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The aim of this research paper is to evaluate hedge fund returns Value-at-Risk by using GARCH models. To perform the empirical analysis, one uses the HFRX daily performance hedge fund strategy subindexes and spans the period March 2003 -March 2008. I found that skewness and kurtosis are substantial in the hedge fund returns distribution and the clustering phenomenon is pointed out. These features suggest the use of GARCH models to model the volatility of hedge fund return indexes. Hedge fund return conditional variances are estimated by using linear models (GARCH) and non-linear asymmetric models (EGARCH and TGARCH). Performance of several Value at Risk models is compared; the Gaussian VaR, the student VaR, the cornish fisher VaR, the normal GARCH-type VaR, the student GARCHtype VaR and the cornish fisher GARCH-type VaR. Our results demonstrate that the normal VaR underestimates accurate hedge fund risks while the student and the cornish fisher GARCH-type VaR are more reliable to estimate the potential maximum loss of hedge funds.

Since the 1990's, a substantial growth of hedge funds has been observed. According to HedgeFund Intelligence, assets under management accounted for $2, 65 trillion in 2007.

Since 2000, investors have been looking for new investments. Fuelled by the prospect of double and triple-digit returns and the losses caused by the 2000 "dot-com bubble", a wide range of them have sought exposure to hedge funds. They have been getting more and more importance within the financial community since the beginning of this decade. It is thus important to keep an eye on hedge funds particularly because they have attracted a growing share of institutional investors capital. This share has been constantly progressing as a result of the growth of incoming liquidity under their management, then delegate to hedge funds.

The institutionalization of hedge funds raises the issue of a good risk management because public savings are concerned.

In the same way, as hedge funds seek positive absolute returns they therefore engage in aggressive strategies leading to extreme losses. Their potential impact on systemic risk is real. This is particularly true in regard of the leverage hedge funds undertake. It may raise financial stability issues. Its use has been drawn to the attention since the beginning of the nineties. In 1993/94, several highly-leveraged funds were said to have amplified volatility in the US bond market because of the forced liquidation of their positions. When the Federal Reserve unexpectedly raised interest rates, funds were forced to deleverage causing bond prices to fall.

Additionally, to meet margin calls, these funds had to sell off their long positions in European securities markets, transmitting the disturbance to European markets. In the same way, in 1997/98, hedge funds had been able to take substantial short positions in Asian markets as a result of the leverage provided by their counterparties. Those episodes fuelled complaints that hedge funds using leverage destabilize the markets. Concerns about hedge fund leverage reach its highest point with the collapse of Long-Term Capital Management in 1998. In order to deliver attractive returns, the fund had highly leveraged positions as price discrepancies in US securities market were small. In September 1998, LTCM's leverage was very high. It had 600 million in capital to offset positions worth $1 billion. With a high probability of failure, fears arose that the distressed sales of its positions in US securities markets might destabilize financial markets. These fears led to the rescue of LTCM by the FED. In 2007, hedge funds own most of the risky CDO tranches (around 46%, OECD). As they are very big players, the counterparty credit exposures are very large. Problems arose when hedge funds started failing.

Hedge funds have been experiencing extreme funding liquidity risk since banks were short on capital, especially because they relied on leverage. They then faced higher margins. The interaction between the liquidity risk and leverage lead to extreme losses.

Thus, the use of leverage by hedge funds to a considerable extent raises the debate about the implications of hedge fund operations for systemic stability and increases their exposure to market risk. The objective of absolute performance conducts them to such a fragile situation.

And the fact that they implicitly manage public savings justifies this need of a good risk management that has never been more pressing.

All these worries highlight the importance of a reliable way to evaluate hedge fund risks.

