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Abstract 

Many hedge funds invest in illiquid, hard to price securities that offer opportunities for high 
returns.  However, the lack of price transparency makes measuring objective performance of 
investments in illiquid instruments quite difficult.  To calculate monthly returns, managers 
employ pricing schemes based on the last available traded price, the average of prices received 
from dealers, or their own best estimate.  The consequences of such practices include stale 
prices1, managed prices2, and false measures of volatility3.   
 
A pricing policy applied subjectively can allow the return distribution of a fund to take the shape 
desired by the manager, rather than one dictated by an unbiased market.  The Bias Ratio, 
presented here, provides a measure of human “bias” used in return calculations.  This paper 
defines a simple return-based formula for the Bias Ratio, which gives a concrete measure of 
valuation bias for illiquid hedge fund assets.  By measuring the shape of return histograms 
around the critical area surrounding a zero percent return, the Bias Ratio flags funds that might 
“smooth” returns. 
 

                                                 
1 Getmansky, Mila; Lo, Andrew; Makarov, Igor; “An Econometric Model of Serial Correlation and Illiquidity 
In Hedge Fund Returns”, 2003, NBER Working Paper No. w9571Issued in March 2003. 
2 Asness, Clifford S.; Krail, Robert J.; Liew, John M., “Alternative Investments: Do Hedge Funds Hedge?”, 
2001, Journal of Portfolio Management, Volume 28, Number 1. 
3 Weinstein, Eric; Abdulali, Adil, “Hedge fund transparency: quantifying valuation bias for illiquid assets”, 
June 2002, Risk. 
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I. Introduction 
 
Imagine that you are a hedge fund manager who invests in securities that are hard to value, 
such as mortgage backed derivatives.  Your peer group consists of funds with similar mandates, 
and all have track records with high Sharpe Ratios, very few down months, and investor 
demand from the “one per cent per month” crowd.  You are keenly aware that your potential 
investors look carefully at the characteristics of returns, including such calculations as the 
percentage of months with negative and positive returns. 
 
Furthermore, assume that no pricing service can reliably price your portfolio, and the assets are 
often sui generis with no quoted market.  In order to price the portfolio for return calculations, 
you poll dealers for prices on each security monthly and get results that vary widely on each 
asset.  The following real world example illustrates this theoretical construct.  
 
Table I4 

 
 

When pricing this portfolio, standard market practice allows a manager to discard outliers and 
average the remaining prices.  But what constitutes an outlier?  Market participants contend that 
outliers are difficult to characterize methodically and thus use the heuristic rule “you know it 
when you see it.”  Visible outliers consider the particular security’s characteristics and liquidity 
as well as the market environment in which quotes are solicited.  After discarding outliers, a 
manager sums up the relevant figures and determines the Net Asset Value (“NAV”). 
 
Now let’s consider what happens when this NAV calculation results in a small monthly loss, 
such as -0.01%.  Lo and behold, just before the CFO publishes the return, an aspiring junior 
analyst notices that the pricing process included a dealer quote 50% below all the other prices 
for that security.  Throwing out that one quote would raise the monthly return to +0.01%. 
 

                                                 
4 Abdulali, Adil; Rahl, Leslie; Weinstein, Eric, “Phantom Prices & Liquidity: The Nuisance of 
Translucence”, 2002, AIMA. 
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A manager with high integrity faces two pricing alternatives.  Either the manager can close the 
books, report the -0.01% return, and ignore new information, ensuring the consistency of the 
pricing policy (Option 1) or the manager can accept the improved data, report the +0.01% 
return, and document the reasons for discarding the quote (Option 2). 
 
As illustrated below, these human choices impact the fund’s return distribution. 
 
Figure I5 
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The smooth blue histogram represents a manager who employed Option 1, and the kinked red 
histogram represents a manager who chose Option 2 in those critical months.  Given the 
proclivity of Hedge Fund investors for consistent, positive monthly returns, many a smart 
businessman might choose Option 2, resulting in more frequent small positive results and far 
fewer small negative ones than in Option 1.  The “reserve” that allows “false positives” with 
regularity is evident in the unusual hump at the -1.5 Standard Deviation point.  This psychology 
is summed up in a phrase often heard on trading desks on Wall Street, “let us take the pain 
now!”  The geometry of this behavior in figure 1 is the area in between the blue line and the red 
line from -1σ to 0.0, which has been displaced, like toothpaste squeezed from a tube, farther out 
into negative territory. 
 
