al. (2013) for more
details.

4 Different data vendors use different ways to saegthe strategies and styles of hedge funds. riapto Morningstar (2014), funds in
the ‘Systematic Futures’ sub-category trade ligglabal futures, options, and foreign-exchange @mtsrlargely according to trend-
following strategies (such as linking greater tB&fo of fund's exposure to such strategies). Thategies are price-driven (technical)
and systematic (automated) rather than fundamentiiscretionary. Trend-followers typically tradediversified global markets, including
commodities, currencies, government bonds, inteagss, and equity indexes. However, some treroWiels may concentrate in certain
markets, such as interest rates. These stratagieggy when markets demonstrate sustained diretti@nds, either bullish or bearish.
Some ‘Systematic Futures’ strategies involve mesession or counter-trend strategies rather thamemdum or trend-following strategies.
At least 60% of the funds’ exposure is obtainedulgh derivatives. Funds in the ‘Currency’ sub-gatg invest in portfolios of multiple
currencies through the use of short-term money atanstruments; derivative instruments, including aot limited to, forward currency
contracts, index swaps and options, and cash depdhiese funds include both systematic curreraxjetis and discretionary traders.
Funds in the “Global Macro” sub-category base itmesit decisions on an assessment of the broad ewaromic environment. They
look for investment opportunities by studying sti@ttors as the global economy, government polidgigsrest rates, inflation, and market
trends. As opportunists, these funds are not céstriby asset class and may invest across suchraismssets as global equities, bonds,
currencies, derivatives, and commodities. Thesdduyimarily invest through derivatives marketsey typically make discretionary
trading decisions rather than using a systematitegty. At least 60% of the funds’ exposure is ivteta through derivatives. Funds in the
“Volatility” sub-category trade volatility as anset class. Directional volatility strategies ainptofit from the trend in the implied
volatility embedded in derivatives referencing otasset classes. Volatility arbitrage seeks toifpfrmim the implied volatility
discrepancies between related securities.

® The arguments about sufficient history (as a samgpequirement) that a fund must have beforeritlead to bias are mixed. In the
literature, the duration for the sampling requiraineries. For example, Fung and Hsieh (1997) redd6 months of return history before
including a fund in their empirical study, wheréakermann, McEnally and Ravenscraft (1999) reqfuirels to have 24 months of return
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Stefanova and Siegmann (2012) and Li et al. (20h7addition, following the previous hedge-fund-
focused literature (Chen 2007; Aggarwal and Jor2®i,0; Stefanova and Siegmann, 2012; Cao et al.,
2013), we include only hedge funds with no less th@ million dollars of assets under management
(AUM).

As the euro was introduced on January 1, 1999tithe period of this study is chosen from
January 1999 to December 2012 so that we are alfwéstigate the FX market after the launch of
the euro. This also covers the recent financiaicperiod so that we can investigate the impathef
financial crisis on hedge funds’ liquidity timinGummary statistics of the returns of the ‘Global
Derivatives’ hedge funds are provided in Panel abl€ 1.

In this paper, hedge fund returns in the ‘Globatizgives’ category are examined using an FX
market factor, i.e. the change in the trade-weiiteS. dollar exchange rate index (see Boyson,
Stahel and Stulz, 2010). This trade-weighted U@lad exchange rate index is published by the
Board of Governors of the U.S. Federal ReserveeBysto control for other factors for hedge funds,
the factors in the seven-factor model proposedumgrand Hsieh (200%)are used in the paper.

Panel B of Table 1 shows a statistical summaryFiang and Hsieh's seven factors and the FX
market factor. For example, the average equity staelxcess return during the sample period is

0.155% per month with a standard deviation of 4%68

[Table 1]

history for inclusion in their tests. There is eande that this bias, if it exists, is very smallit{g and Hsieh, 2000). Other forms of data bias
are discussed in Section 5.1.

® The seven factors include both linear and oplikafactors, and have been shown to explain \viarigéin hedge fund returns well.
Specifically, these factors include an equity maf&etor, a size factor, changes in the constantirita yield on 10-year Treasury bonds,
change in the spread between Moody’s Baa and 1i0fyeasury bonds, and three trend-following facfordonds, currency, and
commodities. These are available frattp://faculty.fuqua.duke.edu/~dah7/HFRFData.latma we thank the providers for these data.
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2.2. Liquidity measures

There is a large number of liquidity measures dgyed in the literature. Following Goyenko,
Holden and Trzcinka (2009) and Mancini et al. (201f3ese liquidity measures are classified into two
broad categories: (a) price-impact based liquigigasures; and (b) spread-based liquidity measures.
We first discuss the price-impact based liquidiyasures.

Kyle (1985) argues that the price impact measum8 much an order flow can induce the
exchange rate changes. A higher price impact iteicenore changes in the exchange rates, which
reflects a lower level liquidity in the FX markétccording to Campbell, Grossman and Wang (1993),
a part of the price impact on an illiquid currensytemporary because the pressure from net selling
(buying) to the currency can lead to excessive expation (depreciation), which is followed by a
price reversal to its fundamental value. Mancinalet(2013) consider several liquidity measures$ tha
include price impact, return reversal, trading cast price dispersion.

In the literature, some researchers adopt the pripact measure of Pastor and Stambaugh (2003)
to model the liquidity in the FX market (Banti aRtlylaktis, 2012; Banti, Phylaktis and Sarno, 2012;
Menkhoff, Sarno, Schmeling and Schrimpf, 2012). Tifeidity measure in Pastor and Stambaugh
(2003) is based on price reversals, indicating éhidwer liquidity level in the FX market means a
larger price impact caused by order flow in the kaar

Next, we consider spread-based liquidity measuegidely used spread-based liquidity measure
is the proportional quoted bid-ask spread (see, Kagsler and Scherer, 2011; Mancini et al. 2013;
Ding and Hiltrop, 2010). This measure gives andatibn of the costs for the immediate sale of an

asset and is calculated as:

(=)

L(ba) - = , (1)
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where P* and P® denote the ask and bid prices, respectively, BMdis the mid quote equal to

PA+ P®
u. See, for example, Ates and Wang (2005), Kaul @tefanescu (2011), Kessler and

Scherer (2011), Banti and Phylaktis (2012), Menkleafal. (2012) and Wrampelmeyer (2012) in
which bid and ask prices are used to measuregbiliiy in the FX market. There are several vagant
of the bid-ask spread in the literature.

In this paper, considering the data availabilitg #ime ease of interpretation, we follow Kessler &
Scherer (2011) and Karnaukh et al. (2015), andthieebid-ask prices to compute the illiquidity

measure in the FX market based on Eq. (1). The ehdiduidity measure is taken as the negative

illiquidity. More specifically, the liquidity measa L, , in the FX market at each time periddis

based on Eq. (1) aggregated acrossith®irrencies under investigation as follows:

1" 4a
Lex: === L(tt,)i ) , (2)

i=1
where L(tl?ia) is the proportional quoted bid-ask spread forency i at each time period in Eq. (1).

The liquidity measure in the FX market defined iq. £2) is computed using a basket rof
currencies. For consistency check, we choose thaiskets of currencies in the empirical analysis to
calculate the FX market liquidity. First, followinthe existing literature, we choose a basket
containing 10 currencies against the U.S. dolla8@) including Australian dollar (AUD), British
pound (GBP), Canadian dollar (CAD), Danish kron&KD, euro (EUR), Japanese yen (JPY), New
Zealand dollar (NZD), Norwegian krone (NOK), Sweédigona (SEK), and Swiss franc (CHF) (see,
for example, Menkhoff et al., 2012). The calculdigdidity measure is denoted as Liquidity (10) in
this paper. The second currency basket containsa@tt@ncies comprising AUD, CAD, CHF, EUR,
GBP, JPY, NOK, NzZD, SEK, and USD (Jurek, 2008; kaFRraiberger, Gabaix, Ranciere and

Verdelhan, 2013); the obtained liquidity measurseblaon this basket is denoted as Liquidity(G10).

10
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The final liquidity measure, Liquidity (6), is cal@ated using a basket with six major currencies tha
include AUD, CAD, CHF, EUR, GBP and JPY (Froot &amadorai, 2005).