However, the traditional measures of risk are not suitable for hedge funds as they not deal with some of hedge funds specificities. Indeed, under the mean-variance approach, hedge funds are very attractive as they generate high returns with low risk. But, the expansive literature about hedge fund returns analysis concludes that the mean-variance approach is not adequate to investigate hedge funds risk. [START_REF] Fung | Is mean-variance analysis applicable to hedge funds?[END_REF], Brook and [START_REF] Brooks | The statistical properties of hedge fund index returns and their implications for investors[END_REF] or Amenc, Curtis and Martellini [2003] demonstrated that the monthly returns distribution of hedge fund strategies present negative skewness and excess kurtosis. Thus, according to [START_REF] Kat | The dangers of mechanical investment decision-making: The case of hedge funds[END_REF], volatility underestimates hedge fund risks since volatility does not give any information about asymmetric distribution of returns and extreme losses. But, as noticed by [START_REF] Scott | On the direction of reference for moments of higher order than the variance[END_REF], investors are interested in higher moments of the distribution function. These drawbacks underline the importance of an adequate measure of hedge funds risk that accounts for extreme losses in order to capture as much as possible their characteristics. This paper is focused on this concern. One aims to go further the traditional measures of risk and introduce a more appropriate method to hedge funds.

While we point out that positions undertake by directional hedge funds strategies 3 increase the market risk and extreme losses have to be considered, we decided to focus on Value at Risk (VaR). VaR is widely used in the practice of risk management within the financial industry.

Its popularity is mainly due to the expression of the market risk in only one figure. For a methodology to be considered sound, the probability of loss should be reflected accurately.

Different types of VaR have been introduced. Riskmetrics assumes that the continuously compounded daily return of a portfolio follows a conditional normal distribution. But in the case of skewed and fat-tails returns, estimates result in an underestimation of the true risk. [START_REF] Favre | Mean-modified Value-at-Risk optimization with hedge funds[END_REF] introduced the modified VaR that is based on the cornish fisher expansion quantile in order to take into account the asymmetry and the kurtosis of the distribution. The historical estimation methodology in turn provides a non-parametric estimate of VaR. It does not make any assumption about the distribution of the portfolio 3 Fund positions are based on the evolution of the market as a whole.

-4 -return. It assumes that the distribution of returns will remain the same in the past and in the future. While these methods have a real contribution, they are not forward-locking and not adapted to capture hedge fund specificities. And as we seek to predict VaR, GARCH-type VaR appears to be more appropriate. In the same way, hedge fund returns exhibit nonlinear dependencies [START_REF] Fung | Is mean-variance analysis applicable to hedge funds?[END_REF]). These nonlinearities are caused by the use of derivatives, leverage and illiquid assets. It is thus important to capture time-variation in hedge fund returns. GARCH-type VaR allows the inclusion of time-varying conditional volatility in the VaR and deals with asymmetric and leptokurtosism phenomenon. Nonlinearities also often arise from the presence of dynamic strategies as hedge fund managers are able to shift their exposures rapidly. To account for the nonlinearity aspect and to analyze the dynamics of hedge fund risk, one also considers asymmetric GARCH models to trace hedge fund returns volatility process more effectively.

On the other hand, because of their private nature, hedge funds do not have to disclose their results. Most of researches on hedge funds are based on monthly data. The "democratisation" of hedge funds has encouraged them to provide data with higher frequency. Another contribution of this paper is the use of daily data to measure all hedge fund strategies risks. This article is organised as follows: Firstly, I present hedge fund strategies according to Hedge Fund Research data provider. Secondly, one introduces the Value at Risk concept and the conventional variance models considered. While the normal distribution is widespread, it however cannot describe fat-tails returns. Hence, the student-t distribution of returns is also applied dealing with leptokurtosis. GARCH, EGARCH and TGARCH process take into account the observed volatility clustering of returns. Thirdly, the GARCH models are applied to forecast a 1 day-ahead Value at Risk for various thresholds (5%, 2.5% and 1%). The forecasts are compared with the VaR based on the standard deviation. Finally, one backtests the different VaR approaches to test the relevance of the VaR models considered.

Hedge fund Strategies Description

Hedge fund strategies may be grouped in three different areas; directional, arbitrage and specific situations. Directional strategies entail a bet on the direction of the overall market.

They involve taking positions on forward and option markets, and in global markets.

Arbitrage strategy managers seek to exploit price discrepancies. Finally specific situations strategy managers tend to benefit from events affecting companies such a merger arbitrage and a restructuration.

Directional strategies

Arbitrage strategies Specific situation strategies

Equity hedge

Macro

Convertible arbitrage

Equity market neutral

Relative value arbitrage

Distressed securities Event driven

Merger arbitrage

To perform the empirical analysis, one uses the HFRX hedge fund indexes. The description of hedge fund strategies is directly taken from HFR documentation.