By itself, such a small cover up might not concern some beyond the irritation of misstated return 
volatility.  However, the empirical evidence that justifies using a “Slippery Slope” argument here 
includes almost every mortgage backed fund that has blown up due to valuation problems, such 
as the Safe Harbor6 fund, and equity funds such as the Bayou fund.7  Both funds ended up 
perpetrating outright fraud born from minor cover ups.  More generally, financial history has 
several well known examples where hiding small losses eventually led to fraud such as the 
                                                 
5 The data for this histogram was generated by scaling and amalgamating the returns of two high Bias 
Ratio hedge funds in order to conceal their identity. 
6 SEC Litigation Release No. 18950, October 28, 2004 
7 SEC Litigation Release No. 19692, May 9, 2006 
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Sumitomo copper affair as well as the demise of Barings.  Traders and portfolio managers 
should heed Scott: “O what a tangled web we weave when first we practice to deceive”8. 
 
II. Definition and Properties 

 
Although the hump at -1.0σ is difficult to model, behavior induced modifications manifest 

Let:  
[0.0, +1.0σ] = the closed interval from zero to +1 standard deviation of returns 

Let: 
[-1.0σ, 0.0) =  the half open interval from -1 standard deviation of returns to zero 

Let: 
r  = return in month i, 1 ≤ i ≤ n, and n = number of monthly returns 

 

BR  =  Bias Ratio   = Count (r

themselves in the shape of the return histogram around a small neighborhood of zero.  It is 
approximated by a straightforward formula. 
 

(including zero) 

(including -1.0 σ and excluding zero) 

i

 
i):  ri  є [0, +1.0σ]___ 

 
The Bias Ratio roughly approximates the ratio between the area under the return histogram 

a. 0 ≤ BR ≤ n 
 , then BR = 0   

ch 0σ then BR = 0  
en BR  1.0 as n . 

 
he Bias Ratio defined by a 1σ interval around zero works well to discriminate amongst hedge 

                                                

   1+ Count (ri):  ri  є [-1.0σ, 0) 

near zero in the first quadrant and the similar area in the second quadrant.  It holds the following 
properties: 
 

b. If   ri ≤ 0, ∀ i
c. If ∀  ri  su  that ri > 0, ri > 1.
d. If the distribution ri is Normal with mean = 0, th → →∞

T
funds.  Other intervals provide metrics with varying resolutions, but these tend towards 0 as the 
interval shrinks.  
 

 
8 Sir Walter Scott (1771-1832), Marmion, Canto vi. Stanza 17. 
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III.  Bias Ratios of the Market 

 
Table II9 
 

Bias Ratios : Indices

Index
Annualized 

Average 
(geom) Sharpe Ratio

Standard 
Deviation

Bias 
Ratio

NIKKEI 225 Yen Index -3.98 -0.41 20.17 1.13

Hennessee H.F. Index EMERGING MKTS 5.93 0.13 13.33 1.28

Lehman Aggregate Bond Composite Index 6.80 0.65 4.00 1.36

RUSSELL 2000 8.76 0.23 19.40 1.36

JP Morgan EMBI+ Composite 11.27 0.39 17.99 1.53

Lehman Government Index 6.95 0.60 4.57 1.55

MSCI $ World DRI Index 7.19 0.21 14.42 1.55

S&P 500 DRI 10.35 0.40 15.45 1.56

HENNESSEE H.F. INDEX 10.15 0.83 7.13 1.71

Hennessee H.F. INDEX FIXED INCOME 5.73 0.25 6.12 2.12

CSFB High Yield Index Value 8.21 0.63 6.35 2.15

Lehman Aggregate Bond - Mortgage Backed Securities Index 6.79 0.83 3.12 2.16

Hennessee H.F. Index HIGH YIELD 4.43 0.03 7.20 2.18

Hennessee H.F. Index DISTRESSED ONLY 12.28 1.30 6.22 2.61

Hennessee H.F. Index FINANCIAL EQUITIES 13.56 0.76 12.30 2.64

Hennessee H.F. Index EVENT DRIVEN 13.13 1.26 7.10 2.65

Hennessee H.F. Index CONVERTIBLE ARB. 8.83 1.17 3.95 5.00  
 
Natural Bias Ratios of Asset Returns 

The Bias Ratios of market and hedge fund indices gives some insight into the natural shape of 
returns near zero.  Theoretically one would not expect demand for markets with normally 
distributed returns around a zero mean.  Such markets have distributions with a Bias Ratio of 
less than 1.0.  Major market indices support this intuition and have Bias Ratios generally greater 
than 1.0 over long time periods.  The returns of equity and fixed income markets as well as 
alpha generating strategies have a natural positive skew that manifests in a smoothed return 
histogram as a positive slope near zero.  Fixed income strategies with a relatively constant 
positive return (“carry”) also exhibit total return series with a naturally positive slope near zero.  
Cash investments such as 90-day T-Bills have large Bias Ratios, since they generally do not 
experience periodic negative returns.  Consequently the Bias Ratio is less reliable for the 
theoretic hedge fund that has an un-levered portfolio with a high cash balance.  However, the 
author has yet to encounter such a fund in practice. 
 