In the subsequent empirical analysis, the dailyasikl prices for all the currencies are sourced
from Thomson DataStream and are used to calcuiataltove liquidity measures in the FX market.
The monthly liquidity measures in the FX market eatculated as the negative average of daily bid-
ask spreads within each month. Panel C of Tableols the summary statistics of the FX market
liquidity measures calculated for the empirical lgsia. It can be seen that the three FX market

liquidity measures in Table 1 have similar statisti

3. Resear ch hypotheses and main results

In this section, we investigate whether hedge fomaghagers time the liquidity of the FX market.
Very little research on timing has been done fer BX market in the literature. Instead, most have
been focused on the equity market (such as Ca, @013)) and the bond market (such as Li, et al.
(2017)). The FX market is the world's largest fio@h market and is even regarded as extremely
liquid (Mancini et al., 2013). It is very relevattt apply to the case of international investors and
investigate if they time the liquidity in this huged extremely liquid market. Considering the degre
of risk aversion and the relatively aggressiveestyof trading, we tentatively hypothesize that ¢hos
hedge funds that invest globally and transact &RK market have the ability to time the liquidity
the FX market. We address this hypothesis in Sest®2 and 3.3 by statistically testing them ahbot
the strategy and individual fund levels.

Our second research question concerns with thecdimpfathe recent financial crisis and the
subsequent quantitative easing (QE) programmesedgenfunds’ liquidity timing behaviour in the
FX market. The QE programmes in various countngge injected huge liquidity into the financial

markets since the financial crisis of 2007-2008. Wetatively hypothesize that the hedge fund

11
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managers behaved differently in timing the liquidif the FX market since the financial crisis and
this issue will be addressed in Section 3.4.

In addition to the above, our study also compahesdifferent styles of hedge funds and their
timing abilities and we ask the following questioiig) do these different strategy styles exhibit
similar liquidity timing abilities in the FX market(b) do these different strategy styles also tinee
market volatility and market return, apart fromuiidjity timing? These research questions will be

analysed in sections 3.4 and 3.5.

3.1. Model for testing liquidity timing in the FXanket

We investigate whether global derivatives hedged fumanagers time the liquidity of the FX
market by adjusting hedge funds’ exposure to thentaxket based on managers’ forecasts of future

FX market liquidity conditions. Following the tingnability model in the literature (Treynor and

Mazuy, 1966; Merton, 1981; Admati et al., 1986; i3ten, 1990), the bet;é’pyt of a fund or category
p in time periodt is modelled as a linear function of fund managexrgected market conditions, i.e.

B, =B, + A E(market conditiop, | ), where 3, captures the funds’ average beta without timing,

I, is the market information set available to thedfumanager in time periot], and/]p is the timing

coefficient. When the market liquidity condition used to forecast the beta in the liquidity timing

problem, we have
ﬂp,t:ﬂp+Ap(LM,t+1_EM+Up,t+1)' (3)

wherel,, .., denotes the liquidity level of the market in pertot+ 1 with an average df, . Asiitis

unrealistic for a timer to have a perfect signgl,,, represents a zero-mean forecast noise, unknown

until periodt +1. Note that following the market timing literatue.g., Ferson and Schadt, 1996;

12
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Busse, 1999), the manager’s signal is de-meanai;b’gracting[M for ease of interpretation. The

expression in the parentheses represents the nrahigecast signal using the market liquidity. The

coefficient Ap measures hedge fund managers’ liquidity timinglitsbin the market under

investigation. A positive value olp indicates that a hedge fund manager has liquiditing skills

by increasing (decreasing) the hedge fund’'s exposurthe market prior to the rise (fall) of the
market liquidity.

This paper focuses on the FX market. To capturentbeement of the FX market, we follow
Boyson et al. (2010) and use a FX market faéi¥i; at each time period that is defined to be the
change in the trade-weighted U.S. dollar exchaageindex published by the Board of Governors of
the U.S. Federal Reserve System.

In addition, to control for the other effects, weocaconsider a widely used model in the literature
for assessing hedge fund performances, i.e. thendgexetor model proposed by Fung and Hsieh
(2004). Hedge funds usually invest in derivativad a number of other markets (e.g. equity, bond,
commodity, etc.) and use dynamic trading strate@fesig and Hsieh, 1997, 2001; Mitchell and
Pulvino, 2001). Correspondingly the seven factacdude the equity market factor, the size spread
factor, the bond market factor, the credit spresuddfr, the bond trend-following factor, the curngnc
trend-following factor and the commodity trend-talling factor. Hence, we consider the following

eight-factor model:

7

rp,t+1 = ap + ﬁp,tFXFt+1+ yj f i ,t+1+ gp =+ (4)

=1

wherer is the excess return of hedge fupdin time periodt +1. fj,t+1 (j=1...7) stand for the

p,t+1
seven factors in Fung and Hsieh (2004)'s severfantodel. €,,,, denotes the error term in
periodt +1.

13
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For the FX market, Eq. (3) is re-written s, = 3, +)lp(LFX‘t+1— Loyt Un&l)' wherelL, .,
denotes the liquidity level in the FX market in ipert+1 and EFX is the average FX market

liquidity level. Substituting this equation into)(and including the forecast noisg ,,; within the
error term, we obtain the following liquidity tirmodel:

}
=@, + BFXFy + A FXF (Lo Lo+ Vi F et €pn s (5)

=1

r.p,t+1

Clearly, by controlling for the seven factors in.E§), we can estimate the timing ability coeffitie

A, more accurately.

With the above eight-factor-based liquidity timimgodel, we will test hedge fund managers’

liquidity timing ability in the FX market based dhe timing ability coef“ficient/1p in the next

sections.

3.2. Liquidity timing test at the category level

To gain a full picture about the liquidity timindpility of the global derivatives hedge funds, we
first pool all the hedge funds of the four stratemb-categories in ‘Global Derivatives'—that is,
‘Currency’, ‘Systematic Futures’, ‘Global Macro’,n@ ‘Volatility'—to investigate the average
liquidity timing ability across the entire ‘Globa8lerivatives’ category. As previously argued, global
derivatives hedge funds transact in the FX markdtraay treat currencies as an asset class. Liguidit
in the FX market is in general important to thegeds. We therefore hypothesize that, overall, the
global derivatives hedge funds have liquidity tiebility in the FX market.

To test this hypothesis, we perform an empiricallysis based on the liquidity timing model, Eq.

(5), where the FX market liquidity is measured hguidity (10). The results, as reported in the

14
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second column of Panel A in Table 2, show thagrafontrolling for the seven factors, the liquidity

timing coefficient)lp is positive and significant at the 1% significariegel. This implies that, on

average, the ‘Global Derivatives’ hedge fund mamagse the FX market liquidity condition as input
to forecast the FX market beta and adjust expadsute globally focused market.

To check for consistency, we repeat the analysib wie other two liquidity measures, i.e.
Liquidity (G10) and Liquidity (6), as displayed fanels B and C of Table 2. We can see that the
results in Panels B and C are consistent with tsbsevn in Panel A. The test for the liquidity tirgin
ability of the global derivatives hedge funds isrfore not dependent on the choice of the liquidit
measure of the FX market. In summary, the staistest confirms that, although the FX market is in
general considered to be extremely liquid, thereviglence indicating that the global derivatives
hedge funds did time the liquidity of the FX market

Next we take a closer look at the four sub-categooif the ‘Global Derivatives’ hedge funds, i.e.
‘Systematic Futures’, ‘Currency’, ‘Global Macro’ @fvolatility’.

Hedge fund managers in each of these four sub-@atsgmake investment decisions based on
different strategies and instruments; thereforés gxpected these hedge fund managers in different
sub-categories to have different liquidity timirtgjldies. In particular, the managers in the ‘Vdlat
sub-category mainly treat volatility as asset clasd attempt to profit from, for example, the trend
underlying the implied volatility discrepancies Wween related securities for volatility arbitrage
strategie§ The strategy of this sub-category is thereforgdly concentrated on exploiting volatility
patterns, rather than capturing the market liguidit addition, the managers in the ‘Global Macro’
sub-category base their investment decisions onagsessment of the broader macro-economic
environment by studying factors such as the gla@mainomy, government policies, interest rates,

inflation, and market trends, where the liquidigndition could be one of the trends, but unlikaly t

” Sources drawn from Morningstar (2014)
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be the main focus of the strategy. We thereformifibaite a hypothesis that, overall, the managers in
the ‘Volatility’ and ‘Global Macro’ sub-categoriedo not implement liquidity timing in the FX
market.

In contrast, the hedge fund managers in the ‘Cayfestrategy sub-category invest currency
portfolios in multiple currencies through the udesloort-term money market instruments, derivative
instruments, and cash deposits. It is not uncomfaopmedge fund to invest currency mainly as an
asset class as research reported in Nucera andt¥d@013) shows that the currency hedge funds
heavily involved in the money market and exploitedcarry trades to generate returns. On the other
hand, the managers in the ‘Systematic Futuresteglyasub-category trade liquid global futures,
options, and foreign-exchange contracts largelyateg to trend-following strategies. Hedge funds
in both sub-categories involve various technicallgses. We therefore formulate a hypothesis that
overall the managers in the ‘Currency’ and ‘Systemures’ sub-categories do implement liquidity
timing in the FX market.