Global Index

The HFRX Global Hedge Fund Index is designed to be representative of the overall composition of the hedge fund universe. It is comprised of eight strategies; convertible arbitrage, distressed securities, equity hedge, equity market neutral, event driven, macro, merger arbitrage, and relative value arbitrage. The strategies are asset weighted based on the distribution of assets in the hedge fund industry.

Convertible arbitrage

Convertible Arbitrage involves taking long positions in convertible securities and hedging those positions by selling short the underlying common stock. A manager will, in an effort to capitalize on relative pricing inefficiencies, purchase long positions in convertible securities, generally convertible bonds, convertible preferred stock or warrants, and hedge a portion of the equity risk by selling short the underlying common stock.

Distressed Securities

Distressed Securities managers invest in, and may sell short, the securities of companies where the security's price has been, or is expected to be, affected by a distressed situation.

Managers will seek profit opportunities arising from inefficiencies in the market for such securities and other obligations.

Equity Hedge

Equity Hedge, also known as long/short equity, combines core long holdings of equities with short sales of stock or stock index options. Equity hedge portfolios may be anywhere from net long to net short depending on market conditions. Equity hedge managers generally increase net long exposure in bull markets and decrease net long exposure or even are net short in a -6 -bear market

Equity Market Neutral

Equity Market Neutral strategies strive to generate consistent returns in both up and down markets by selecting positions with a total net exposure of zero. Trading managers will hold a large number of long equity positions and an equal, or close to equal, dollar amount of offsetting short positions for a total net exposure close to zero. By taking long and short positions in equal amounts, the equity market neutral manager seeks to neutralize the effect that a systematic change will have on values of the stock market as a whole.

Event driven

Event Driven investment strategies or "corporate life cycle investing" involves investments in opportunities created by significant transactional events, such as spin-offs, mergers and acquisitions, industry consolidations, liquidations, reorganizations, bankruptcies, recapitalizations and share buybacks and other extraordinary corporate transactions. Event driven trading involves attempting to predict the outcome of a particular transaction as well as the optimal time at which to commit capital to it.

Macro

Macro strategies attempt to identify extreme price valuations in stock markets, interest rates, foreign exchange rates and physical commodities, and make leveraged bets on the anticipated price movements in these markets. Profits are made by correctly anticipating price movements in global markets and having the flexibility to use any suitable investment approach to take advantage of extreme price valuations

Merger Arbitrage

Merger Arbitrage, also known as risk arbitrage, involves investing in securities of companies that are the subject of some form of extraordinary corporate transaction, including acquisition or merger proposals, exchange offers, cash tender offers and leveraged buy-outs. Typically, a manager purchases the stock of a company being acquired or merging with another company, and sells short the stock of the acquiring company. A manager engaged in merger arbitrage transactions will derive profit (or loss) by realizing the price differential between the price of the securities purchased and the value ultimately realized when the deal is consummated.

Relative Value Arbitrage

Relative Value Arbitrage is a multiple investment strategy approach. The overall emphasis is on making "spread trades" which derive returns from the relationship between two related securities rather than from the direction of the market. Generally, trading managers will take offsetting long and short positions in similar or related securities when their values, which are mathematically or historically interrelated, are temporarily distorted. Profits are derived when the skewed relationship between the securities returns to normal.

Methodology

VaR is defined by the following relationship:

  level confidence t time at asset on return r VaR r P t t t t r         1 ) 1 ( ) ( 1 
It describes the estimated maximum potential loss of an asset not exceeded with a given probability defined as the confidence level, over a given period of time.

It is computed as follows:
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The VaR is the result of a product of the scalar denoted ) ( z representing a quantile depending on the level of confidence with the volatility in 1  t at horizon . t According to [START_REF] Wilmott | Derivatives[END_REF], the assumption of zero mean is valid over short-term horizons.

This assumption is based on the conjecture that the magnitude of mean is substantially smaller than the magnitude of the standard deviation and therefore can be ignored.

-8 -Therefore, the VaR formula considered is:
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2.

To evaluate hedge fund risks, one considers different types of VaR. The difference is made upon the quantile and the volatility model considered.

1. Types of quantile.

 Normal quantile  Student quantile. The Student's t distribution deals with the phenomenon of excess kurtosis by modelling tail thickness by a parameter called "degree of freedom".

