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Executive Summary

This study identifies 80 fund of funds that were significantly invested in Amaranth in
September, 2006, utilizing direct or indirect, statistical methods. We find that such fund
of funds investing in Amaranth were typically:

1) larger than non-investors;

2) more exposed to difficult-to-manage risk factors such credit and market implied
volatility, and typical of large fund of funds that focus on ‘market neutral’ or
‘relative value’ strategies;

3) exhibiting higher sharpe ratios, and higher production of ‘alpha’ on a historical
risk-adjusted basis (“‘standardized alpha’) than non-investors.

These characteristics of fund of funds--large, ‘low’ market exposure, high sharpe ratio—
are typically characteristics that investors are advised to seek out when investing in fund
of funds. That such fund of funds should be more likely to have been Amaranth investors,
despite due diligence and other processes that fund of funds hold forth as reducing the
likelihood exposure to massive risk taking such as was undertaken by Amaranth, should
raise questions about these investing bromides.

As a result of their exposure to Amaranth, fund of funds with significant investments in
Amaranth:

1) Gave up an estimated median of 4% in September, 2006, reflecting a
corresponding median allocation of 6% of fund assets to Amaranth;

2) Lost an average of 19.2M dollars; and,

3) Gave up an estimated median of 2.1 and an average of 5.7 years of their total
alpha production.

A quantitative model that attempts to predict allocations to Amaranth based on
quantitative risk and exposure characteristics suggests that while certain exposure
characteristics, as given above, are associated with investments in Amaranth,
nevertheless among all funds that exhibit a subset of such characteristics, it is difficult to
explain quantitatively the choice to invest based on portfolio or risk considerations. This
suggests that the important determinant in the choice to invest was some explanator
uncorrelated with portfolio or risk considerations, such as the quality, or lack thereof, of
the due diligence process.

Investors in fund of funds should consider this a lesson in the importance of evaluating
the overall investment processes of such fund of funds, and accordingly evaluate whether
the value of all services provided by candidate fund of funds match or exceeds the value
of expected fees.



Introduction

Throughout the last half of the month of September, investors and other participants in
the hedge fund industry watched as Amaranth Advisors’ Multi-Strategy Funds suffered
extraordinary losses of approximately 65% of capital on bad bets on natural gas and other
assets. With such losses has come the unsurprising round of recriminations about how
investors should have anticipated such risks, especially given readily available
information about the volatility and changing nature of investments by the Amaranth
Multi-Strategy Funds.

While there are many reasons to believe that such risks were evident to potential direct
investors in Amaranth, a substantial amount of investment in Amaranth was made via
hedge fund of funds—specifically, we have identified fund of funds compromising
approximately 26% of the total investment in its funds. Investors in fund of hedge funds
invest in such funds in part because such funds hold themselves out as capable, through
due diligence or other monitoring mechanisms, of avoiding such blow-ups. Nevertheless,
investors themselves must choose the fund of funds through which they invest. The
obvious question arises — were there any common characteristics to the fund of funds
with substantial investments in Amaranth that could serve as warning signals to investors
regarding current or future investment strategies pursued by such funds of funds?

Methodology—Identifying Investors in Amaranth

Using a proprietary database of fund of funds, we select those fund of funds with
estimated management company AUM of greater than USD100M, a two year track
record, and a loss in September 2006 of more than (2.6 standard deviations + one month
Ret on 3M Libor), with standard deviations estimated from the most recent 2 years worth
of data prior to September, 2006. From the 1108 funds meeting AUM and track record
constraints with complete and up to date information, we identify 80 funds that meet this
loss criteria, or have been reported in the press or elsewhere as having been Amaranth
investors.' Based on our estimates, we have captured fund of funds with losses 1.5B
dollars on 2.4B of the estimated 10B in Amaranth assets. Our universe of fund of funds
with all necessary data for this study has an estimated AUM of 296B, with approximately
44B, or 15%, of assets in fund of funds identified as Amaranth investors. While we

! Using the 2.6 stdev criteria, we would expect, under the assumption of normality, that approximately 5
funds would be incorrectly identified as having an Amaranth investment. More specifically, we have 1108
funds to be classified. The probability of misclassifying any individual fund, assuming an expected fund
return of 3M Libor, is equal to 1 — @ ( 2.6) where ®() represents the standard cumulative Normal
distribution. The total number of misclassifications is therefore binomially distributed with trial success
probability equal to the misclassification probability of an individual fund.

