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ABSTRACT

We examine the dynamic contagion process of the equity market on 10 hedge fund styles. We

investigate the contagion mechanism for each style using single equation error correction and 

latent factor models. We find that the contagion effects of the equity market on each style index 

depend specifically on the fund style strategy. We demonstrate that certain fund styles are more 

prone to contagion from the equity market than others. Our results help illuminate the relative 

effectiveness of a particular strategy under certain market conditions and provide insights into 

the long-standing controversy around the efficient market hypothesis. 
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1. Introduction

Investors are primarily concerned with seeking secure, steady returns during both bull and 

bear markets. Hedge funds are attractive options for investors since they demonstrate weak 

correlation to standard asset classes compared to traditional investments (e.g., standard equity 

investing). Hedge funds have claimed that maintaining steady returns is possible by arbitrage,

forecasting, or investment diversification and that such funds are uniquely suited for risk 

aversion in dynamic and volatile equity markets (Brown et al.1999; Agarwal and Naik 2000,

2004; Edwards and Caglayan 2001; Boyson et al. 2006; Li and Kazemi, 2007). In a mean-

variance environment, hedge funds have enjoyed growing popularity since their introduction in 

the 1990s. However, the role of hedge funds in financial markets has become a controversial 

issue in recent history because of large losses by high profile hedge funds prior to, and 

subsequent to, the Global Financial Crisis (GFC). The collapse of Long-Term Capital 

Management (LCTM), known as a fixed income arbitrage (FIA) fund, in 1998, the Soros Fund in 

2000, and Amaranth in 2006 preceded the demise of the Bear Sterns funds in 2008 at the onset of 

the GFC, which, in turn, heralded the start of further collapses for investment banks and other 

hedge funds. Investors, regulators, and the financial press have expressed concerns about 

particular hedge fund bankruptcies and criticized the hedge fund industry in general. Hedge fund 

critics claim that direct contagion from the equity market exists in hedge funds, particularly in 

crisis periods, and therefore fund investors do not derive the expected benefits of diversification

(Viebig and Poddig 2010). Here, the direct contagion from the equity market conceptually 

implies excessive dominance of the equity market over the hedge funds or too large an exposure 

of the hedge funds to the equity markets. In fact, these concerns are rooted in the long-standing 
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controversy around whether hedge funds are capable of manipulating financial market 

movements and bringing large profits to their investors (e.g., Ackermann et al. 1991). Given that 

not all hedge fund strategies have the same exposure to the equity markets, it is critical and fair 

for hedge funds and their investors to investigate which fund styles are more prone to contagion 

than others.

In this paper, we explore a transmission mechanism of equity market crisis to each hedge 

fund style, which involves investigating the contagion for each hedge fund style. For this, we

define the break in the short- and long-term relation between each hedge fund style and equity 

market. We also define interdependence as a scaled long-term relation between each hedge fund 

style and the equity market, and then define contagion as the break in the interdependence. In 

addition, we define a break point as a measure for the precise activation of short- or long-term 

breaks or contagion. These definitions are given precisely through a single equation error 

correction model (SEECM) that our methodology is based on, together with latent factor model, 

quantile regression and the Wald-Wolfowitz runs test. Using return data from Credit Suisse

hedge fund style indices and US equity market index from January 1994 to December 2012, we 

analyze how financial crises spread from equity market to each hedge fund style. Our results 

show that the effects of the equity market on each hedge fund style index specifically depend on 

the strategies of each fund style. We find three groups of hedge fund index returns, each with a 

different relationship with equity market returns. The volatility group, based on arbitraging 

volatility, is found to be significantly more affected by the equity market during crisis periods. 

Whereas, the direction group, based on directional forecasting, appears to have chance of making 

consistent profits by recovering its independence from the equity market. The pool group, based 
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on pooled or diversified strategies, shows a relatively stable relationship with equity market 

returns across entire periods. In addition, it is worth mentioning that our results provide some 

useful insights into the long-standing controversy around the efficient market hypothesis (EMH)1.

To explore these issues in greater detail, we have organized this paper into a series of 

interrelated sections. In Section 2, we explain the methodology based on the SEECM. This 

explanation contains precise definitions for short- and long-term breaks and the interdependence 

break (defined as contagion). We also describe our procedure for testing for short- and long-term 

breaks and contagion, and identifying the break point. Next, we report the results of our 

empirical analysis in Section 3. Finally, we offer some useful insights as concluding remarks in 

Section 4.

2. Methodologies

Contagion between two markets involves a dynamic process. A crisis that occurs in a market 

appears to have an impact that is distributed over future periods on the other one, although some 

effect might also occur immediately. In principle, when a shock hits a market, we expect an 

immediate short-term effect of the shock on the other. If the shock effect continues, it tends to 

have a long-term effect and may cause deviation from the normal equilibrium. With these 

expectations, the SEECM is suited to dynamically model how a shock occurring in an equity 

market influences the error correction mechanism to reach equilibrium between the equity 

                                          
1 EMH states that it is impossible to "beat the market" as stock market efficiency causes existing share prices to 
always incorporate and reflect all relevant information. 
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market and hedge funds over the short and long term. To describe the dynamics of contagion 

more explicitly, we link the SEECM to latent factor model. The SEECM is based on the dynamic 

assumption that two or more time series exhibit an equilibrium relationship that determines both 

short- and long-term behavior2.

Let represent the return series of hedge fund style index and represent the return 

series of equity market index. We employ the SEECM expressed as:

= + + + +

= + + ( ) + (1)

where = , , , and is the independent and identically 

distributed (iid) error. It is assumed here that and are stationary. Engle and Granger’s

(1987) two-step error correction model relies on the cointegration of two or more time series, 

whereas the SEECM employed herein does not require the cointegration condition to provide the 

same information about the rate of error correction. In other words, an SEECM is applicable for 

short- and long -term effects of independent variables on a dependent variable even when the 

data are stationary3. The concepts of error correction, equilibrium, and long-term effects are not

unique to cointegrated data. Furthermore, an SEECM may provide a more useful modeling 

                                          
2 The SEECM is being broadly used for describing characteristics of dynamic processes in economics and politics 
(Beck 1991; Durr 1992; De Boef 2001; Best 2012)
3 From a general linear regression model = + + , we derive the SEECM as follows: = +

= ( ) + = + ( ) + . Thus, the SEECM can be 
applied to either stationary or co-integrated case.
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technique for stationary data than alternative approaches. (see Durr 1992 and De Boef and Keele 

2008 for details).