 Cornish fisher quantile. [START_REF] Favre | Mean-modified Value-at-Risk optimization with hedge funds[END_REF] introduced the modified VaR that is based on the cornish fisher expansion quantile. It is an expansion around the normal distribution in order to take into account the asymmetry and the fat tails of the distribution.
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time series of returns R t , three distinct specifications have to be provided; one for the conditional mean equation, one for the conditional variance, and one for the conditional error distribution, conditional on 1   t , the information set available at time t-1.

GARCH models assume that the conditional mean equation is modelled as follows:
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However, when returns exhibit serial dependence structure, the mean equation is modelled as an AR, MA or ARMA process.

-9 -We first focus on GARCH model introduced by [START_REF] Bollerslev | Generalized autoregressive conditional heteroscedasticity[END_REF]:
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We also considered [START_REF] Nelson | Conditional heteroskesdasticity in asset returns: a new approach[END_REF] exponential GARCH model (EGARCH) in which the logarithm of conditional variance is specified as:
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Finally we deal with Zakoian [1990] threshold GARCH model (TGARCH) in which the conditional variance is specified as follows:
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An assumption about the conditional distribution of the error term

  t is required.
While the normal (Gaussian) distribution is widespread; it however cannot describe fat-tails returns. Hence the student's t distribution is also applied, modelling tail thickness by a parameter called "degree of freedom".

To sum up, 21 VaRs are computed; those based on standard deviation and computed with normal, student and cornish fisher quantile and those based on conditional volatility models (GARCH, TGARCH and EGARCH under the assumption of both normal and student assumption) computed with the same quantiles.

Empirical Analysis of Hedge Fund Return Indexes Volatility Data

Hedge fund providers licence their indexes to partners who can then create investable products. These products track the index by investing in a weighted portfolio of its constituents. To this end, only a limited numbers of liquid hedge funds are selected which leads to a sub-representativity bias.

Investable indexes providers have very strict hedge fund selection criterion in order to end up with a product easy to manage. However, very few hedge funds fulfil them. Consequently, the whole universe of hedge funds is not represented. Investable indexes are less representative than non investable indexes.

To perform the empirical analysis, one uses the HFRX (investable Hedge Fund Research 

Summary Statistics

Globally it can be noticed that hedge fund index returns 4 are quite favourably compared to stocks and bonds (appendix A). HFRX global index has an average mean return of 5.73 %.

Amongst investment styles, event driven exhibits the highest average mean return with 7.78 % followed by macro (7.58 %). Convertible arbitrage and equity market neutral strategies exhibit the lowest returns.

Appendix A shows that standard deviations of stock market indexes and JP Morgan EMU Bond Index are much higher than those of hedge funds. Russell 2000 has an average standard deviation of 18.50%, followed by NASDAQ (16.59%) and Dow Jones EURO STOXX 50 (16.21%), while HFRX global index exhibits a weak average standard deviation of 3.74%. 4 Returns of hedge fund indexes at time t are computed as follows: None of the hedge fund returns distributions seem to be symmetric. As a matter of fact, their skewness coefficients are different from zero and negative. The same conclusion is reached when we look at the stock and bond market indexes.
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Globally, hedge funds, stocks and bonds show evidence of fat tails, since the kurtosis exceeds 3, which is the normal value. It means that extreme returns (either losses or gains) are more likely than they are with the normal distribution. The returns distribution is leptokurtic. The combination of negative skewness and excess kurtosis denote a high probability of negative returns. Equity market neutral strategy exhibits the highest kurtosis coefficient with 38.03 followed by relative value arbitrage with 14.62 and merger arbitrage with 13.96.

According to those findings, hedge fund returns distribution seems to be far from normally distributed. According to the Jarcque-Bera test of normality, the null hypothesis of normally distributed returns is not accepted for none of the indexes. Indeed, the results show that the statistic is higher than theoretical value read in Chi-Square table with two degrees of freedom at the significant value of 5% (5.99) for all hedge fund return indexes and stock and bond market indexes. These results demonstrate that measures based on mean-variance approach are not reliable. On the other hand, table 1 below shows the existence of ARCH effects for most hedge fund strategies. This might be linked to the non-normality of the returns but also to the conditional distribution. That's why, one decided to go further the normal distribution and consider the Skewness one and the Cornish-Fisher expansion. 
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Volatility clustering is exhibited in appendix B. We can see that periods of high and low volatility are grouped together. These stylized facts are typical features of financial time series and demonstrate that the volatility of hedge funds varies through time. This suggests the use of non-linear time series structures to model the volatility of hedge fund returns.