To test the above two hypotheses, we perform eogpidnalysis for each of the four sub-
categories. The results of the analysis are reganteolumns 3 to 6 of Panel A in Table 2. We can
see that there are indeed great differences anentpur individual sub-categories in terms of their

liquidity timing ability. Controlling for the sevefactors, we find that the liquidity timing coefiénts

)Ip is significantly positive at the 1% level for tHeurrency’ and ‘Systematic Futures’ strategy sub-

categories. However, the timing ability coefficidot the ‘Global Macro’ and ‘Volatility’ strategy
sub-categories are not significant at the 1% dicpniice level. We repeat the analysis with the
Liquidity (G10) and Liquidity (6) measures with @stent results, as displayed in Panels B and C of
Table 2.

From the above empirical analysis, the sub-categdCurrency’ and ‘System Futures’ show

very strong liquidity timing ability in the FX magk On the other hand, there is not enough evidence
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to support that the ‘Global Macro’ and Volatilitgub-categories time the market liquidity; the
liquidity timing ability coefficient for the ‘GlobaMacro’ sub-category is only significant at the?a0
significance level with Liquidity(10) and Liquidif¢610), but not significant even at the 10% level
with Liquidity(6). Hence, overall the empirical dysis supports both hypotheses regarding these four

sub-categories.

[Table 2]

3.3. Liquidity timing test at the individual futel/el

The findings from the previous sub-section reveadlence of the liquidity timing ability at the
aggregate strategy level in the FX market. To frgubstantiate these findings, we now investiifate

the global derivatives hedge funds also acquingdity timing ability at the individual fund level.
[Table 3]

Specifically, we estimate the regression coeffitsarsing Eq. (5) for each fund in the ‘Currency’

and ‘Systematic Futures’ sub-categories, as welthas ‘Global Derivatives’ category. The null

hypothesis of)lp =0 is tested and the corresponding t-statistic isutated for each fung. Table 3

displays the distribution of the t-statistics fbetindividual hedge funds’ liquidity timing coefient,
where the numbers in the table are the percentblgedge funds with the t-statistics of the liquydit
timing coefficient that exceeds the indicated valueor example, 21.5% of the ‘Global Derivatives’
hedge funds have a t-statistic of the estimataddity timing coefficient that is greater than 1.96
general, Table 3 shows that a substantial porao{t 40%) of hedge funds is associated with a t-
statistic of the liquidity timing coefficient greatthan 1.28. This provides some evidence of ligyid

timing skills at the individual fund level.
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We also note from Table 3 that some hedge funde hatatistics smaller than -1.28, implying
that these hedge funds exhibit negative liquidityirig ability. As discussed in Cao et al. (2018)si
difficult to interpret a negative liquidity timingoefficient which suggests that fund managers adjus
portfolios” market exposure in the opposite diractio the direction used by those managers with
successful liquidity timing skills. We can see frohable 3, however, that the right tails of the

distribution of t-statistics are much thickéan the left tails.

3.4 Impact of the recent financial crisis on ligiyctiming

Liquidity played an important role in the recentancial crisis (see, e.g., Lou and Sadka, 2011,
Fahlenbrach, Prilmeier and Stulz, 2012). To evalufithere is any impact of the recent financial
crisis on the liquidity timing behaviour of hedgenfls’ managers, we compare the findings on the
managers’ liquidity timing ability in the time ped before the recent financial crisis (January 1999
July 2007) with the period since August 2007, whire period is chosen based on those in the
literature (see, e.g., Ben-David, Franzoni and Maus, 2012).

Table 4 presents the comparison results for therékffter financial crisis periods. First, we note
that the obtained results reaffirm the liquiditgnitng skills of the ‘Global Derivatives’ hedge funds
since August 2007 at the 1% significance level, neag in the pre-financial period there is no
evidence of liquidity timing skills at the 1% sifjpance level for the ‘Global Derivatives’ hedge
funds as a whole. This suggests that the manag&esotal Derivatives’ hedge funds have paid more
attention to the FX market liquidity condition sinthe recent financial crisis.

Next, Table 4 suggests that hedge fund managebstim ‘Currency’ and ‘Systematic Futures’
strategy sub-categories show stronger liquidityrigrability in the period since August 2007 thaa th
pre-financial crisis period: (a) the liquidity timg coefficient for the ‘Systematic Futures’ sub-
category is significant at the 1% significance ldmaethe period since August 2007, whereas it is no

significant at the 1% significance level prior teetrecent financial crisis; and (b) for both ‘Cuncg’
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and ‘Systematic Futures’ strategy sub-categoriesliguidity timing coefficient is larger in the ped
since August 2007, compared to those prior to ¢ksemt financial crisis.

These findings also imply that liquidity timing #&iexist prior to the financial crisis for some
funds and it was further shown to be also presannd the post crisis period. This is true for the
currency hedge funds, but strong evidence of tinainidjty only exists in the post crisis period toe
systematic future hedge funds.

Finally, we offer some further comments on liquiditming. The liquidity of the FX market, in
relation to its operational function such as thprd fix, presents good opportunities for timing the
market profitably. For example, FX traders/brokeisy break down large orders into smaller chunks
to control for trading volume subject to the markegtidity and then to time it appropriately so tha
the effects on price and profitability would not lmgége as the time drew nearer to 4 pm. This is more
so if currency is treated as an asset class arlgtalple to the currency hedge funds. In the cadbef
systematic future hedge funds, we observe a weakdence of timing prior to the financial crisis
period. As the assets underlying the systematierést hedge funds are those consisting of global
options and futures markets, there may be joinintjnstrategies targeting at both the FX and the
underlying derivative markets This may have resulted in the concentration drel degree of
involvement in the FX market to be different tottbithe currency hedge funds, resulting in weaker
evidence prior to the recent financial crisis.

As for the post crisis period, following the sevezpisodes of QE from various countries and in
different periods, this provided opportunities taserve liquidity in the FX market to time for entry
and exit points for profit making opportunities.thre post financial period, both the U.S. and thi€.U
implemented their respective QE programmes. Thés@Horm of credit creation that inject liquidity

to the financial market, aiming at putting downwamessure on the interest rate moving forward;

8 Li, et al (2017), for example, has found evidesgpporting joint liquidity timing across the equityd bond markets for the debt-oriented
hedge funds
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hence it caused predictable changes in the intextestifferentials among the many currency pairs i
trading, particularly those that were U.S.- and kbKsed currency pairs. This explains the
importance of timing the QE programmes as an apjatepstrategy since such programs include not
only one-off plan to purchase securities, but alsgular ones to make securities purchases in
subsequent periotsThis may provide good profit opportunities by egiately timing the liquidity
condition and reveal relatively stronger resultsrefor the systematic futures hedge funds in trst po
crisis period. This shows that the implementatibthe QE programmes might have an effect on their

involvements and the execution of liquidity timisigategies in the FX market.

[Table 4]

3.5 Effects on return timing and volatility timing

Hedge fund managers may use a sophisticated $ietinfy strategies to hedge risks in financial
markets (see, e.g. Chen and Liang, 2007; Li & 7). In this section, we extend model (5) to ifest
the hedge fund managers in the ‘Currency’ and &yatic Futures’ sub-categories also use other
timing skills such as return and volatility timingshis analysis also serves a robustness check to
investigate if the liquidity timing ability revealén the previous section can be attributed tarétern
timing and volatility timing.

In the literature, there is some evidence thatKenarket liquidity has positive relation with FX
market returns and negative relation with FX mankaatility (Berger, Chaboud and Hjalmarsson,

2009; Melvin and Taylor, 2009; Bubak, Kocenda arkeZ 2011; Danielsson and Payne, 2012;

° The U.S. QE3 in 2012 led to some market speculatio 2013 following further plans to purchase sigies later the year as announced in
June 2013. This occurred as the market startegletutate the timing of the "tapering” of the aggethased to be made by the U.S. Fed.
Market sources such as those reported in the FaU&t, D. “Forex trading shrinks sharply in diseradl to 2013". Financial Time3.
January 2014) revealed that the wrong interpretaifdhe timing had led to suffering of lossesiagsrom wrongly betting the direction of
the FX market. Both the systematic currency andrdt®nary hedge funds were affected, and had keeeto the collapse of “FX concept”
in the last quarter of 2013. Furthermore, the trgdiolume in the FX market was also affected bycthretinued probe into the suspected
cases of manipulation of the benchmark rates iruthe It was also noted that the average dailyitrgdolumes at ICAP, the world’s
biggest interdealer broker, fell to $71bn in Decen®013, a 23 percent drop from the same montld12 2nd the lowest level since ICAP
bought its currency trading business EBS in 2006.