The portion of the equation (1) in parentheses is the error correction mechanism and 

( ) = 0 when X and Y are in a state of equilibrium. The coefficient of estimates 

the short-term effect of an increase in X on an increase in Y; estimates the speed at which X 

and Y return to equilibrium from a state of disequilibrium. The coefficient of estimates the 

long-term effect of a one-unit increase in X on Y. This long-term effect will be distributed over 

future time periods according to the rate of error correction . The SEECM is useful for 

describing contagion dynamism because shocks tend to cause error deviation from the normal 

equilibrium and contagion can be traced via the error correction dynamism. If the contagion 

process begins after a shock, we expect a change in | | to result in an immediate short-term 

effect. If the contagion process continues, we expect a change in | | as an indication of the 

long-term effect. When < 0 ( > 0), the system converges to equilibrium (diverges from 

equilibrium). This explanation allows us to define a short- or long-term break due to excess and 

significant shock. Indeed, we define “short-term break” as a significant change in | | during a 

period of time and a “long-term break” as a significant change in | | during a period of time.

Throughout this paper, interdependence is defined econometrically as the long-term coefficient

adjusted by the corresponding market volatilities using equation (1). As represents the speed 

of return to equilibrium (and is therefore the inverse of volatility), and = , we can 

define (the long-term relationship scaled by volatility) as the interdependence between 

markets and (see, e.g., Forbes and Rigobon 2002 and Corsetti et al. 2005 for related 
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definitions). Hence, we may define “interdependence break or contagion between X and Y ”

explicitly as a significant change in | | during a period of time.

We link the SEECM to typical contagion models based on factor models. According to 

Dungey et al. (2005), most contagion models can be described using the following factor models. 

For simplicity, assume that there are two returns of assets modeled as

= + , = + , (2)

The variable W represents a common factor that affects all asset returns with loadings and 

. For simplicity, W is assumed to be a latent dependent stochastic process with zero mean 

and unit variance, that is,

~ (0,1). (3)

The terms , and , in equation (2) are idiosyncratic factors unique to a specific asset return. 

The contribution of idiosyncratic shocks to the volatility of asset markets is determined by the 

loadings and . These factors are also assumed to be stochastic processes with zero mean 

and unit variance, that is,

, , ~ (0,1) (4)

To complete the specification of the model, all factors are assumed to be independent:

E , , = 0, E , = 0, E , = 0.         (5)

To highlight the interrelationships between the two asset returns in (2), the variances and 

covariance are represented as follows:

Cov( , ) = , Var( ) = + , Var( ) = + . (6)
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Now, we can establish a connection between the SEECM (1) and the factor model (2) assuming

an autoregressive error component for both and .

Proposition 1. If we employ an AR(1) model for idiosyncratic factors , and , in model 

(2), 

, = , + , and , = , + , (7)

where E , = 0, E , , = 0 , E , = 0, E , , = 0,

E , , = 0, , ~ (0,1) and , ~ (0,1) , then we have an SEECM based on 

latent factor model as follows;

= (1 )
( )

( )
+ (8)

where = , , + ( ) .

Proof)  The following may easily be derived from model (2)

= , + , .

Then, it is easy to verify that 

= (1 )
(1 )

(1 ) , + , +

= (1 )
(1 )

(1 ) , + , ( + , )

+ ( + , )

= (1 )
(1 )

(1 ) , + , +
.
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= (1 )
(1 )

(1 )
+ , , + ( )

Proof is complete.

Dependence structure imposed by (7) is necessary because an asset’s return certainly progresses 

dynamically over time. Since in (8) includes the lagged common factor (or lagged 

dependent stationary process), it is a correlated innovation, unless = = . Noting that 

E( ) = 0, Var( t ) = y
2
+ (

y
x)
2

+ ((
1 2

) )
2,

Var( ) depends on volatility of and Y via and and dynamics of idiosyncratic 

factors via and . By comparing the equation (8) with the SEECM (1), it is straightforward 

to observe that  = , = 1, =
( )

( )
and = 0. 4 If = = = 0 ,

i.e., if idiosyncratic factors of and are iid, then we have 

= + (9)

where = , , becomes an iid innovation error uncorrelated with the

explanatory variables with E( ) = 0 and finite variance of Var( ) = + . It is also 

noted that if = = = 0, then the speed to the equilibrium, , is -1. In this case, there is 

no discrepancy between the underlying interdependence = and the long-term 

coefficient (i.e., = ). This discussion implies that = = = 0 produces iid as 

well as = 1 (no significant volatility effects on the underlying interdependence between 

                                          
4 = 0 might always be assumed after centering  .
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markets X and Y). Thus an iid error check for model (8) would be sufficient for testing no 

contagion or no interdependence break between X and Y. In addition, it is notable that 

Var( ) = + is likely to be subject to ‘heteroskedasticity’ because it depends on 

and , and they are likely to change based on the situation. A major strength of our model (8) 

involves its ability to contain more general market contagion episodes through . This strength 

primarily results from the fact that our SEECM (8) describes the dynamic structure of contagion 

effectively via the error structure and that it is well capacitated in handling heteroskedastic errors 

due to the parameter changes of the latent factor model (2). It is also clear that our test is 

primarily concerned with error structures to check the contagion effects between X and Y. 

The above discussions lead to the following hypotheses: 

H : The errors in model (8) or (1) are iid. 

H :  The errors in model (8) or (1) are not iid. 