Bias Ratios vs. Sharpe Ratios 

Since the Sharpe Ratio measures risk-adjusted returns, and valuation biases are expected to 
understate volatility, one might reasonably expect a relationship between the two.  For example, 
an unexpectedly high Sharpe Ratio may be a flag for skeptical practitioners to detect 

                                                 
9 All index calculations are done on monthly data over a time period greater than 9 years with the 
exception of the Hennessee H.F. High Yield index that spans 7.5 years.  
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smoothing10.  The data does not support a strong statistical relationship between a high Bias 
Ratio and a high Sharpe Ratio.  High Bias Ratios exist only in strategies that have traditionally 
exhibited high Sharpe Ratios, but plenty of examples exist of funds in such strategies with high 
Bias Ratios and low Sharpe Ratios.  The prevalence of low Bias Ratio funds within all strategies 
further attenuates any relationship between the two. 
 
The Bias Ratio and Serial Correlation 

Hedge fund investors use serial correlation to detect smoothing in hedge fund returns.  Market 
frictions such as transaction costs and information processing costs that cannot be arbitraged 
away lead to serial correlation, as well as do stale prices for illiquid assets.  Managed prices are 
a more nefarious cause for serial correlation.  Confronted with illiquid, hard to price assets, 
managers may use some leeway to arrive at the fund’s NAV.  When returns are smoothed by 
marking securities conservatively in the good months and aggressively in the bad months a 
manager adds serial correlation as a side effect.  The more liquid the fund’s securities are, the 
less leeway the manager has to make up the numbers.11 
 
The most common measure of serial correlation is the Ljung-Box Q-Statistic.12  The p-values of 
the Q-statistic establish the significance of the serial correlation.13  The Bias Ratio compared to 
the serial correlation metric gives different results. 
 
Table III 

Name Annualized 
Average (geom)

Sharpe 
Ratio

Standard 
Deviation

Bias 
Ratio PVQ6

Hennessee H.F. Index CONVERTIBLE ARB. 10.24% 1.81 3.55% 3.73 0.00%

Sun Asia Opportunities Fund, LLC 7.86% 0.28 14.48% 1.67 0.02%

JASDAQ 5.21% 0.05 29.70% 0.84 0.11%

Bayou Funds 16.89% 1.21 10.77% 5.54 0.59%

Safe Harbor Fund LP 16.29% 3.03 4.11% 7.00 2.18%

Plank Global Value Fund, LP 15.46% 1.25 9.31% 2.00 4.72%

Sensex - Mumbai Sensex 30 Index 7.66% 0.15 26.02% 0.86 4.75%

Russell 2000 Value Index 13.20% 0.63 14.96% 1.75 5.25%

RUSSELL 2000 11.01% 0.37 19.54% 1.53 10.76%

CSFB High Yield Index Value 7.96% 0.67 6.16% 2.06 12.24%

S&P 500 Total Return 11.49% 0.51 15.16% 1.67 71.07%

NIKKEI 225 Yen Index -2.55% -0.32 19.62% 1.21 94.56%

Period: Jan 1995 - Nov 2005

 
                                                 
10 Weisman, Andrew, “Dangerous Attractions: Informationless Investing and Hedge Fund Performance 
Measurement Bias”, 2002, Journal of Portfolio Management. 
11 Lo, Andrew W.; “Risk Management For Hedge Funds: Introduction and Overview”, White Paper, June, 
2001. 
12 Ljung, G.M.; Box, G.E.P.; “On a measure of lack of fit in time series models”, Biometrika, 65, 2, pp. 297-
303. 1978. 
13Chan, Nicholas; Getmansky, Mila; Haas, Shane M.; Lo, Andrew; “Systemic Risk and Hedge Funds”, 
2005, NBER Draft, August 1, 2005.  
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Serial correlations appear in many cases that are likely not the result of willful manipulation but 
rather the result of stale prices and illiquid assets.  Both Sun Asia and Plank14 are emerging 
market hedge funds for which the author has full transparency and whose NAVs are based on 
objective prices.  However, both funds show significant serial correlation.  The presence of 
serial correlation in several market indices such as the JASDAQ and the SENSEX argues 
further that serial correlation might be too blunt a tool for uncovering manipulation.  However the 
two admitted frauds, namely Bayou, an Equity fund and Safe Harbor, an MBS fund (Table IV 
shows the critical Bias Ratio values for these strategies) are uniquely flagged by the Bias Ratio 
in this sample set with none of the problems of false positives suffered by the serial correlation 
metric. The Bias Ratio’s unremarkable values for market indices, adds further credence to its 
effectiveness in detecting fraud. 
 