20

Page 20 of 48



Menkhoff et al., 2012; Mancini et al., 2013). Hedged managers may have the skills to time the FX
market returns or volatility. Thus, managers’ ldjty timing skills could partially reflect their diby
of timing returns or volatility. To investigate shpossibility, we control for the FX market retuarsd

volatility timing skills and extend Eq. (5) as folis:
(ot = 0+ BFXF + A FXF (Lo 1= L) + 6 FXFZ,

J

+0,FXF VOl 1y ~VOIx )+ ¥, £+ £, s (6)
=1

j
whereVol, .., is the realized FX market volatility in time pedib+1, which is calculated as the

standard deviation of daily market returns in peie-1, andVolex is the mean value of the FX
market voIatiIity.¢p and Hp denote the return timing coefficient and volatiltiming coefficient
respectively.

Table 5 reports the results on liquidity timingliskin the FX market after controlling for the FX
market return timing and volatility timing. All thestimates of the liquidity timing coefficier;rlp are
statistically significant at the 1% level and thustrongly supports that these hedge fund managers
have liquidity timing skills in the FX market. Thefore, the managers’ liquidity timing ability carino
be fully attributed to the positive link betweerethX market liquidity and returns or the negative
connection between FX market liquidity and volatiliThe results of successful liquidity timing kil

in Table 5 emphasize that timing FX market liquidis important for hedge funds’ professional

portfolio management.
[Table 5]

Interestingly, the results in Table 5 also show es@vidence that the managers in the ‘Systematic

Futures’ style have volatility timing ability; theolatility timing coefficienté?p is significant at the
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5% level. However, this is not the case for thart€ncy’ style. This could be due to the reason tha
the former trades in diversified global markets weheolatility differs in different markets (e.g.

commodities, bonds, equity indexes, etc.), whetieadatter focuses on money market only. In this
case, the ‘Systematic Futures’ hedge funds may viotatility of the FX market to cushion against

volatility exposure underlying the foreign derivatiassets.

4, Robustness checks and alter native explanation

This section consolidates the main findings by uradéng various robustness checks.
Specifically we will: (a) check robustness agaithista bias and funds’ size; (b) explore an important
alternative explanation and investigate if the reifiquidity revealed in the previous sections ban

attributed to other factors such as funding congisaand (c) investigate statistical robustness.

4.1 Robustness against data bias and funds’ size

Hedge fund data sold by database vendors may ptgrontain biases which must be carefully
examined. This section discusses and addressasplaet of two important types of data bias, i.e.
survivorship and backfilling biases, and also exasithe size effect.

First, we follow the literature and include botlveliand defunct funds in all the analyses
throughout this study. It is clear that, if fundstehe database mainly due to poor performandes, t
inclusion of defunct funds is necessary to mitighte survivorship bias.

The backfill biad® arises because a hedge fund could backfill itetisl performance when it is
added to a database. To address this bias, wevfdlwamov, Kosowski, Naik and Teo (2011), Fung
and Hsieh (2000, 2011), and Cao et al. (2013),daschrd hedge funds’ first 12 months of returns

considering backfill effects. We re-analyse thebpem and display the obtained results in Table 6.

°Other biases such as selection bias are diffioudtxamine because we do not observe funds thasehuat to report to any database.
Nevertheless, the literature (e.g. Fung and HdieB7; Agarwalget al2013) shows evidence that the selection bias doeikimited.
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It can be seen from Table 6 that for hedge fundagars in both ‘Currency’ and ‘Systematic
Futures’, as well as for the whole ‘Global Deriva’ category, the liquidity timing coefficient is
significant at the 1% level. This indicates thatdumanagers in these sub-categories have liquidity
timing ability in the FX market. Hence, after cailing for the backfill bias, the findings are
consistent with those obtained in Table 2.

Care must be taken, however, when reading thetsesulTable 6. Because the analysis here
requires all funds to have at least 24 monthlyrretwafter their backfill periods, it tilts the saep
towards funds with longer histories. This leadsekeluding younger funds and funds with short

histories from the analysis.

[Table 6]

We now test the effect of hedge funds’ size on miatkuidity. There is a concern that the
liquidity timing discovered in the previous secsois mainly driven by the impact of large funds’
trading in the market. In order to reduce the éftéddarge trades on the FX market liquidity timjng
we investigate two smaller hedge fund subgroups vath AUM less than $150 million and the other
with AUM less than $50 million respectively, wheaecording to the regulation of the Dodd-Frank
Wall Street Reform and the Consumer Protection #c2010, hedge funds with AUM of at least
$150 million are considered to be large. We use ¢hiterion to differentiate large size and smedés

hedge funds.

[Table 7]

Panels A and B of Table 7 display the liquidity itign coefficient for hedge funds with AUM less
than $150 million and $50 million respectively.cin be seen that hedge funds under investigation

show successful liquidity timing skills in the FXanket in both cases where all the liquidity timing
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coefficients are significant at the 1% significariegel. This indicates that hedge fund managers’

successful liquidity timing ability in the FX markis not driven by the funds’ size.

4.2. Funding constraints: an alternative interggon

In this sub-section, we explore whether the liqyidiming ability revealed in the previous
sections has an alternative interpretation.

Our main concern is about the effect of marketrfgiag condition on the operation, performance
and the timing ability of the hedge funds. In tle®sse, funding liquidity may drive hedge fund
managers’ liquidity timing ability in the FX markeThe prime brokers normally use short-term
funding to provide leverage to hedge funds. Howeliedge funds can be forced to liquidate their
assets’ positions by sudden margin calls. Duridgy@dity crisis period, these forced liquidations
could happen to many hedge funds simultaneouslg @uthe destabilization of margins, funding
liquidity and market liquidity of the assets canrbetually reinforcing during market liquidity shagk
leading to liquidity spirals (Brunnermeier and Pmséa, 2009). It is possible that the hedge funds’
reduction of FX market exposure during liquiditysts periods is caused by the increase of borrowing
costs or cutting of funding by prime brokers, whipbtentially leads to the reduction in the foreign
derivative assets’ investments, in the case ofjtbleal derivatives hedge funds, and may impact upon
the timing ability.

Now, we investigate the impact of market fundirmpstraints on hedge fund investors. To
control for the impact of market funding constrajire use the TED measure, which is the difference
between the three-month London Interbank Offeretd RABOR) and the three-month Treasury bill
rate (Brunnermeier et al., 2008; Banti and Phyfakt012; Menkhoff et al., 2012; Nucera and Valente,
2013). The TED spread reflects the market percenathterparty default risk and a wider TED

spread indicates an increase of counterparty defakl This may impact upon the cost that the prim
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broker would charge when providing higher borrowlagerages to the hedge funds. To take into

consideration the impact of TED spread, we moddy () as:

Mo =a0p+ ﬁprFHl + pFXFt+1( Lex o1~ EFx)

p,t+l

7
+¢pFXFt+lTEq+1+ :Bj fj;+1+ ‘gp t+1 (7)
j=1

whereTED,,, is the TED spread in month+1.

Table 8 reports the estimated liquidity tiisoefficients considering the effect of funding
constraints. We find that all the estimates oflitpeidity timing coefficient are statistically sigrcant
at the 1% significance level, which is consisteithvhe findings in Table 2. Hence, the evidence of

successful liquidity timing ability does not charafeer controlling for the effect of TED spread.

[Table 8]

4.3. Statistical robustness: bootstrap analysis

This subsection conducts bootstregmalysis for the main findings reported in Secti@2 and
3.3. The results obtained in Sections 3.2 and &d&xd on the normality assumption which may not
be valid for some hedge returns. To address thiseiswe carry out bootstrap analysis where the
normality assumption is removed.

More specifically, we test whether thatatistic of the estimated liquidity timing coeiént for

the actual hedge funds is statistically differanint that bootstrapped hedge funds without liquidity

1 See Efron (1979) and Davidson and Hinkley (1997 pfooverview of bootstrap methods.
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timing skills. We bootstrap thestatistic rather than the liquidity timing coeféiat per sebecause the
t-statistic is pivotal (Chen and Liang, 2007).