Under these hypothesis of H and H , we derive null and alternative hypothesis for testing the 

short- and long-term breaks and contagion effects defined in terms of the SEECM (8). To 

investigate and test contagion, we employ quantile regression. Quantile regression is employed 

for handling heteroskedasticity during crisis periods or at the corresponding quantile because it is 

an effective tool for testing the regression coefficient change due to the heteroskedasticity of the 

error term in the SEECM (8) (Koenker 2005). Refer to Baur (2013) for more detailed discussions 

about advantages of using quantile regression. In quantile regression, it is known that:

(H0): A random fluctuation of the slope estimates around a constant value (with only the 
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intercept parameters systematically increasing as a function of the quantile 0 1) provides 

evidence for the iid (independent and identically distributed) error hypothesis of classical linear 

regression (Koenker 2005, p. 17).

Our test is based on (H0) for the SEECM (8). If some of the slope coefficients are changing as a 

function of quantile 0 1, then heteroscedasticity may be inherent in the data.

Once we estimate the quantile regression parameters across the entire range of quantiles of

, we test the short- and long-term breaks and interdependence break (contagion) between X 

and Y during the sample period using the Wald-Wolfowitz runs test. Suppose that we have the 

estimated coefficients ( , , ), ( , , ), and ( , , ) (i.e., we estimate the 

regression parameters for equation (1) at N quantiles). The Wald-Wolfowitz runs test can be used 

to test for the pure randomness of the estimated residuals of the short-term ( ), long-term ( ),

and interdependence ( ) effects in the SEECM across N quantiles because the quantile 

regression slope estimates behave randomly around their means under the iid error process, 

according to (H0). Here, the residuals are expressed as:

( , , ), ( , , ), ( , , )

where , , and are the sample averages of the corresponding coefficients. Under (H0), 

we derive the null and alternative hypotheses for testing the short- and long-term breaks and 

contagion between dependent and independent variables. The hypotheses are stated as follows: 

: The residuals given by ( , , ) are iid (or there is no significant change 

in | | or no short-term break between X and Y under H ). 
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: The residuals given by ( , , ) are not iid (or there is a significant 

change in | | or short-term break between X and Y under H ).

: The residuals given by ( , , ) are iid (or there is no significant change in 

| | or no long-term break between X and Y under H ). 

: The residuals given by ( , , ) are not iid (or there is a significant change 

in | | or long-term break between X and Y under H ).

: The residuals given by ( , , ) are iid (or there is no significant change 

in | | or interdependence prevails between X and Y under H ).

: The residuals given by ( , , ) are not iid (or there is a significant 

change in | | or some interdependence break or contagion between X and Y under H ).

The Wald-Wolfowitz runs test evaluates the degree to which the residual sequence 

distribution is random by taking the residuals in the order provided and marking the coefficient 

greater than the sample average of the coefficient sequence with + and the coefficient less than 

the sample average with –. In this manner, the Wald-Wolfowitz runs test handles correlated errors 

due to crisis effectively. Given , , , the number of runs in a sequence of N 

elements is a random variable whose conditional distribution, given the number of observations 

with + (N+) and the number of observations with – (N-), is approximately normal,

and variance , where = + 1, =
( )( ) and N = + , N+ > 10 and N_

> 10. For a small N, there are tables to determine critical values that depend on values of N+ and 

N_ (Mendenhall and Reinmuth, 1982). Rejecting the null hypotheses , or implies 
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that the distribution of the residuals is not random; therefore, we can conclude that the errors in 

model (8) are correlated or heteroskedastic. This means that there is a significant change in | |,

| | or | | during a period of time and that there is short-or long-term break or interdependence 

break between two markets or assets due to the volatility changes depending on the market 

conditions. On the other hand, if we cannot reject the null hypotheses , or , we 

conclude that there is no short- or long-term break or no contagion between the markets or assets

because we cannot detect excessive correlation or that adjusted by the corresponding market 

volatilities of X or Y. This approach not only significantly simplifies the estimating and testing 

procedure for contagion but also makes it unnecessary to define the crisis and tranquil periods 

ex-ante to test contagion between two markets.

Next, we define a new measure, the break point, which identifies a specific percentile at 

which the relation with the equity market begins to break (i.e., the percentile at which short- or 

long-term break or contagion starts to occur) for each short- or long-term break or contagion.

Break Points: Let = ( , , ) denote a given (contaminated) sample that includes 

elements from different data-generating processes, and let , represent a sample that

excludes and elements from both ends of . Then, the low- and high-percentile break

points of the sample , and , are respectively defined by =
( )

× 100 and 

= [(1
( )

) × 100] where ( ) and ( ) are the lowest integers and

such that the test statistic T , accepts the null hypothesis that the sample is from one 

data-generating process.
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To identify the break points using this procedure, is ( , , ) where 

( = 1,2,3, = 1, . . , ) is the ith slope estimate for one of the slope estimates ( , , or )

from the j/(N +1)th quantile regression, and is the sample average of ( , , ). Given 

the definition for the break point, T plays a key role in determining the break. Our procedure 

employs the Wald-Wolfowitz runs test statistics as T and produces the desired break point. 

Using the break points obtained, we can see whether a hedge fund suffers from a break in a given 

period. For instance, a break occurs to a hedge fund if the percentile of the hedge fund return is

less than or greater than during a given time period.

There are two approaches employed for examining the relationship of contagion between 

hedge funds and broad market returns. The traditional approach focuses on various factors 

behind the relationship5 while the dynamic approach pays attention to the dynamic mechanism

describing the time-varying relation between the hedge funds and the market returns (Fung and 

Hsieh 1997; Boyson et al. 2010; Sabbaghi 2012; Viebig and Poddig 2010). Our SEECM has the 

advantage of combining the two approaches properly as it is linked to a latent factor model 

through dynamic error correction. Additionally, the SEECM is quite effective when there is 

endogeneity or a correlated error in a linear regression model.

                                          
5 The seven-factor model by Fung-Hsieh (2004) known as the return generating process for hedge fund returns 
might be considered.
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3. Empirical Analysis

3.1. Hedge fund style data

There are several data sources for information related to hedge fund indices. For the purposes 

of our study, we use data from the Credit Suisse hedge fund indices from January 1994 to 

December 20126. These indices use asset-weighted returns across the funds in a given hedge 

fund style index7. Indices that use equal-weighted returns place more weight on small hedge 

funds compared with those that use asset-weighted returns. Since the downside risk exposure for 

small hedge funds is expected to be higher than that for large hedge funds (Dudley and 

Nimalendran 2011), a contagion test based on an index using equal-weighted returns is likely to 

be biased against the null hypothesis of no contagion.

