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The System : a Ponzi Scheme



Investors
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Mr. Madoff’s Fraud



Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Fairfield Greenwich Group FGG These items are taken from the official information disclosed to the clients • Large alternative asset managers, with approximately



USD$12 billion under management • FGG entities are registered with the U.S. SEC • Client base includes: private banks, financial advisors, family



offices, pension funds, government authorities, and other institutional investors • Rigorous portfolio oversight and risk monitoring • Fairfield Sentry Limited (FS) has employed a split strike



conversion strategy since inception in 1990.
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Mr. Madoff’s Fraud



Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



FGG Promises • Connection of FS to Bernie Madoff



• • • • • • •



The “split strike conversion” strategy is implemented by Bernie L. Madoff Investment Securities LLC(“BLM”), a broker dealer registered with the Securities and Exchange Commission through accounts maintained by the Fund in that firm. Maintain full transparency to BLM accounts Independent verification of prices and account values P&L attribution analysis Examination of option greeks to make sure the hedge is working as expected Risk oversight using Risk Metrics Systematic investment compliance monitoring of Operating Guidelines Regular written communication to clients
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Part II



The Split-Strike Strategy: Empirical evidence



Carole Bernard



Mr. Madoff’s Amazing Returns



8



Mr. Madoff’s Fraud



Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Madoff’s Magic Performance
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Mr. Madoff’s Fraud



Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Performance Dec 1990 to Oct 2008. The Sharpe ratio is obtained by SR =



E [v (h)] − v (0)e rh p Var [v (h)]



Strategy Average return (y) St deviation (y) Sharpe Ratio (y) Max monthly return Min monthly return % months positive Corr with S&P Carole Bernard



Invest in S&P



Fairfield



9.64% 14.28% 0.36 11.44% -16.79% 64.65% 1.00



10.59% 2.45% 2.47 3.29% -0.64% 92.33% 0.32 Mr. Madoff’s Amazing Returns
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Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Payoff of the SSC strategy after 1 month Long equity position (buy the index at say s0 = 100). Buy a one month put with strike at 95, and sell a one month call with strike at 105, both with maturity h = 1 month.



Payoff at h=1 month: min(max(s(h), 95), 105) Carole Bernard
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Red Flags



SSC Strategy in the general case I Time zero: Go long the equity index cost s0 I Buy a put on the index with maturity h and strike kp I Sell a call on the index with maturity h and strike kc I Both options are out-of-the-money kp < s0 < kc . I Invest option premiums at risk free rate r . I Portfolio at time h v (h) = s(h) + (c0 − p0 )e rh + [kp − s(h)]+ − [s(h) − kc ]+ I At time h, rebalance and repeat Carole Bernard
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Split-Strike Strategy: Empirical
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Red Flags



Replicating Madoff’s Strategy We need the prices of call and put options with one month maturity for 18 years. We use Black Scholes formula where the volatility parameter is taken from the VIX index. Call Price = s0 N(d1 ) − Ke −rh N(d2 )   2 ln(s0 /K )+ r + σ2 √ σ h



√ and d2 = d1 − σ h. where d1 = Implied volatility = volatility σ that yields a theoretical call price equal to the current market price. The VIX index approximates the implied volatility of at-the-money call options (when K = s0 ).



Carole Bernard



Mr. Madoff’s Amazing Returns



13



Mr. Madoff’s Fraud



Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory
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Performance of SSC (at-the-money volatility)
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Performance Dec 1990 to Oct 2008.



Strategy Average return (y) St deviation (y) Sharpe Ratio (y) Max monthly return Min monthly return % months positive Corr with S&P
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Split strike Strategy ATM vol 11.22% 10.72% 0.62 5.31% -4.94% 64.65% 0.95



Fairfield 10.59% 2.45% 2.47 3.29% -0.64% 92.33% 0.32
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Volatility Skew
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Performance SSC with vol skew
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Performance Dec 1990 to Oct 2008.



Strategy Average return (y) St deviation (y) Sharpe Ratio (y) Max monthly return Min monthly return % months positive Corr with S&P
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Split strike Strategy Including vol skew 6.42% 11.02% 0.20 4.85% -6.01% 63.72% 0.95



Fairfield 10.59% 2.45% 2.47 3.29% -0.64% 92.33% 0.32
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Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Summary



• Madoff’s returns are exceptional compared to S&P and



realistic SSC. • Cannot reproduce Madoff’s returns using a split-strike strategy • Expected return on SSC is about 6.5% pa compared to



Madoff (10.6% pa) • Standard deviation on SSC is about 11% compared to Madoff



(2.45%) • Empirical Sharpe ratios based SSC is in range [0.20, 0.60]



compared to Madoff’s 2.47
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Part III