We first consider bootstrap analysis at the cated¢mrel. The bootstrap analysis includes four

steps. First, for hedge fund categopy, we run Eg. (5) and save the estimated coeffisient

A

{ap,ﬁp,/]p,...} and the time series of regression residt{é§t+l,t:0,... ,Tp—j} , WhereTp

stands for the number of monthly returns for Second, we randomly resample the hedge fund’'s
residuals with replacements and generate time$efieesidua{2‘gyt+l} . We resampleB times, and

thusb=1,2,... ,B. Then, we obtain a hypothetical hedge fund’'s mignéixcess returns by setting

the liquidity timing coefficient to zero in Eq. (&% follows:

~ 7
rb :ap+ﬁpFXFt+1+ yjfj,t+1+€t;)),t+1' (8)
=1

i
Third, we estimate Eq. (5) by employing the hyptttad hedge fund's monthly excess retun§§+l

in Eq. (8) and save the estimated liquidity timicwefficient and t-statistic. Note that because the
hypothetical hedge fund has no liquidity timingldi any nonzero liquidity timing coefficient are
statistic are contributed to sampling variationufte, we repeat the first three steps Botimes to
generate distributions of the above t-statistice $¥tB to be 5,000 in the bootstrap analysis and
calculated the corresponding p-value defined as fteguency that the statistical values of
hypothetical hedge funds frofd time simulations exceed the statistical valueafttual hedge funds.

Table 9 displays the bootstrap analysis resultshedlge fund managers’ liquidity timing

coefficient and the corresponding p-value for testhe null hypothesis\p =0 without imposing the

normality assumption. It can be seen that the peslin Table 9 are all small, providing strong
evidence of liquidity timing at the category levélhis indicates that, without the normality

assumption, the main results obtained in Sectidra still valid.
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[Table 9]

Next, we perform bootstrap analysis at the indigidund level. Because the number of the funds
under investigation is huge, we only show the tedok top and bottom funds. More specifically, for
each hedge fungd within a fund category (sample), bootstrap analysicarried out in the same way
as outlined for the category level. We repeat itst three steps for all actual hedge funds in the
sample, and hence we can obtain the cross-sectgtaastics, such as the top 5 percentile, of
estimated liquidity timing coefficients and t-stditts for all sample hedge funds. Finally, we répea
these steps foB = 5,000 times to generate hedge funds’ empirical distrdsubf the t-statistic, such
as the top 5 percentile. For a given cross-sedtitatistic, we calculate its empirical p-valueths
frequency that the values of the bootstrapped &estonal statistic (e.g., the top 5 percentite)the
pseudo-funds fronB simulations exceed the actual value of the crestienal statistic. See Cao et
al. (2013) for further detailed description for th@otstrap analysis.

Table 10 reports the t-statistics and the corredipgnp-values at different extreme percentiles
obtained in the bootstrap analysis at the indiMiduad level. The extreme percentiles we choose
include the bottom 1%, 3%, 5% and 10% and the %6p3%, 5% and 10%. Based on the p-values in
Table 10, we find that hedge funds with top t-stats of the liquidity timing coefficient have
liquidity timing skills, which do not come from paituck. For example, the t-statistic of the top 3%
percentile hedge funds within the ‘Global Derivasi category is 3.732 and its corresponding p-
value is 0; this indicates that the top 3% ‘Globalivatives’ hedge funds have liquidity timing atyil
in the FX market. In general, the evidence in Tablereveals that the top-ranked hedge fund
managers have successful liquidity timing skills tre FX market. This indicates that, at the
individual fund level, the main results in Secti®3 are still valid for the top-ranked funds withou

requiring the normality assumption.

[Table 10]
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5. Discussion and conclusions

This paper investigates hedge funds’ liquidity timability in the FX market. Most studies in this
area, however, have been focused on the equityband markets. The FX market is the world’s
largest financial market and regarded as extreiigghid (Mancini et al., 2013), with an average gail
trading volume that was reported to be an estimatedrillion US Dollars in April 2016 based on a
recent survey (Bank for International Settleme@d,6). In a market with trading volume of such an
enormous scale, what is the additional implicatbtiquidity condition for hedge funds, especiailty
relation to their style of trading? To provide leetinsight into this issue, this paper also relates
liquidity in the FX market to the recent QE progrags implemented by the various countries in
which huge liquidity is injected into the financialarkets. Did these liquidity injections motivate
hedge funds to time the liquidity in the FX marfatowing the likely impact on the FX market? This

is also a question this paper aims to address.

To do this, we begin by investigating whether heftignels implement timing strategies in the FX
market, particularly those with investment styleatthave a greater focus in the FX market, such as
the global derivative hedge funds which are knowngerate in a less restrictive market environment
that allows the exploitation of more opportunitiexderlying investment and exposure managements.
Our findings reveal evidence of liquidity timingiktty of the global derivatives hedge funds in the
FX market, especially the timing ability underlyitlge systematic and discretionary styles of trading
which are known to be followed by the ‘CurrencyddBystematic Futures’ hedge funds.

The findings also show differences in the liquiditying skills between the ‘Systematic Futures’
hedge funds and the ‘Currency’ hedge funds. Thé&terehces could be explained by the types of
markets transacted by these two types of hedgesfuFite ‘Systematic Futures’ hedge funds trade

liquid global futures, options and FX contractslikenthe currency hedge funds which invest mainly
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in currency portfolios through short-term money kediinstruments, derivative instruments and cash
deposits. This implies the ‘Systematic Futures’ deedunds face two main exposures in their
investments that consist of the sources from theRdthe foreign assets markets. This may lead to
difference in the use or perception of the FX marfke profit making or for managing exposure
purpose. Unlike the ‘Currency’ hedge funds, thest8ynatic Futures’ hedge funds possess volatility
timing ability alongside liquidity timings abilityThis could be explained by the needs to manage
exposure underlying the foreign derivative asséstiming the volatility in the FX market. This
contributes to cushioning exposure against valgiiti the foreign derivative assets’ markets.

We have also investigated the liquidity timing @bibefore and during/after the recent financial
crisis periods. Our findings reveal both the ‘Cany and ‘Systematic Futures’ hedge funds exhibit
evidence on timing the liquidity of the FX markétsthese two periods. Particularly for the period
since August 2007, in which a few episodes of tliei@plementations were known to have taken
place in the US, UK, Japan and some European ¢esniews sourc&sreported the currency hedge
funds to have attempted to use the dates of therQgtams as important point(s) of entering/exiting
the FX market. This provides good support for fingings.

Finally, existing findings in Kazemi and Li (2009hows that the systematic and discretionary
Commodity Trading Advisor (CTAS) that invest exteedy in the futures and options markets are
able to time the market returns and volatility e futures and commodity markets they claimed to
have specialized. In support of Kazemi and Li (2008ur findings imply that, when similar
systematic and discretionary styles of tradingiem@emented by the global derivatives hedge funds,
we show that timing skills are possible to extemdiming the liquidity condition of the FX market,

further contributing to the planning and implemeiota of successful investment strategy.

12 5ee footnote 9
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Table 1

Summary statistics

Variables N Mean Median Standard 25% 75%
Deviation

Panel A: Summary of hedge fund returns

Global Derivatives 1323 0.758 0.641 1.993 -0.590 048.
Currency 70 0.595 0.483 1.539 -0.291 1.345
Global Macro 498 0.730 0.663 1.253 -0.112 1.424
Systematic Futures 707 0.802 0.631 2.969 -1.302 022.9
Volatility 48 1.063 0.861 2.155 -0.075 2.047

Panel B: Summary of factor data

MKT 0.155 0.768 4.568 -2.161 3.134
SMB 0.368 0.253 3.477 -1.536 2.520
BMF -0.017 -0.010 0.278 -0.213 0.143
CSF 0.002 0.000 0.249 -0.120 0.093
PTFSBD -2.539 -5.025 14.695 -13.405 3.350
PTFSFX -0.430 -4.860 18.729 -13.628 8.340
PTFSCOM -0.710 -4.180 14.235 -0.788 5.910
FXF 0.127 0.101 2.146 -1.044 1.491

Panel C: Summary of liquidity measures

Liquidity(10) -0.054 -0.049 0.013 -0.057  -0.046
Liquidity(G10) -0.056 -0.051 0.014 -0.060  -0.048
Liquidity(6) -0.044 -0.041 0.011 -0.046  -0.038