Volatility Forecasting Using GARCH Models

As hedge fund strategies exhibit serial correlation induced by discontinuous trading (table 1), we represent the return generating process in the mean equation of the GARCH-type model with an ARMA-like component5 in order to desmooth hedge fund returns. A lag structure of p=1 and q=1 seems to be the most suitable (for equity market neutral, merger arbitrage and relative value arbitrage, the appropriate lag structure is p=2 and q=2). The autocorrelation and partial autocorrelation functions are used to identify the form of the mean equation. The choice of the adequate mean equation is based on selection criterion6 .

Then, one models the hedge fund strategies conditional variance as a GARCH, TGARCH and EGARCH process as they deal with nonlinearities and asymmetries. The conditional variances were estimated under the assumption that residuals  t follow the normal and the student law. A lag structure of p=1 and q=1 is also considered. -13 -According to these findings, all hedge fund strategies present asymmetric effects. This feature is in line with the negative skewness, nonlinearities and dynamic trading strategies that characterise hedge fund returns. Convertible Arbitrage -0,529% -0,656% -0,678% -0,703% Distressed Securities -0,346% -0,350% -0,351% -0,366% Event Driven -0,647% -0,646% -0,619% -0,676% Equity Hedge -0,842% -0,949% -1,008% -0,910% Equity Market Neutral -0,604% -0,739% -0,796% -0,738% Macro -1,094% -1,574% -1,897% -1,856% Merger Arbitrage -0,521% -0,334% -0,343% -0,349% Relative Value Arbitrage -0,512% -0,816% -0,876% -0,816% Global Index -0,548% -0,653% -0,637% -0,599%

Student quantiles

1% Standard Deviation GARCH TGARCH EGARCH VaR VaR VaR VaR
Convertible Arbitrage -0,562% -0,702% -0,723% -0,753% Distressed Securities -0,394% -0,429% -0,424% -0,430% Event Driven -0,705% -0,704% -0,688% -0,733% Equity Hedge -0,886% -1,014% -1,080% -0,978% Equity Market Neutral -0,646% -0,808% -0,854% -0,802% Macro -1,207% -1,743% -2,131% -2,098% Merger Arbitrage -0,583% -0,378% -0,397% -0,400% Relative Value Arbitrage -0,573% -0,898% -0,971% -0,919% Global Index -0,591% -0,701% -0,718% -0,639% -14 - Convertible Arbitrage -0,690% -0,857% -0,885% -0,918% Distressed Securities -0,404% -0,408% -0,409% -0,427% Event Driven -0,990% -0,988% -0,947% -1,034% Equity Hedge

-1,125% -1,268% -1,346% -1,216% Equity Market Neutral -2,774% -3,395% -3,660% -3,392% Macro -2,207% -3,173% -3,825% -3,743% Merger Arbitrage -1,171% -0,750% -0,771% -0,786% Relative Value Arbitrage -1,136% -1,811% -1,945% -1,812% Global Index -0,862% -1,027% -1,001% -0,942%
Table 2 reports results of 1 day-ahead VaR forecasts computed for 1 % threshold using normal, student and cornish fisher quantiles.

Among investment styles, equity hedge, merger arbitrage and relative value exhibit the highest VaR for almost all methods. These strategies seek to benefit from a spread which leads to a significant use of leverage increasing the level of risk. This is particularly true for relative value arbitrage (cf LTCM). Managers experience small price discrepancies and use a high level of leverage in order to generate returns. In the same way, merger arbitrage managers are exposed to market risk. Indeed when the market is down, merger arbitrage activity suffers.

Results show that VaR based on the normal quantile underestimate market risk. Those based on student and cornish fisher quantiles seem to be more relevant methods as their values are higher.

Among VaR methods, whatever the quantile may be, TGARCH and EGARCH-type VaR exhibit the highest values.