The Credit Suisse hedge fund database tracks approximately 9,000 funds that (i) are valued at 

US$50 million (minimum), (ii) possess a 12-month track record, and (iii) have audited financial 

statements. Credit Suisse calculates and rebalances the index on a monthly basis and reflects 

performance net of all fees and expenses. We use monthly return data for each hedge fund style 

index and calculate the returns of the Russell 3000 index to proxy for the returns of the US

equity market. The return data for each hedge fund index include 228 monthly observations 

during the sample period, which are incorporated as the response variable in our estimation of 

model in equation (1). We incorporate the same set of 228 monthly Russell 3000 index returns 

into the model as the predictor.

                                          
6 This hedge fund return database is subject to survivorship bias due to a lack of regulatory environment of hedge 
funds.
7 Index data are available at http://www.hedgeindex.com/hedgeindex.
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We obtained monthly hedge fund returns for 10 style indices from the Credit Suisse Hedge 

Index, LLC. The 10 hedge fund styles were: convertible arbitrage (CA), emerging markets (EM), 

event driven (ED), fixed income arbitrage (FIA), equity market neutral (EMN), long/short equity 

(LSE), managed futures (MF), multi-strategy (MS), dedicated short bias (DSB), and global 

macro (GM)8. Table 1 reports the summary statistics related to the monthly returns of the overall 

Credit Suisse hedge fund index, the 10 hedge fund style sub-indices, and the Russell 3000 index.

Table 1 indicates that the monthly average return for the Credit Suisse overall hedge fund index

(0.718%) is higher than that of the Russell 3000 index (0.607%) and that equity market returns 

are more volatile than the returns of all hedge fund styles except for DSB funds. Whereas GM 

hedge funds enjoy the highest average monthly return (0.966%), DSB funds generate the lowest 

average monthly return (-0.256%) and are characterized by the most substantial standard 

deviation of all fund styles. The fact that the returns of the DSB funds exhibit the highest 

negative correlation with equity market returns may be attributable to these funds typically 

holding a larger number of short than long positions and therefore earning returns by maintaining 

net short exposure in long and short equities. 

                                          
8 Detailed descriptions of each style index are available by clicking on the link to “Documents” at 
http://www.hedgeindex.com.
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Table 1 Summary statistics of monthly returns of hedge fund style indices and the equity market: January 
1994 to December 2012

Mean
(%)

SD
(%)

Min
(%)

Max
(%)

Correlation with
Russell 3000 Index

Credit Suisse
Hedge Fund 0.718 2.155 -7.550 8.530 0.597

CA 0.625 1.972 -12.590 5.810 0.399

EM 0.694 4.238 -23.030 16.420 0.565

ED 0.758 1.808 -11.770 4.220 0.663

FIA 0.463 1.629 -14.040 4.330 0.351

EMN 0.451 2.940 -40.450 3.660 0.306

LSE 0.771 2.838 -11.430 13.010 0.711

MF 0.504 3.363 -9.350 9.950 -0.106

MS 0.654 1.535 -7.350 4.280 0.411

DSB -0.256 4.867 -11.280 22.710 -0.798

GM 0.966 2.766 -11.550 10.600 0.240

Russell 3000 Index 0.607 4.537 -17.783 11.365 1.000

This table reports summary statistics for the monthly returns of 11 hedge fund indices and the Russell 
3000 index. The hedge fund indices include the Credit Suisse hedge fund (overall hedge fund), and the 
sub-indices convertible arbitrage (CA), emerging markets (EM), event driven (ED), fixed income 
arbitrage (FIA), equity market neutral (EMN), long/short equity (LSE), managed futures (MF), multi-
strategy (MS), dedicated short bias (DSB), and global macro (GM). The number of observations for each 
index is 228. Correlations between each hedge fund index return and the Russell 3000 index return are 
reported in the last column.

3.2. Group analysis of the hedge funds 

To explore the contagion effect of equity returns on the returns generated by each hedge fund 

style, we utilize the monthly returns reported by 10 different hedge fund style indices and the 

Russell 3000 index. Specifically, we treat the returns reported by the Credit Suisse hedge fund 

style index as the outcome variable and the returns reported by the Russell 3000 index as the 
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predictor in the equation (1). We must assess whether the time series of equity and hedge fund 

style returns used in this study are stationary before being able to justify adopting the SEECM. 

We first test for unit roots in each return series based on the augmented Dickey–Fuller test 

(Dickey and Fuller 1979) to identify the stationary condition of the equity and hedge fund style 

return series. A series that does not have unit root problems is regarded as stationary. Our result 

shows that neither return series has a unit root at the 1% significance level, thereby satisfying the 

stationarity assumption. Given the stationary condition of the two return series, we can now 

continue to use the SEECM with our data.9

We estimate the SEECM at 5% increments, from the 5th to the 95th quantile, using quantile 

regression. The parameters in the regression estimate the change in a specified quantile of the 

response variable produced by a one-unit change in the predictor variable. This approach allows 

us to compare whether the relationship between a predictor variable and a given quantile of the 

response variable is more or less pronounced than an analogous relationship involving a different 

quantile. Figure 1 plots the estimated coefficients in equation (1) across the entire range of 

quantiles of the returns of the 10 hedge fund style indices. The plots of the three slope estimates 

in each box of Figure 1 help us understand the short-and long-term relationships and 

interdependence between each fund style and the equity market returns. The heavy dashed lines

indicate the short-term effect of equity returns on hedge fund returns ( ), the solid black lines

indicate the long-term effect ( ), and the other dotted lines show the interdependence ( )
                                          
9 We conduct the Granger causality test to identify the causal relationship between the two asset classes and to 
distinguish the independent and dependent variables. At the 5% significance level, the null hypothesis of no 
causality from equity returns to hedge fund style returns is rejected, while the null hypothesis of no causality from 
hedge fund style returns to equity returns cannot be rejected. These results imply that hedge fund style returns
should be used as a dependent variable and equity returns should be used as an independent variable in the SEECM.
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between hedge fund style and equity returns.
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Figure 1 Estimated parameters of SEECM for 10 hedge fund style index returns by quantile.