Note: This table provides a statistical summaryhefdata used in the empirical analysis. PanelAnsarizes
average monthly returns on the global derivativegeefunds and its four sub-categories. The monttiyrns
are in percentage per month. N denotes the nunfbeedge funds that exist during the sample peridte
study includes both live and dead hedge funds irsample. Panel B summarizes the Fund-Hsieh seaar§
and the foreign exchange market factor (FXF). Theigiht factors are used to benchmark hedge funds’
performances. Specifically, the Fund-Hsieh sewaetofs include the market excess return (MKT) za §actor
(SMB), monthly change in the ten-year treasury tamsmaturity yield (BMF), monthly change in the dtty’'s
Baa vyield less ten-year treasury constant matwigyd (CSF), and three trend-following factors tlae
PFTSBD (bond), PFTSFX (currency), and PFTSCOM (contity). The foreign exchange market factor (FXF)
is the change in the trade-weighted U.S. dollaharge rate index. Panel C summarizes the liquidi#psures
in the foreign exchange market, i.e., Liquidity(1Q)iquidity(G10), and Liquidity(6). The measure of
Liquidity(10) is calculated using negative illiqitig in equation (2) with a basket of 10 currencgminst U.S.
dollar, including Australian dollar (AUD), Britispound (GBP), Canadian dollar (CAD), Danish kron&KD,
Euro (EUR), Japanese yen (JPY), New Zealand d(WZD), Norwegian krone (NOK), Swedish krona (SEK)
and Swiss franc (CHF). The measure of Liquidity(§5i0calculated using negative illiquidity in eqiaat (2)
with a basket of G10 currencies comprising AUD, CAIHF, EUR, GBP, JPY, NOK, NZD, SEK, and the U.S.
dollar (USD). The measure of Liquidity(6) is calatdd using negative illiquidity in equation (2) wia basket
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of 6 major currencies including AUD, CAD, CHF, EURBP and JPY. The sample period is from January
1999 to December 2012.

Table 2

The results for liquidity timing analysis for theobll derivative hedge funds and the
different hedge fund sub-categories

Global Currency Global Systematic  Volatility
Derivatives Macro Futures
Panel A: Liquidity(10)
A, 15.765 15.512 4.796 24.262 6.430
(3.32**) (4.02**) (1.66%) (3.40**) (1.08)
PTFSBD | 0.021 -0.008 0.008 0.033 0.031
(2.25*) (-1.08) (1.36) (2.31*) (2.60***)
PTFSFX | 0.029 0.035 0.009 0.040 -0.001
(3.55**) (5.39**) (1.92%) (3.34**) (-0.10)
PTFSCOM| 0.023 -0.003 0.009 0.035 0.006
(2.30*) (-0.33) (1.52) (2.39*%) (0.51)
EMF 0.001 0.002 0.095 -0.052 -0.057
(0.01) (0.08) (4.28*) (-0.95) (-1.23)
SSF 0.113 0.020 0.120 0.124 0.103
(2.99**) (0.66) (5.27%*) (2.19*) (2.18*)
BMF -1.029 -1.171 -0.791 -1.110 0.113
(-1.69%) (-2.37*) (-2.14*%) (-1.21) (0.15)
CSF -0.388 -1.231 -0.547 -0.156 0.678
(-0.53) (-2.07*) (-1.23) (-0.14) (0.74)
FXF 0.251 0.122 0.113 0.383 -0.051
(3.43**) (2.06**) (2.54**) (3.49%+) (-0.55)
Constant | 0.520 0.316 0.471 0.572 0.950
(4.04**) (3.02**) (6.04***) (2.96**) (5.87**)
Adj R® 0.332 0.261 0.368 0.326 0.080
Panel B: Liquidity(G10)
A, 14.833 14.693 4.587 22.766 5.838
(3.31**) (4.05**) (1.69%) (3.38**) (1.04)
PTFSBD | 0.0217 -0.008 0.008 0.0333 0.0311
(2.27*%) (-1.05) (1.37) (2.32*%) (2.59**)
PTFSFX | 0.0285 0.035 0.009 0.040 -0.001
(3.54**) (5.37**) (1.91%) (3.32**) (-0.10)
PTFSCOM| 0.023 -0.002 0.009 0.036 0.006
(2.32*%) (-0.30) (1.53) (2.41*%) (0.50)
EMF 0.001 0.003 0.096 -0.051 -0.057
(0.04) (0.112) (4.29%*) (-0.93) (-1.23)
SSF 0.112 0.020 0.120 0.123 0.103
(2.99**) (0.65) (5.27%*) (2.18*) (2.18*)
BMF -1.039 -1.184 -0.797 -1.124 0.111
(-1.70%) (-2.40%) (-2.15*) (-1.23) (0.15)
CSF -0.403 -1.249 -0.554 -0.177 0.677
(-0.55) (-2.10*) (-1.24) (-0.16) (0.73)
FXF 0.252 0.123 0.113 0.384 -0.051
(3.44%*) (2.08**) (2.55**) (3.50***) (-0.56)
Constant | 0.517 0.312 0.470 0.567 0.950
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(4.01%*) (2.99%*+*) (6.02%*) (2.93%) (5.87***)
Adj R? 0.332 0.262 0.369 0.326 0.079
Panel C: Liquidity(6)

A, 19.13 24.447 5.463 28.593 4.861
(3.10%*) (5.04**) (1.46) (3.08***) (0.63)

PTFSBD | 0.0208 -0.008 0.008 0.032 0.032
(2.17%) (-1.04) (1.31) (2.21*%%) (2.68***)

PTFSFX | 0.027 0.032 0.009 0.037 -0.001
(3.26***) (4.98***) (1.79% (3.05***) (-0.08)
PTFSCOM| 0.0248 0.001 0.010 0.039 0.006
(2.50*%) (0.08) (1.61) (2.59*%) (0.47)

EMF 0.007 0.013 0.097 -0.0423 -0.057
(0.20) (0.46) (4.33*) (-0.76) (-1.23)

SSF 0.105 0.014 0.118 0.112 0.106
(2.80%**) (0.48) (5.18*%) (1.99*%%) (2.26*%)

BMF -0.749 -0.935 -0.704 -0.674 -0.021
(-1.25) (-1.98*) (-1.94%) (-0.75) (-0.03)

CSF -0.016 -0.898 -0.432 0.422 0.509
(-0.02) (-1.58) (-0.99) (0.39) (0.56)

FXF 0.244 0.115 0.111 0.373 -0.049
(3.33**) (1.99*%) (2.49*) (3.38***) (-0.53)

Constant | 0.513 0.295 0.470 0.563 0.946
(3.96**) (2.89***) (5.99**) (2.89***) (5.82***)

Adj R® 0.326 0.298 0.366 0.318 0.075

This table reports the coefficients and t-statsstid the liquidity timing model (5). Column (2) daims the
results combining all funds in the ‘Global Derivests’ category that include the “Currency”, “Systdima
Futures”, “Global Macro”, and “Volatility” strateggub-categories. Columns (3)-(6) display the redoit each

of these four sub-categories. The coefficignmeasures foreign exchange market liquidity timébgity. The
measures of foreign exchange market liquidity, Liiguidity(10), Liquidity(G10), and Liquidity(6), i@ used in
each of the three panels respectively, where tresuame of Liquidity(10) is calculated using negaiiliquidity

in equation (2) with a basket of 10 currencies agfal).S. dollar, including Australian dollar (AUDBritish
pound (GBP), Canadian dollar (CAD), Danish kron&K), Euro (EUR), Japanese yen (JPY), New Zealand
dollar (NZD), Norwegian krone (NOK), Swedish krof8EK) and Swiss franc (CHF). The measure of
Liquidity(G10) is calculated using negative illigity in equation (2) with a basket of G10 currescie
comprising AUD, CAD, CHF, EUR, GBP, JPY, NOK, NZBEK, and the U.S. dollar (USD). The measure of
Liquidity(6) is calculated using negative illiquidiin equation (2) with a basket of 6 major curiieadncluding
AUD, CAD, CHF, EUR, GBP and JPY. The numbers inep#lieses are t-statistics. *, ** and *** indicateat

the coefficient is significantly different from zeat the 10%, 5%, and 1% levels, respectively.
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Table 3

Distributions of t-statistics for the individual dige funds’ liquidity timing coefficient

t=-2.326 t=-1.960 t=-1.645 t=-1.282 t=1.282 t=1.645 t=1.960 t=2.326

Panel A: Distribution of t-statistics (Liquidity(2)0

Global Derivatives 0.026 0.037 0.059 0.098 0.364 280. 0.215 0.160
Currency 0.014 0.029 0.057 0.071 0.400 0.371 0.286 0.214
Systematic Futures 0.007 0.011 0.024 0.058 0.434 349. 0.270 0.215

Panel B: Distribution of t-statistics (Liquidity(®))

Global Derivatives 0.027 0.039 0.060 0.096 0.364 270. 0.212 0.160
Currency 0.014 0.014 0.057 0.071 0.386 0.371 0.286 0.214
Systematic Futures 0.007 0.014 0.024 0.058 0.433 3420. 0.272 0.215