IV. Benchmark Bias Ratios by Hedge Fund Strategies 

 
Hedge fund strategy indices cannot generate benchmark Bias Ratios because aggregated 
monthly returns mask individual manager behavior.  All else being equal, managers face the 
difficult pricing options outlined in the introductory remarks in non-synchronous periods, and 
their choices should average out in aggregate.  However, Bias Ratios can be calculated at the 
manager level and then aggregated to create useful benchmarks. 
 
Figure II15  

Bias Ratios by Strategy
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MBS
2 3  Funds

Distressed
3 2  Funds

Convertible
53  Funds

L/S Equity
13 3  Funds

CTA
4 6  Funds

 

                                                 
14 Real hedge funds with fictional names. 
15 The 287 funds used in this study were selected from Protégé Partners database of hedge funds based 
on having performance histories greater than 5 years as well as those with enough information to 
determine that they employ a single dominant (>75% concentration) asset class.    
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Variability of Bias Ratios for Different Strategies 

Strategies that employ illiquid assets can have Bias Ratios with an order of magnitude 
significantly higher than the Bias Ratios of indices representing the underlying asset class.  For 
example, most equity indices have Bias Ratios falling between 1.0 and 1.5.  In the sample of 
funds examined for this paper, equity hedge funds had Bias Ratios ranging from 0.3 to 3.0 with 
an average of 1.29 and standard deviation of 0.5.  On the other hand, the Lehman Aggregate 
MBS Index has a Bias Ratio of 2.16, while MBS hedge funds in the sample have Bias Ratios 
from a respectable 1.7 to an astounding 31.0, with an average of 7.7 and standard deviation of 
7.5.  Ceteris paribus, a high Bias Ratio for an equity based strategy might be unremarkable for 
an MBS strategy. 
 
Table IV 
 

Bias Ratio: Strategy Benchmarks
Sample Size Average Median 75th Percentile Max Min Stdev

MBS 23 7.7 4.0 9.3 31.0 1.7 7.5

Distressed 32 4.4 3.2 4.6 16.5 1.0 3.8

Convertible 53 3.3 2.7 4.4 10.0 0.6 2.1

Equity 133 1.3 1.2 1.6 3.0 0.3 0.5

CTA 46 1.0 1.0 1.2 1.9 0.6 0.3  
 
Uses of the Bias Ratio

Ideally, a Hedge Fund investor would examine the price of each individual underlying asset that 
comprises a manager’s portfolio.  With limited transparency, this ideal falls short in practice, 
furthermore, even with full transparency, time constraints prohibit the plausibility of this ideal, 
rendering the Bias Ratio more efficient to highlight problems.  The Bias Ratio can be used to 
differentiate among a universe of funds within a strategy.  If a fund has a Bias Ratio above the 
median level for the strategy, perhaps a closer look at the execution of its pricing policy is 
warranted; whereas, well below the median might warrant only a cursory inspection.   
 
The Bias Ratio is also useful to detect illiquid assets forensically.  The table above offers some 
useful benchmarks.  If a database search for Long/Short Equity managers reveals a fund with a 
reasonable history and a Bias Ratio greater than 2.5, detailed diligence will no doubt reveal 
some fixed income or highly illiquid equity investments in the portfolio. 
 
V. Conclusion 
 
The Bias Ratio gives a strong indication of the presence of a) illiquid assets in a portfolio 
combined with b) a subjective pricing policy.  Most of the valuation-related hedge fund debacles 
have exhibited high Bias Ratios.  However, the converse is not always true.  Often managers 
have legitimate reasons for subjective pricing, including restricted securities, Private 
Investments in Public Equities, and deeply distressed securities.  Therefore, it would be unwise 
to use the Bias Ratio as a stand alone due diligence tool.  In many cases, the author has found 
that the subjective policies causing high Bias Ratios also lead to “conservative” pricing that 
would receive higher grades on a “prudent man” test than would an un-biased policy.  
Nevertheless, the coincidence of historical blow-ups with high Bias Ratios encourages the 
diligent investor to use the tool as a warning flag to investigate the implementation of a 
manager’s pricing policies. 
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