The estimated parameters of short-term ( ), long-term ( ), and interdependence ( ) in the SEECM 
through quantile regression are plotted across the entire range of quantiles. Each hedge fund style index 
return is used as the response variable and the Russell 3000 index return is used as the predictor. The 
SEECM is estimated at 5 % increments from the 5th to the 95th quantile. The heavy dashed line indicates 
the short-term effect of equity returns on hedge fund returns ( ), the solid black line indicates the long-
term effect ( ), and the other dotted line shows interdependence ( ) between hedge fund style and equity 
returns.

When examining the results for the short-term effects ( ), long-term effects ( ), and 

interdependence for each hedge fund style in Figure 1, the effects of equity market returns

on hedge fund index returns reveal three patterns. One group of hedge funds including CA, EM, 

ED, FIA, and EMN are found to be much more affected by the equity markets in crisis periods 

(low quantiles) than other periods. This pattern indicates that they are more sensitive to volatility 

changes in the equity market in a crisis period than in other periods. Considering that their 

common strategy is arbitraging market price variance, it is not surprising that they are quite

sensitive to noticeable volatility increases due to crises. We call this group the “volatility group.”

Other hedge fund styles, including LSE, MF, and MS funds, show no particular pattern (i.e., the 

relationship between those funds and equity market returns fluctuate across the entire range of 

quantiles). This appears to be due to the fact that such funds seek diversified or pooled 

investment strategies including investing in future markets. We call this group the “pool group.”
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The final group of fund styles includes DSB and GM of which common strategy is forecasting 

market price direction. GM funds appear to be more sensitive to equity markets during prosperity

periods (high quantiles) than in other periods. On the contrary, DSB funds are found to be more

sensitive to equity markets during crisis periods (high quantiles) than in other periods10. We 

notice that the GM (DSB) funds achieve the highest (lowest) average monthly returns in Table 1. 

We call this group the “direction group.”

Given the estimated parameters in the quantile regression, we assess whether the equity 

market exerts statistically significant short- and long-term breaks on hedge funds of different 

styles. We also test the interdependence break (contagion) between the equity market and the 10 

hedge fund styles. Table 2 reports the Wald-Wolfowitz runs test statistics, with p-values in 

parenthesis, for short-term, long-term, and interdependence parameters by fund style. We also 

report the results of testing the null hypotheses , , and with a 1% significance 

level.

                                          
10 High quantiles (low quantiles) for DSB is crisis (prosperity) periods for equity markets due to a negative 
correlation between DSB and equity market returns.
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Table 2 Wald-Wolfowitz runs test for short- and long-term breaks and contagion by fund style

This table reports the Wald-Wolfowitz runs test statistics (TN) with the corresponding p-values in 
parenthesis for short-term ( ), long-term ( ), and interdependence ( ) parameters by fund style. The 
letters of test results of “SB,” “LB,” “NIB,” “NSB,” “NLB,” and “C” denote short-term break, long-term 
break, no interdependence break, no short-term break, no long-term break, and contagion, respectively.
The significance level of these test results is at 1%. Additionally, each fund style is subscripted by one of 
three letters, v(volatility), p(pool), or d(direction) to denote its corresponding associated group.

As indicated in Table 2, the strength of short- and long-term effects and the contagion effect 

vary by fund strategy. From here on, each fund style is subscripted by their corresponding 

associated group letter, v (volatility), d (direction), or p (pool). We find that most strategies, 

except for CAv and MFp, exhibit interdependence breaks or long-term breaks with the US equity 

Tn

(p-value)
Test

Result
Tn

(p-value)
Test

Result
Tn

(p-value)
Test

Result

-3.7002 -3.7408 -1.8816
(0.0002) (0.0002) (0.0599)
-3.3022 -3.1488 -3.279693
(0.0010) (0.0016) (0.0010)
-2.3959 -3.7646 -3.7408
(0.0166) (0.0002) (0.0002)
-3.6346 -3.3309 -3.7002
(0.0003) (0.0009) (0.0002)
-2.0460 -2.7940 -2.7940
(0.0408) (0.0052) (0.0052)
-2.3098 -3.3022 -3.7646
(0.0209) (0.0010) (0.0002)
-2.3552 -2.3552 -2.2123
(0.0185) (0.0185) (0.0270)
-1.7028 -2.5974 -2.5974
(0.0886) (0.0094) (0.0094)
-2.8287 -3.7757 -3.7002
(0.0047) (0.0002) (0.0001)
-2.7218 -2.5974 -2.5974
(0.0065) (0.0094) (0.0094)

LSEp NSB LB C

FIAv SB LB C

EMNv NSB LB C

EMv SB LB C

EDv NSB LB C

Short-Term Long-Term Interdependence

CAv SB LB NIB

DSBd SB LB C

MFp NSB NLB NIB

MSp NSB LB C

GMd SB LB C
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market. In the meantime, the corresponding p-values for the short-term parameters show that 

EDv, EMNv, LSEp, MFp, and MSp maintain their short-term relation with the equity market 

across entire periods while the others suffer from short-term breaks. It is interesting to see that no 

strategies in pool group are subject to the short-term break. As shown by our analysis of the test 

results in the below, whether the short-term relation breaks or not provides useful information in 

analyzing each hedge fund strategy. It turns out that (i) no short-term break (or NSB) with the 

equity market returns tends to yield a good performance or a robust relation of hedge funds with

the equity market, and (ii) short-term break (SB) with the equity market returns in a quite 

different manner could yield consistent profits by recovering its independence from the equity 

market.

The CAv funds are worthy of further analysis because their short- and long-term breaks from

the equity market are most pronounced in terms of p-value but are not affected by contagion.