Panel C: Distribution of t-statistics (Liquidity(6)

Global Derivatives 0.024 0.039 0.060 0.086 0.335 246. 0.194 0.138
Currency 0.014 0.029 0.057 0.057 0.429 0.286 0.2710.171
Systematic Futures 0.004 0.016 0.031 0.054 0.375 2900. 0.228 0.170

Note: This table summarizes the distributions of tkstatistics for cross-sectional individual hedgads’
liquidity timing coefficientd, in the equation (5). The numbers in the table heepercentage of hedge funds
with the t-statistics of the estimated liquiditynthg coefficients that exceed the indicated valdd® measures
of foreign exchange market liquidity, i.e. Liquig(it0), Liquidity(G10), and Liquidity(6), are used each of
the three panels respectively, where the measuildqoidity(10) is calculated using negative illigity in
equation (2) with a basket of 10 currencies agdinSt dollar, including Australian dollar (AUD), Esh pound
(GBP), Canadian dollar (CAD), Danish krone (DKKWrg (EUR), Japanese yen (JPY), New Zealand dollar
(NZD), Norwegian krone (NOK), Swedish krona (SEK@awiss franc (CHF). The measure of Liquidity(G10)
is calculated using negative illiquidity in equati(?) with a basket of G10 currencies comprisingDACAD,
CHF, EUR, GBP, JPY, NOK, NZD, SEK, and the U.Slalo{USD). The measure of Liquidity(6) is calculhte
using negative illiquidity in equation (2) with asket of 6 major currencies including AUD, CAD, CHIUR,
GBP and JPY.
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Table 4

The liquidity timing coefficient during the finant¢ierisis period

Time period: January 1999 — July 2007

Liquidity(10) Liquidity(G10) Liquidity(6)
Ay Ay Ap
Global Derivatives ~ 9.159 8.686 11.421
(1.62) (1.63) (1.69%)
Currency 14.673 14.033 21.463
(2.97%) (3.01%) (3.70%+)
Systematic Futures  14.815 13.924 17.728
(1.73% (1.72%) (1.73%

Time period:August 2007 — December 2012

Liquidity(10) Liquidity(G10) Liquidity(6)
Ay Ay Ap
Global Derivatives  30.996 28.833 52.768
(2.93**) (2.92**) (2.54**)
Currency 20.287 18.595 36.178
(2.77%) (2.72%*) (2.53*)
Systematic Futures  45.991 42.906 74.625
(2.92**) (2.92**) (2.40%%)

This table reports the estimated liquidity timirapfficients and their t-statistics in the liquiditgning model (5)

in different time periods, respectively. The caséfntd, measures foreign exchange market liquidity timing
ability. The measures of foreign exchange markgtfidiity, i.e. Liquidity(10), Liquidity(G10), and buidity(6),
are used in each of the empirical analyses resgdgtiwhere the measure of Liquidity(10) is cal¢ethusing
negative illiquidity in equation (2) with a bask#t10 currencies against U.S. dollar, including #aigan dollar
(AUD), British pound (GBP), Canadian dollar (CADanish krone (DKK), Euro (EUR), Japanese yen (JPY),
New Zealand dollar (NZD), Norwegian krone (NOK), &lish krona (SEK) and Swiss franc (CHF). The
measure of Liquidity(G10) is calculated using negatilliquidity in equation (2) with a basket of G1
currencies comprising AUD, CAD, CHF, EUR, GBP, JMNOK, NZD, SEK, and the U.S. dollar (USD). The
measure of Liquidity(6) is calculated using negatilliquidity in equation (2) with a basket of 6 joa
currencies including AUD, CAD, CHF, EUR, GBP andrJAhe numbers in parentheses are t-statisticss *,
and *** indicate that the coefficient is significdy different from zero at the 10%, 5%, and 1% leyve
respectively.

**** This period covers those during and after fireancial crises, following those in Ben-David,a12012).
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Table 5

The liquidity timing coefficient after controllingf foreign exchange market return and
volatility timings

Global Derivatives
Currency

Systematic Futures

Global Derivatives
Currency

Systematic Futures

Global Derivatives
Currency

Systematic Futures

Ay

15.649
(3.28*)

15.380
(3.91%)

24.081
(3.34%)

Ay

14.687

14.566
(3.93*)

22.550
(3.31%)

Ay

20.234
(3.31%)
24.751
(5.05%++)

29.814
(3.21%)

(3.26%)

Panel A: Liquidity(10)
P

-0.0202
(-1.01)

-0.004
(-0.21)

-0.023
(-0.75)

Panel B: Liquidity(G10)
P

-0.020
(-1.01)

-0.004
(-0.22)

-0.023
(-0.75)

Panel C: Liquidity(6)

P
-0.019
(-0.95)

-0.004
(-0.28)

-0.020
(-0.67)

0.758
(2.53%)
0.211
(0.85)
0.890
(1.96%)

0.754
(2.52%)
0.207
(0.84)
0.884
(1.95%)

0.841
(2.80%+)
0.310
(1.28)
1.012
(2.22%)

This table reports the estimated coefficients gdilility timing, volatility timing and return timingand their t-
statistics in the timing model (6). The coefficidgtmeasures foreign exchange market liquidity tinmaigity.

The coefficients;-:'?J andﬁ'?, measure the foreign exchange market return-tiraimd) volatility-timing abilities.
The measures of foreign exchange market liquidigy, Liquidity(10), Liquidity(G10), and Liquidity(f are
used in each of the three panels respectively, avtiter measure of Liquidity(10) is calculated usmegative
illiquidity in equation (2) with a basket of 10 cancies against U.S. dollar, including Australianlar (AUD),
British pound (GBP), Canadian dollar (CAD), Daniglone (DKK), Euro (EUR), Japanese yen (JPY), New
Zealand dollar (NZD), Norwegian krone (NOK), Swéddisona (SEK) and Swiss franc (CHF). The measure of
Liquidity(G10) is calculated using negative illigity in equation (2) with a basket of G10 currescie
comprising AUD, CAD, CHF, EUR, GBP, JPY, NOK, NZBEK, and the U.S. dollar (USD). The measure of
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Liquidity(6) is calculated using negative illiquigiin equation (2) with a basket of 6 major curiesdncluding
AUD, CAD, CHF, EUR, GBP and JPY. The numbers irep#iieses are t-statistics. *, ** and *** indicateat
the coefficient is significantly different from zeat the 10%, 5%, and 1% levels, respectively.
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Table 6

The liquidity timing coefficient after controllingf backfill bias

Liquidity(10) Liquidity(G10) Liquidity(6)
Ay An An
Global Derivatives 16.621 15.638 20.305
(3.36***) (3.36***) (3.17%x)
Currency 16.272 15.453 25.257
(4.01%+) (4.04*+) (4.93*)
Systematic Futures 25.481 23.887 30.078
(3.47%+%) (3.45%%) (3.15*%)

This table reports the estimated liquidity timingeéficients and their t-statistics in the liquiditiyning model
(5), controlling for backfill bias. The coefficieA, measures foreign exchange market liquidity timégity.
The coefficientl, measures foreign exchange market liquidity timabgity. The measures of foreign exchange
market liquidity, i.e. Liquidity(10), Liquidity(G1)) and Liquidity(6), are used in each of the engairianalyses
respectively, where the measure of Liquidity(10¢adculated using negative illiquidity in equati(®) with a
basket of 10 currencies against U.S. dollar, indgddustralian dollar (AUD), British pound (GBP)aGadian
dollar (CAD), Danish krone (DKK), Euro (EUR), Jagse yen (JPY), New Zealand dollar (NZD), Norwegian
krone (NOK), Swedish krona (SEK) and Swiss franElEL. The measure of Liquidity(G10) is calculateihgs
negative illiquidity in equation (2) with a baskat G10 currencies comprising AUD, CAD, CHF, EUR, &B
JPY, NOK, NZD, SEK, and the U.S. dollar (USD). Timeasure of Liquidity(6) is calculated using negativ
illiquidity in equation (2) with a basket of 6 majourrencies including AUD, CAD, CHF, EUR, GBP aifY.
The numbers in parentheses are t-statistics. ‘gand *** indicate that the coefficient is significty different
from zero at the 10%, 5%, and 1% levels, respdgtive
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Table 7

The liquidity timing coefficient for hedge funds Witlifferent sizes: AUM less than $150
million (Panel A) and AUM less than $50 million (i B)

Liquidity(10) Liquidity(G10) Liquidity(6)
An A A
AUM less than $150 million

Panel A:

Global Derivatives 21.152 20.007 25.652
(3.50***) (3.51*+) (3.27%+)