The Split-Strike Strategy: Theoretical evidence
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Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Theoretical Distribution of v (h) v (h) denotes the payoff at time h of the split-strike conversion strategy. v (h) = s(h) + (c0 − p0 )e rh + [kp − s(h)]+ − [s(h) − kc ]+ In Black and Scholes framework, there are formulas for the expected value and variance of v (h) under P (see paper) We show that     v (h) sh µh < e =E E v (0) s0 This implies expected return on SSC is less than expected return on the index.
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Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Moments of SSC 1 • Assume s0 = 100, σ = 20%, µ = 0.1, h = 12 and r = 0.04. • Next slide shows the first two moments when the strikes vary



as follows kc = s0 + b, kp = s0 − b, b ∈ (0, 99).
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Return and vol of SSC
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Sharpe ratio of v (h) The Sharpe ratio is obtained by SR =



E [v (h)] − v (0)e rh p Var [v (h)]



Using our formulae, we can compute the Sharpe ratio for the SSC strategy. Assume one month options with kc = 105, kp = 95, r = .04 Index µ



Index σ



0.10 0.10 0.08



0.16 0.20 0.20



Sharpe ratio SSC 0.374 0.291 0.193



Sharpe ratio Index 0.378 0.299 0.200



Numbers are in the range we got before in the empirical study. Carole Bernard
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Bounded Sharpe ratio We prove that: N(a2 ) − N(ˆa2 )



q



p 6 SR 6 N(a2 )(1 − N(a2 )) where N is the cdf of the N(0,1), a2 = √ r h σ



√ σ h 2 .



√ µ h σ



e



(µ−r )2 h σ2



−



√ σ h 2



− 1. and



ˆa2 = − The maximum Sharpe ratio is obtained by Goetzmann, Ingersoll, Spiegel and Welch (2007). The minimum is obtained in the paper. For our parameters µ = .1, σ = 0.20, r = .04, h = 1, 0.243 6 SR 6 0.31



Carole Bernard



Mr. Madoff’s Amazing Returns



25



Mr. Madoff’s Fraud



Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Sharpe Ratio
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Sharpe Ratio
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Red Flags



Correlation between the Strategy and the Index



We are able to obtain a formula for the correlation: Corr (v (h), s(h)) and to prove that N(a1 ) − N(a2 ) q  6 Corr (v (h), s(h)) 6 1 N(a2 )(1 − N(a2 )) e σ2 h − 1 where a1 =



Carole Bernard



√ µ h σ



+



√ σ h 2 ,



a2 =



√ µ h σ



−



√ σ h 2 .
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Correlation between the Strategy and the Index



Carole Bernard



Mr. Madoff’s Amazing Returns



29



Mr. Madoff’s Fraud



Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Part IV



Red Flags
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Regulation
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Split-Strike Strategy: Empirical



Split-Strike Strategy: Theory



Red Flags



Regulation: Numerous red flags...



In particular, we proved that there were two important features of Madoff’s strategy I Sharpe ratio too high I Volatility too low (for the expected returns) I Too low correlation with the market But there are many other reasons that were given by others... Carole Bernard
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Split-Strike Strategy: Empirical
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Red Flags



Regulation: Numerous red flags... I Markopolos’ anonymous report (2005) entitled “The world’s largest hedge fund is a fraud” • • • •



unusual fee structure compared to other hedge funds too much secrecy not enough options available on the market too few negative returns. He should have bought ATM options (but they are very expensive). • mathematically impossible to get a so low correlation with the market. • his compounded monthly returns correspond almost to a straight line • unbelievably high sharpe ratios.



I Part I of Markopolos’ testimony (2009). The first SEC submission was made in May 2000. However, the fraud was only official in December 2008! Carole Bernard
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Regulation: Numerous red flags...



I Gregoriou and Lhabitant (2009) “Madoff a Riot of Red Flags” • • • • • •



Obscure auditors, accountants Very important personality (director of the NASDAQ in 1988), gave a lot to charities Too much secrecy Incoherent 13F filings ...



I Part II of Markopolos’ testimony (2009). “Rebuilding the SEC”! page 30: The SEC is a Failed Regulator: But it Can’t Remain One
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Further Research...



Madoff case is just one example. I Extending to other hedge funds I Identifying the strategy may be difficult (as well as obtaining the actual monthly returns of a particular manager). I Lack of transparency. Asymmetric information. I Calculate standard statistics for other option strategies, develop statistic tests to detect fraud. I Can we identify suspicious hedge funds in the market?
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Q& A



⇒ 150 years in prison! (29 June 2009) Carole Bernard
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