CAv fund managers typically build long positions in convertible bonds and other equity hybrid 

securities and then hedge the equity component of the long bond positions by shorting the 

underlying stocks. As the price of convertible bonds is directly connected to the price of the 

underlying stock, the combined position of convertible bonds and stocks are sensitive to the 

equity market. In the 1987 stock market crash (not included in our sample periods) many 

convertible bonds declined more than their underlying stocks, apparently for liquidity reasons, 

with the market for the stocks being much more liquid than the relatively small market for the 

bonds. This liquidity problem is believed to be behind the strong long-term and short-term breaks

of CAv. On the other end of the spectrum, when a stock declines (rises), the associated 

convertible bond will decline (rise) less, because it is protected by its value as a fixed-income 
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instrument; meaning, it pays interest periodically. This explains the observed robustness of CAv

funds against contagion.

The EMv funds typically invest in stocks, bonds, currencies, and other instruments of 

emerging markets, and arbitrage the inefficient market mechanism. The graph for EMv in Figure

1 indicates that the estimated values of | |, | |, and | | are much larger than for the other 

fund styles. This is explained by the fact that emerging markets have essentially much larger

variations than the US equity market. As is well known, the estimated coefficients are basically 

the ratio of response variations (EMv) to predictor variations (the US equity market). In this 

context, it is not surprising that EMv funds are found to have all types of breaks (strong short-

and long-term breaks and contagion), particularly in crisis periods (low quantiles).

The EDv funds seek to profit from securities mispricing related to corporate directional 

events including mergers, acquisitions, restructuring, bankruptcies, reorganizations, and 

revelations of bad news about a particular company. These events can result in the short-term 

mispricing of a company's stock. If fund managers feel positive about the event and the strength 

of the company, they may buy shares to sell later when the price adjusts. Test results for EDv

funds in Table 2 show that the funds experience long-term breaks and contagion effects from the 

equity market, but no short-term breaks. Their skillfulness in handling the short-term effect is not 

surprising since the impact of corporate directional events on the markets are inherently of a

short-term character. Note that EDv reports a relatively high average monthly return from Table 1.

In the graph for the FIAv funds in Figure 1, we see a negative value of long-term effects ( )

and a positive value of interdependence ( ) at low quantiles. This implies a positive value of 
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speed of return to equilibrium ( ) at low quantiles because = . Hence, FIAv funds 

suffer from divergence or deviations from equilibrium at low quantiles. The anomaly of the FIAv

graph at low quantiles might be explained by behavioral biases of some managers during the 

collapse of FIAv funds in 1998 such as LTCM. FIAv fund managers typically invest in fixed 

income securities and generate profits by exploiting inefficiencies and price anomalies in those 

securities. To neutralize interest rate risk, FIAv managers tend to bet on credit spread and yield 

curves. In 1998, the credit spread increased to a record level and caused massive dislocation in 

fixed-income and credit markets due to the default of the Russian government debt. FIAv

managers who purchased cheaper bonds and shorted more expensive ones could have made 

extraordinary profits by maintaining their spread positions to maturity. However, many FIAv

managers made the decision to unwind their spread positions for safety as the gap between the 

long and short side grew larger during that period and they would have been required to restore 

additional margin or liquidate their positions. The desire for liquidity and safety by some 

managers overwhelmed the other managers who attempted to arbitrage such preferences, causing 

those arbitrage relations and equilibrium with the equity market to break down in 1998 (low 

quantiles). Test results for FIAv funds in Table 2 show that the funds experienced strong short-

and long-term breaks and contagion, mainly attributable to such behavioral biases, a critical 

weakness of FIAv.

Both the EMNv and LSEp funds adopt long and short positions in the equity markets to 

minimize their exposure to equity market movement, but their ultimate strategies are not the 

same. The EMNv funds seek to exploit differences in stock prices by holding a long and short 

position in stocks within the same sector or industry, whereas LSEp funds frequently use stocks 
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in different sectors or industries for their long and short positions. In general, EMNv can be 

considered as the limiting case of LSEp. This difference produces different patterns of coefficient 

lines in Figure 1 and enables us to separate the two fund styles into two different groups, (i.e., the 

volatility group and the pool group). The EMNv funds are much more affected by the equity 

market in crisis period, whereas the LSEp funds are affected by the equity market across the 

entire range of quantiles, but not more significantly in crisis period. The two styles are not found 

to suffer from short-term breaks but from long-term breaks and contagion. Such robust short-

term relations of the two funds respectively produce desirable aspects. After examining the p-

values of all parameters for the EMNv and LSEp funds in Table 2, we find that on the average, p-

values for EMNv are larger than for LSEp. This implies that the EMNv funds’ relation with the 

equity market is more robust than that of the LSEp funds. It is well known that EMNv occupies a 

distinct place in the hedge fund landscape by exhibiting one of the lowest correlations with other 

alternative strategies. For the LSEp funds, one may note from Table 1 that LSEp funds report

relatively high average monthly return. 

The MFp funds are the only fund style that has no short- or long-term break, and no 

contagion from the equity market. The graph for MFp in Figure 1 shows that the short- and long-

term and interdependence parameters are negative in most of the quantiles, except for between 

the 40th and 60th quantiles. All parameters are similar across all quantiles, confirming that 

volatility change in the equity market (regardless of whether the market is up or down) does not 

significantly affect the short- and long-term relationship and interdependence between the MFp

funds and equity market returns. This result is likely attributable to the fact that MFp fund 
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managers typically bet on trends in global futures markets, such as bonds, equities, currencies, 

and commodities, and this strategy mitigates portfolio risk in a way that is not possible in direct

equity investments. Additionally, Table 1 shows that MFp has the lowest correlation in terms of 

magnitude with the equity market returns. The MFp funds demonstrate that indirect investment 

strategy is an effective way for keeping robust relation with equity markets.

MSp managers seek diversification by simultaneously employing various hedge fund 

strategies intended to reduce exposure to overall market movements. By allocating capital based 

on perceived opportunities among several hedge fund strategies, MSp managers attempt to 

generate positive returns regardless of the directional movement in the equity market. The added 

diversification benefits may reduce single-strategy risk and the volatility of the portfolios. The 

graph for MSp in Figure 1 shows that MSp returns maintain positive short-term coefficients

across the entire range of quantiles, whereas the long-term coefficients between MSp and the 

equity market returns fluctuate within a reasonable limit across the quantiles. As shown in Table 

2, the MSp funds keep ‘the most robust short-term relation’ with equity market returns in terms 

of p-value. As a result, in Table 1, we see that MSp funds have the lowest standard deviation of 

monthly returns and the highest minimum monthly return.