Currency 19.613 18.744 30.417
(4.08***) (4.15%) (5.02%*)

Systematic Futures 28.909 27.203 34.201
(3.54*++) (3.54*++) (3.23***)

Panel B: AUM less than $50million

Global Derivatives 19.661 18.637 24.380
(3.39%) (3.41%+) (3.25*+)

Currency 20.089 19.215 30.885
(4.01%*) (4.08**) (4.88**)

Systematic Futures 26.324 24.790 31.075
(3.24**) (3.24**) (2.95%*)

This table reports the estimated liquidity timiragfficients and their t-statistics in the liquiditgning model (5)
for hedge funds with AUM less than $150 million awith AUM less than $50 million, respectively. The
coefficientd, measures foreign exchange market liquidity timaility. The measures of foreign exchange
market liquidity, i.e. Liquidity(10), Liquidity(G1)) and Liquidity(6), are used in each of the engairianalyses
respectively, where the measure of Liquidity(10¢adculated using negative illiquidity in equati(®) with a
basket of 10 currencies against U.S. dollar, indgddustralian dollar (AUD), British pound (GBP)a@Gadian
dollar (CAD), Danish krone (DKK), Euro (EUR), Jagse yen (JPY), New Zealand dollar (NZD), Norwegian
krone (NOK), Swedish krona (SEK) and Swiss franElEL. The measure of Liquidity(G10) is calculateihgs
negative illiquidity in equation (2) with a baskatG10 currencies comprising AUD, CAD, CHF, EUR, BB
JPY, NOK, NZD, SEK, and the U.S. dollar (USD). Timeasure of Liquidity(6) is calculated using negativ
illiquidity in equation (2) with a basket of 6 majourrencies including AUD, CAD, CHF, EUR, GBP aifY.
The numbers in parentheses are t-statistics. "gand *** indicate that the coefficient is significty different
from zero at the 10%, 5%, and 1% levels, respdgtive

44

Page 44 of 48



Table 8

The liquidity timing coefficient after controllingf the impact of funding constraints

Liquidity(10) Liquidity(G10) Liquidity(6)
An Ay Ay
Global Derivatives 15.834 14.897 20.532
(3.32%+%) (3.31%%) (3.23*%)
Currency 15.140 14.346 23.226
(3.96%+*) (3.98*+%) (4.64%)
Systematic Futures 24.418 22.910 31.030
(3.41%) (3.39**) (3.25*)

This table reports the estimated liquidity timiragfficients and their t-statistics in the liquiditgning model (5)
for controlling for the funding constraints. Theefficient 4, measures foreign exchange market liquidity timing
ability. The measures of foreign exchange markgtfidiity, i.e. Liquidity(10), Liquidity(G10), and buidity(6),
are used in each of the empirical analyses resgdgtiwhere the measure of Liquidity(10) is cal¢ethusing
negative illiquidity in equation (2) with a bask#t10 currencies against U.S. dollar, including #aigan dollar
(AUD), British pound (GBP), Canadian dollar (CADanish krone (DKK), Euro (EUR), Japanese yen (JPY),
New Zealand dollar (NZD), Norwegian krone (NOK), &lish krona (SEK) and Swiss franc (CHF). The
measure of Liquidity(G10) is calculated using negatilliquidity in equation (2) with a basket of G1
currencies comprising AUD, CAD, CHF, EUR, GBP, JMNOK, NZD, SEK, and the U.S. dollar (USD). The
measure of Liquidity(6) is calculated using negatilliquidity in equation (2) with a basket of 6 joa
currencies including AUD, CAD, CHF, EUR, GBP andrJAhe numbers in parentheses are t-statisticst *,
and *** indicate that the coefficient is significdy different from zero at the 10%, 5%, and 1% leve
respectively.
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Table 9

Bootstrap analysis for liquidity timing at the ogaey level: t-statistics with the
corresponding p-values in parentheses

Liquidity(10) Liquidity(G10) Liquidity(6)
An Ay Ay
Global Derivatives 15.765 14.833 19.131
(0.011**) (0.008***) (0.026**)
Currency 15.512 14.693 24.447
(0.007***) (0.005***) (0.003***)
Systematic Futures 25.262 22.766 28.593
(0.002***) (0.005***) (0.014**)

This table reports the bootstrap analysis resulthea category level, including the estimated lijtyi timing
coefficientd, and the corresponding p-values. The number ofdh@ simulations is set as 5,000. The
measures of foreign exchange market liquidity, Liiguidity(10), Liquidity(G10), and Liquidity(6), @ used in
each of the empirical analyses respectively, whieeemeasure of Liquidity(10) is calculated usingjatéve
illiquidity in equation (2) with a basket of 10 cencies against U.S. dollar, including Australialar (AUD),
British pound (GBP), Canadian dollar (CAD), Danigione (DKK), Euro (EUR), Japanese yen (JPY), New
Zealand dollar (NZD), Norwegian krone (NOK), Swéddisona (SEK) and Swiss franc (CHF). The measure of
Liquidity(G10) is calculated using negative illigity in equation (2) with a basket of G10 currescie
comprising AUD, CAD, CHF, EUR, GBP, JPY, NOK, NZBEK, and the U.S. dollar (USD). The measure of
Liquidity(6) is calculated using negative illiquidiin equation (2) with a basket of 6 major curieadncluding
AUD, CAD, CHF, EUR, GBP and JPY. The numbers inep#lieses are t-statistics. *, ** and *** indicateat
the coefficient is significantly different from zeat the 10%, 5%, and 1% levels, respectively.
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Table 10
Bootstrap analysis for liquidity timing at the irdlual level: t-statistics with the
corresponding p-values in parentheses

Bottom t-statistics fok, Top t-statistics fod.,,

1% 3% 5% 10% 10% 5% 3% 1%

Panel A: Bootstrap analysis of liquidity timing ¢Liidity(10))

Global -3.101  -2.115  -1.742  -1.245 2.794 3.274 3.732 4.307

Derivatives (0.106) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001)

Currency -2.388  -1.837 -1.667 -1.122 3.523 3.980 4.356 4.505
(0.118) (0.136) (0.145) (0.040) (0.000) (0.000) (0.000) (0.125)

Systematic -2.007 -1.449 -1.344  -0.868 2.968 3.590 3.809 4411

Futures (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.003)

Panel B: Bootstrap analysis of liquidity timing qlidity(G10))

Global -3.065 -2.119 -1.768  -1.259 2.744 3.256 3.715 4.364

Derivatives (0.068) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001)

Currency -2.358 -1.784 -1.768  -1.192 3.571 4.002 4.350 4515
(0.108) (0.110) (0.237) (0.074) (0.000) (0.000) (0.000) (0.127)

Systematic -2.090 -1.502 -1.357 -0.918 2.948 3.563 3.780 4.400

Futures (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.005)

Panel C: Bootstrap analysis of liquidity timing guidity(6))

Global -3.074 -2.174 -1.769 -1.140 2.620 3.163 3.4890 4.175

Derivatives (0.149) (0.005) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001)

Currency -2572  -1.800 -1.730 -1.222 3.280 3.798 3.953 4,951
(0.195) (0.111) (0.170) (0.068) (0.000) (0.000) (0.001) (0.075)

Systematic -2.048  -1.723  -1.322  -0.862 2.869 3.233 3.478 4.160

Futures (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.004)

This table reports the bootstrap analysis restlthe individual fund level, including the t-stdtts and the
corresponding p-values in the various top percefgNels. The number of bootstrap simulations isase,000.
The coefficientl,, measures foreign exchange market liquidity timabdity. The measures of foreign exchange
market liquidity, i.e. Liquidity(10), Liquidity(G1Q and Liquidity(6), are used in each of the thpamels
respectively, where the measure of Liquidity(10¢adculated using negative illiquidity in equati(®@) with a
basket of 10 currencies against U.S. dollar, indgdiustralian dollar (AUD), British pound (GBP)a@Gadian
dollar (CAD), Danish krone (DKK), Euro (EUR), Jagse yen (JPY), New Zealand dollar (NZD), Norwegian
krone (NOK), Swedish krona (SEK) and Swiss franElEE The measure of Liquidity(G10) is calculateihgs
negative illiquidity in equation (2) with a baskaft G10 currencies comprising AUD, CAD, CHF, EUR, BB
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ACCEPTED MANUSCRIPT

JPY, NOK, NZD, SEK, and the U.S. dollar (USD). Timeasure of Liquidity(6) is calculated using negativ
illiquidity in equation (2) with a basket of 6 majoeurrencies including AUD, CAD, CHF, EUR, GBP aiflY.
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