If one has a glance to the appendixes G, H and I, we can see that the GARCH/TGARCH and EGARCH-type VaR do react immediately to small or large price changes.

Backtesting VaR Models

To support the conclusions found above, it is necessary to test these VaR models. The quality of the VaR forecasts depends on the quality of the VaR method. One has to judge whether our VaR forecasts are consistent with subsequently realized returns given the confidence level.

When the number of realized observations falling outside VaR predictions is in line with the confidence level, the VaR model is adequate.

The tests start from a hit sequence function. It describes whether or not a loss in excess of the reported VaR has been realized. The function is defined as follows:
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A VaR model will be accurate if and only if the hit sequence function satisfies both the unconditional coverage property and the independence property8 [START_REF] Christoffersen | Evaluating interval forecasts[END_REF]).

Backtesting Results

The number of observations for each hedge fund index is 1241. One uses the last 250 observations for out-of-sample forecasting. For each model, the first 991 daily returns are used to form a VaR forecast for day 992. Then, data from day 2 to day 992 are used to form a VaR forecast for day 993 and so on. 250 out-of-sample forecasts are generated recursively by moving the estimation-window forward through time. Convertible Arbitrage -0,53% -0,66% -0,68% -0,70% Distressed Securities -0,35% -0,35% -0,35% -0,37% Event Driven -0,65% -0,65% -0,62% -0,68% Equity Hedge -0,84% -0,95% -1,01% -0,91% Equity Market Neutral -0,60% -0,74% -0,80% -0,74% Macro -1,09% -1,57% -1,90% -1,86% Merger Arbitrage -0,52% -0,33% -0,34% -0,35% Relative Value Arbitrage -0,51% -0,82% -0,88% -0,82% Global Index -0,55% -0,65% -0,64% -0,60% Convertible Arbitrage -0,56% -0,70% -0,72% -0,75% Distressed Securities -0,39% -0,43% -0,42% -0,43% Event Driven -0,71% -0,70% -0,69% -0,73% Equity Hedge -0,89% -1,01% -1,08% -0,98% Equity Market Neutral -0,65% -0,81% -0,85% -0,80% Macro -1,21% -1,74% -2,13% -2,10% Merger Arbitrage -0,58% -0,38% -0,40% -0,40% Relative Value Arbitrage -0,57% -0,90% -0,97% -0,92% Global Index -0,59% -0,70% -0,72% -0,64%

Cornish fisher quantiles

1% Standard Deviation GARCH TGARCH EGARCH VaR VaR VaR VaR
Convertible Arbitrage -0,69% -0,86% -0,89% -0,92% Distressed Securities -0,40% -0,41% -0,41% -0,43% Event Driven -0,99% -0,99% -0,95% -1,03% Equity Hedge

-1,13% -1,27% -1,35% -1,22% Equity Market Neutral -2,77% -3,40% -3,66% -3,39% Macro -2,21% -3,17% -3,83% -3,74% Merger Arbitrage -1,17% -0,75% -0,77% -0,79% Relative Value Arbitrage -1,14% -1,81% -1,95% -1,81% Global Index -0,86% -1,03% -1,00% -0,94%
A glance to table 3 shows that the ex-post violations rate is larger than the initial coverage rate. For most of the models, losses in excess of the reported VaR occurred more frequently, no matter the threshold. This suggests that VaR understates the actual level of risk.

Under the cornish fisher GARCH-type (2.5% and 1%), losses in excess occurred less frequently for several hedge fund strategies. This means that VaR is too conservative. 9 No reported conditional variance for several GARCH and TGARCH estimations -17 - VaRs models pass all the tests except the GARCH and TGARCH type VaR (it fails the unconditional coverage for equity market neutral and merger arbitrage. The EGARCH-type VaR does not pass the conditional coverage for merger arbitrage).

When VaRs are computed using the cornish fisher quantile, the worst performer model is once more the one based on the standard deviation. The GARCH, TGARCH and EGARCHtype VaR pass all tests.

Conclusion

This research paper aimed to investigate hedge funds market risk. One demonstrates that daily hedge fund return distributions are asymmetric and leptokurtic. Furthermore, volatility clustering phenomenon and the existence of ARCH effects demonstrate that hedge funds volatility varies through time. These features suggest the modelisation of their volatility using symmetric (GARCH) and asymmetric models (EGARCH and TGARCH).