The DSBd returns are negatively correlated with equity market returns due to the DSBd

funds’ intended directional trading strategy (refer to Table 1), which entails taking a net short 

position in the market. In other words, DSBd funds typically take more short positions than long 

positions and earn returns when the equity market declines. Therefore, all parameters of short-

and long-term effects and interdependence in equation (1) for DSBd show negative values as 
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indicated in the graph in Figure 1. The results in Table 2 show that the DSBd funds suffer from 

strong short- and long-term breaks and contagion from the equity market. Interestingly, we find 

that unlike the other strategies, the estimated values of | |, | |, and | | for DSBd in high 

quantiles are higher than those in low quantiles. This is resulted from the fact that high quantiles 

(low quantiles) for DSBd is assumed to be crisis (prosperity) periods for equity markets due to a 

negative correlation between DSBd and equity market returns. Therefore, DSBd funds are more 

likely to be affected by volatility change in periods of crisis (high quantiles). It is interesting to 

note from Table 1 that DSBd funds generate the highest maximum monthly return while they also 

show the lowest average monthly return.

The GMd fund managers place directional bets on the prices of the underlying assets (i.e., 

stocks, bonds, commodities, currencies, and derivatives) and their judgments regarding these 

activities are key to their investment decisions. Table 1 indicates that the GMd funds generate the 

highest average monthly return and quite a low correlation with the equity market. The graph for 

GMd in Figure 1 and Table 2 together indicate that it suffers from the short- and long-term breaks

and contagion particularly at high quantiles (prosperity periods). It is interesting to see from 

Figure 1 that at low quantiles, the coefficients of GMd funds decrease while those of other styles 

generally increase and result in short-or long-term breaks or contagion. In other words, the short-

and long-term breaks and contagion for GMd funds occur in a quite different manner, which 

appears to make them independent of the equity market. These results strongly suggest that 

directional forecasting strategy by GMd funds could yield consistent profits by recovering their

independence from the equity market.
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3.3. Fund-wise analysis of break points

In Table 3 we report the low- and high-percentile break points for short-term, long-term, and 

interdependence parameters by fund style.

Table 3 Percentile break points by fund styles

Low High Low High Low High

10th 90th

NSB

85th

LSEp NSB 30th 70th 35th 65th

15th

20th 80th

FIAv 15th 85th 25th 75th 20th 80th

EDv 30th 70th

NIB

Short-Term Long-Term Interdependence

EMv 30th 70th 35th 65th

CAv 15th 85th 30th 70th

Percentile Break Point

NLB

85th

70th

MSp NSB 10th 90th 15th

DSBd 15th 85th 30th 70th 30th

Percentile Break Point Percentile Break Point

MFp NIB

80th20th 80th 15th 85th 20thGMd

EMNv NSB 10th 90th

NSB

This table reports low- and high-percentile break points for short-term ( ), long-term ( ) and 
interdependence ( ) parameters by fund style. The test results notations “NSB,” “NLB,” and “NIB,” 
denote no short-term break, no long-term break, and no interdependence break, respectively. The 
significance level of these test results is at 1%.

The high- and low-percentile break points for each hedge fund style provide investors with 

a wealth of useful information. Using the data, investors can decide whether a hedge fund is 

prone to contagion from an equity market during a given time period (by checking its quantile).

For instance, the 15th and 85th percentiles represent the short-term low and high break points, 
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respectively, for a fund defined by a CAv strategy. This implies that the equity market has a 

short-term break effect on a hedge fund using a CAv strategy, if the percentile of the hedge fund 

return is less than the 15th or greater than the 85th percentile. The GMd funds that show low- and 

high-percentile short-term break points in the 20th and 80th quantiles, respectively, are more 

prone to short-term breaks than other funds in the sense that the low (high) percentile break

points of those funds are higher (lower) than other funds. In contrast, the EMNv and MSp funds 

that show low- and high-percentile long-term break points of the 10th and 90th quantiles, 

respectively, are less prone to long-term breaks relative to the other funds in the sense that the 

low (high) percentile break points of those funds are lower (higher) than in the other funds.

Concerning the interdependence parameter, the EMv and LSEp funds show low- and high-

percentile interdependence break points of the 35th and 65th quantiles, respectively. These results 

imply that they are more likely to see contagion from the equity market than the other fund styles.

Again, EMNv and MSp funds that show low- and high-percentile interdependence break points of 

the 15th and 85th quantiles, respectively, are less prone to contagion from the equity markets than 

the other styles. Introducing the break point helps investors understand whether one hedge fund

index is more attractive than another in their investment horizon.

In sum, the results of contagion status and degree for each fund style can help to illuminate the 

relative effectiveness of a particular hedge fund strategy under certain market conditions. For 

example, for strategic asset allocation, a risk-averse and short-term investor should select hedge 

funds that exhibit no break in the short-term relation with the equity market (e.g., EDv or MSp).

In contrast, a long-term investor should select hedge funds that show no break in the long-term 

relation with the equity market or no contagion from the equity market (e.g., MFp). If the 
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investor is keenly interested in making a large profit, then he might choose one from the 

direction group, DSBd or GMd.

4. Conclusions

In this paper, we classify hedge fund styles into three groups based on the patterns of the 

equity market effects on hedge fund styles: the volatility group, the direction group, and the pool 

group. Funds classified in the same group have common strategic intent and show similar 

behavior. Arbitraging is the central strategy for the volatility group, forecasting is the central 

strategy for the direction group, and pooling diversification is the central strategy for pool group.

Arbitrage is the most popular strategy among hedge funds achieving large profits, but this 

appears to be severely affected by the equity market during crisis periods due to a lack of 

liquidity (e.g., FIAv or CAv). These analyses are closely related to those addressed by Boyson et 

al. (2010) and Viebig and Poddig (2010). Boyson et al. (2010) demonstrate that a liquidity shock 

in equity market has a significant impact on hedge fund flows and Viebig and Poddig (2010) 

show significant volatility spillover effects from equity markets to hedge fund styles that adopt 

arbitrage strategy (e.g., convertible arbitrage, merger arbitrage, relative value arbitrage) during 

periods of extreme stress in equity markets. Directional forecasting appears to be a good

alternative for making good profits but at the cost of unstable relation with the equity markets

(e.g. DSBd or GMd). Pooling diversification appears to yield relatively stable and robust outputs 

across entire periods (e.g., MFp.) Recall that one of useful findings of our result is the importance

of the short-term behavior in analyzing various hedge fund styles.
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It is interesting to see that our results might provide basic answers to the long-standing 

question of whether it is possible to reap consistent profits by hedging against the equity markets

(or the efficient market hypothesis, EMH). If we think that a hedge fund style should be rather

independent of the equity market to make consistent profits, then our study suggests that perhaps 

GMd is a close answer because its correlation to the equity market is very low and it suffers from

all types of breaks from the equity market to be independent. Recall that GMd reports the highest 

profit. If we think a hedge fund style should maintain its intended original relation with the 

equity market to make steady profits, then we might see such a strategy (i.e., MFp is subject to 

neither short- and long-term breaks nor contagion). Thus, our results advise that though it is hard 

to “beat the market”, there are some possibilities for making consistent profits. i.e., trying to 

achieve independence or maintain a robust relation with the equity markets. Certainly more 

research based on our contagion approach would be desirable to resolve the controversy between 

believers and non-believers in the EMH. This can be done in future work.



35

References

Ackermann, C., R. McEnally, and D. Ravenscraft (1999), ‘The Performance of Hedge Funds: 

Risks, Returns, and Incentives’, Journal of Finance, 54, 833-874.

Agarwal, V., and N. J. Naik (2000), ‘On Taking the Alternative Route: Risks, Rewards, and 

Performance Persistence of Hedge Funds’, Journal of Alternative Investments, 2, 6-23.

Agarwal, V., and N. J. Naik (2004), ‘Risk and Portfolio Decisions Involving Hedge Funds’,

Review of Financial Studies, 17, 63-98.

Baur, D.G. (2013), ‘The Degree and Structure of Dependence – A Quantile Regression 

Approach’, Journal of Banking & Finance, 37, 786-798.

Beck, N. (1991), ‘Comparing Dynamic Specifications: The Case of Presidential Approval’,

Political Analysis, 3, 51-87.

Best, R. E. (2012), ‘The Long and the Short of It: Electoral Laws and the Dynamics of Party 

System Size in Western Democracies, 1950-2005’, European Journal of Political Research, 51,

147-165.

Boyson, N., C. Stahel, and R. Stulz (2006), ‘Is There Hedge Fund Contagion?’ Working paper,

No. w12090, National Bureau of Economic Research.

Boyson, N., C. Stahel, and R. Stulz (2010), ‘Hegde Fund Contagion and Liquidity Shocks’,

Journal of Finance, 65, 1789-1816.

Brown, S., W. Goetzmann, and R. Ibbotson (1999), ‘Offshore Hedge Funds: Survival and 

Performance, 1989-95’, Journal Business, 72, 91-117.

Corsetti, G., M. Pericol, and M. Sbracia (2005), ‘‘Some Contagion, Some Interdependence’: 

More Pitfalls in Tests of Financial Contagion’, Journal of International Money and Finance, 24,



36

1177-1199.

De Boef, S. L. (2001), ‘Modeling Equilibrium Relationships: Error Correction Models with 

Strongly Autoregressive Data’, Political Analysis, 9,78-94.

De Boef, S. L. and L. Keele (2008), ‘Taking Time Seriously’, American Journal of Political 

Science, 52, 184-200.

Dickey, D., and W. A. Fuller (1979), ‘Distribution of the Estimators for Autoregressive Time 

Series with a Unit Root’, Journal of the American Statistical Association, 74, 427-431.

Dudley, E., and M. Nimalendran (2011), ‘Margins and Hedge Fund Contagion’, Journal of 

Financial and Quantitative Analysis, 46, 1227-1257.

Dungey, M., R.A. Fry, B. Gonza´ lez-Hermosillo, and V. L. Martin (2005), ‘Empirical Modelling 

of Contagion: A Review of Methodologies.’, Quantitative Finance, 5, 9-24.

Durr, R. H. (1992), ‘An Essay on Cointegration and Error Correction Models’, Political Analysis,

4, 185-228.

Edwards, F., and M. Caglayan (2001), ‘Hedge Fund and Commodity Fund Investment Styles in 

Bull and Bear Markets’, Journal of Portfolio Management, 27, 97-108.

Engle, R. F., and C. W. J. Granger (1987), ‘Co-integration and Error Correction: Representation, 

Estimation and Testing’, Econometrica, 55, 251-276.

Forbes, K., and R. Rigobon (2002), ‘No Contagion, Only Interdependence: Measuring Stock 

Market Co-movements’, Journal of Finance, 43, 2223-2261.

Fung, W., and D. Hsieh (1997), ‘Empirical Characteristics of Dynamic Trading Strategies: The 

Case of Hedge Funds’, Review of Financial Studies, 10, 275-302.

Fung, W., and D. Hsieh (2004), ‘Hedge Fund Benchmarks: A Risk Based Approach’, Financial



37

Analysts Journal, 60, 65-80.

Koenker, R. (2005), Quantile Regresion, Cambridge University Press.

Li, Y., and H. Kazemi (2007), ‘Conditional Properties of Hedge Funds: Evidence from Daily 

Returns’, European Financial Management, 13, 211-238.

Mendenhall, W. and J. Reinmuthb (1982), Statistics for Management and Economics, Fourth 

Edition, Duxbury Press.

Sabbaghi, O. (2012), ‘Hedge Fund Return Volatility and Comovement: Recent Evidence’,

Managerial Finance, 38, 101-119.

Viebig, J., and T. Poddig (2010), ‘Does a Contagion Effect Exist between Equity Markets and 

Hedge funds in Periods of Extreme Stress in Financial Markets?’, Journal of Alternative 

Investments, 13(2), 78-103.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