The conditional variances were estimated under the assumption that residuals  t follow the normal and the student law. The conditional variance of hedge fund strategies exhibits asymmetric effects and mean reversion among investment styles.
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The knowledge of the conditional variance was used to forecast 1-day-ahead ahead VaR. The estimations are compared with the Gaussian, the student and the modified VaR. The results demonstrate that VaR models based on normal quantile underestimate risk while those based on student and cornish fisher quantiles seem to be more relevant measurements. GARCH-type

VaR are very sensitive to changes in the return process.

Backtesting results show that the choice of the model used to forecast volatility is important.

Indeed, the VaR based on standard deviation is not relevant to measure hedge funds risks as it fails the appropriate tests. On the opposite side, GARCH, TGARCH and EGARCH-type VaR are accurate as they pass successfully the backtesting tests. The quantile used has also an impact on the relevance of the VaR models considered. GARCH-type VaR computed with the student and especially cornish fisher quantiles lead to better results. 
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Test of Independence

VaR violations at various periods must be independent over time. [START_REF] Christoffersen | Evaluating interval forecasts[END_REF] introduced the likelihood ratio of independence which examines the serial independence of the hit sequence function given the confidence level. It is expressed as follows: 
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Test of Conditional Coverage

Christoffersen [1998] 

  indices) daily performance subindexes split by an investment style and an aggregate index which encompasses all hedge fund strategies and spans the period March 31 st 2003 -March 3 rd 2008 (1241 observations). The HFRX indexes are based on the Hedge Fund Research (HFR) database. The indexes measure the net of fee returns denominated in US dollar. Funds included must be currently open to new transparent investment, have at least $50 Million under management and meet 24 month track record. The HFRX indexes consist of eight single strategies presented above; convertible arbitrage, distressed securities, equity hedge, equity market neutral, event driven, macro, merger arbitrage and relative value arbitrage. The HFRX global hedge fund index encompasses over 55 funds.

  Appendixes D and E present the hedge fund strategies parameters estimates. Whatever the distribution followed by residuals t  , the conditional variance parameters are significant in all cases. The Ljung-Box and the ARCH-LM tests confirm that models considered take the heteroscedasticity into account for almost all hedge fund strategies. macro strategy), which indicates that bad news have larger impact on the volatility of the returns.We observe that EGARCH(1;1) process display a value of 0

Table 1 :

 1 ARCH Test of Hedge Fund Return Indexes

	Convertible Arbitrage	28.25 (0.00)	19.28 (0.00)	33.76 (0.00)
	Distressed Securities	5.36 (0.25)	84.75 (0.00)	115.70 (0.00)
	Event Driven	122.75 (0.00)	30.00 (0.00)	38.65 (0.00)
	Equity Hedge	202.79 (0.00)	47.18 (0.00)	58.46 (0.00)
	Equity Market Neutral	429.76 (0.00)	43.86 (0.00)	49.68 (0.00)
	Macro	191.88 (0.00)	42.57 (0.00)	51.25 (0.00)
	Merger Arbitrage	269.26 (0.00)	14.42 (0.01)	28.85 (0.00)
	Relative Value Arbitrage	282.26 (0.00)	11.49 (0.04)	24.21 (0.01)
	Global	240.90 (0.00)	79.74 (0.00)	94.30 (0.00)

Table 2 :

 2 Value at Risk Forecasts Results

	Normal quantiles			
	Standard	GARCH	TGARCH	EGARCH
	Deviation			
	VaR	VaR	VaR	VaR

Table 3 :

 3 Number and Proportion of Hedge Funds VaR Failures

	Normal quantiles			
		1%		
	Standard Deviation GARCH TGARCH EGARCH
	VaR	VaR	VaR	VaR

Table 4 :

 4 Unconditional Coverage, Independence and Conditional Coverage TestThe first table exhibits results when VaRs are computed using the normal quantile. The worst VaR model is performed by the one based on the standard deviation. It fails the unconditional and conditional coverage tests for all the hedge fund strategies (except distressed securities).On the opposite side, all GARCH-type VaR models pass successfully all the tests for most of the hedge fund strategies. GARCH and TGARCH-type VaR do not pass the unconditional and conditional coverage for equity market neutral and merger arbitrage. EGARCH-type VaR fails these tests for equity hedge, equity market neutral, merger arbitrage and global index.

	Normal quantiles								
					1%				
		Standard Deviation	GARCH	TGARCH	EGARCH
		Nb of F	POF	Nb of F	POF	Nb of F	POF	Nb of F	POF
	Convertible Arbitrage	11	4.40%	6	2.40%	6	2.40%	7	2.80%
	Distressed Securities	4	1.60%	3	1.20%	3	1.20%	3	1.20%
	Event Driven	17	6.80%	7	2.80%	8	3.20%	7	2.80%
	Equity Hedge	23	9.20%	5	2.00%	7	2.80%	11	4.40%
	Equity Market Neutral	15	6.00%	11	4.40%	10	4.00%	10	4.00%
	Macro	16	6.40%	5	2.00%	4	1.60%	4	1.60%
	Merger Arbitrage	16	6.40%	12	4.80%	12	4.80%	12	4.80%
	Relative Value Arbitrage	22	8.80%	8	3.20%	9	3.60%	9	3.60%
	Global Index	24	9.60%	8	3.20%	11	4.40%	10	4.00%
	Student quantiles 10								
					1%				
		Standard Deviation	GARCH	TGARCH	EGARCH
		Nb of F	POF	Nb of F	POF	Nb of F	POF	Nb of F	POF
	Convertible Arbitrage	9	3,60%	5	2,00%	6	2,40%		2,00%
	Distressed Securities	3	1,20%	-	-	-	-		0,80%
	Event Driven	11	4,40%	6	2,40%	4	1,60%		1,60%
	Equity Hedge	21	8,40%	4	1,60%	6	2,40%		2,40%
	Equity Market Neutral	13	5,20%	10	4,00%	9	3,60%	10	4,00%
	Macro	15	6,00%	4	1,60%	3	1,20%		1,60%
	Merger Arbitrage	15	6,00%	-	-	-	-	11	4,40%
	Relative Value Arbitrage	19	7,60%	-	-	4	1,60%		2,40%
	Global Index	21	8,40%	2	0,80%	4	1,60%		2,00%
	Cornish fisher quantiles 11							
					1%				
		Standard Deviation	GARCH	TGARCH	EGARCH
		Nb of F	POF	Nb of F	POF	Nb of F	POF	Nb of F	POF
	Convertible Arbitrage	6	2,40%	3	1,20%	2	0,80%		0,80%
	Distressed Securities	2	0,80%	3	1,20%	2	0,80%		1,20%
	Event Driven	4	1,60%	2	0,80%	1	0,40%		0,80%
	Equity Hedge	8	3,20%	1	0,40%	1	0,40%		0,00%
	Equity Market Neutral	1	0,40%	0	0,00%	0	0,00%		0,00%
	Macro	4	1,60%	0	0,00%	0	0,00%		0,00%
	Merger Arbitrage	4	1,60%	0	0	0	0		0,40%

10 

No reported conditional variances for several GARCH and TGARCH estimations 11 GARCH, TGARCH and EGARCH parameters are estimated under the assumption that residuals follow the normal law -18 -When VaRs are computed using the student quantile, the best performers models are still GARCH-type VaR. Again the VaR model based on standard deviation fails almost all tests (except for distressed securities and independence test for several hedge fund strategies).
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1 day-ahead Equity Market Neutral VaR
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Hedge Fund Historical Returns and VaR Forecasts (student quantile, 1% confidence level) 1 day-ahead Global Index VaR
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1 day-ahead Equity Hedge VaR
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									1 day-ahead Equity Market Neutral VaR

Hedge Fund Historical Returns and VaR Forecasts (cornish fisher quantile, 1% confidence level) 1 day-aheadGlobal IndexVaR
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1 day-ahead Relative Value Arbitrage VaR
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Either an AR, a MA or an ARMA.

R², AIC, SIC and Log Likelihood.

GARCH, TGARCH and EGARCH parameters are estimated under the assumption that residuals follow the normal law

These tests are presented in appendix G.

** no significant at 5% confidence level

** no significant at 5% confidence level

** no significant at 5% confidence level

** no significant at 5% confidence level

** no significant at 5% confidence level