Of course, our criteria does not capture fund of funds with very small, but positive, relative allocations to
Amaranth. We assume that such small allocations were by design, and, by imputation, represented a better
appreciation of the risk associated with making such an investment.

In general our statistical approach identifies funds that have been identified in the press. However, we do
not include all funds that have been identified in the press, as we may either lack September returns or
some other necessary information to conduct our analysis.



believe that this is a significant underestimate of the total dollars invested by FOF in
Amaranth, and FOF more generally, we have no reason to believe that our undercounting
is biased towards or against specific fund of fund characteristics.’

We can see that the bulk of losses due to Amaranth were, on a dollar basis, relatively
small, though there were a small number of large losses:

Estimated Distribution of Dollar Losses (millions USD)
for Fund of Funds Investing In Amaranth
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Figure 1a: Distribution of Dollar Losses to Amaranth

? One estimate available in the press is that fund of funds contributed up to 60% of Amaranth assets. “All
talk, no action so far for Amaranth investors,” Pensions and Investments, October 2, 2006.



Distribution of Losses (Percent) to Amaranth FOF Investors
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Figure 1b: Distribution of Percent Losses to FOF’s due to Amaranth

This distribution of losses reflects both the distribution of Amaranth investors among
large and small funds as well as the varying proportion of the fund allocated to Amaranth
by each manager.

Comparing losses purely on a return basis, we see that the typical fund lost approximately
4%, meaning an average allocation to Amaranth of approximately 6%:



Distribution of Returns for Fund of Funds in Sept 2006
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Figure 2: Density of Sept 2006 Returns: Amaranth vs. Non-Amaranth

Additionally, we can estimate the cost to investors of having invested in a fund of funds
that invested in Amaranth in terms of the amount of alpha the fund of funds gave back by
the loss. To that end, we estimate the alpha of each fund of fund versus Russell 2000,
Lehman Government, Lehman Corporate High Yield, and the VIX, and compare it with
the corresponding multifactor forecast of Sept 2006 returns. On average, the fund of
funds investing in Amaranth lost 5.7 years worth of their alpha in the month of
September, with the median fund of fund losing 2.1 years of alpha. This suggests that
losses such as those associated with Amaranth represent a significant factor for
consideration of the investor in fund of funds.

In general, it is also worth noting that fund of funds investing in Amaranth tended to be
larger than non-Investors, with the median fund sizes for non-investing fund of funds
being $82M vs. $260M for investing fund of funds; reflecting the skewed distribution in
FOF AUM:s, it is not surprising that the corresponding average numbers are much larger,
at $245M vs. $546M.



Estimated Distribution of Years of Lost Alpha to Amaranth FOF Investors
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Figure 3: Distribution of Estimated Years of FOF Alpha Lost Due to Amaranth Investments
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Figure 4: Distribution of Fund of Fund Assets Under Management (AUM)

Characteristics of Amaranth Investors



We can investigate the characteristics of fund of funds in our universe that turned out to
be Amaranth investors and compare them to those that don’t. Our basic technique is to
estimate quantitative statistics of each fund of funds during the 2 years (9/04-8/06)
preceding the blowup. We estimate: 1) average fund of fund return; 2) standard deviation
of fund of fund returns; 3) sharpe ratio (vs. 3 month Libor); the alpha and beta
coefficients from a multifactor regression of excess fund of fund returns on four factors
4) Russell 2000; 5) Leh US Gov; 6) Excess Return of Lehman HY Corp to Leh US Gov;
7) VIX; 8) Alpha; 9) R2 of that multifactor regression; 10) log of Assets under
Management; 11) Rank of fund of fund alpha (in quartiles:0,1,2, and 3) versus others in
universe, with 0 being the best; and 12) Standardized Alpha = alpha/standard deviation of
corresponding fund of fund returns. Note, generally, unless otherwise indicated, that
whenever we used variables that are ranks, 0 represents the ‘best’.






We can see from the data, that Amaranth investors tended to come from higher sharpe
ratio, lower volatility funds, as would be typical of a fund of funds specializing in relative
value funds. Amaranth investors also tend to be more negatively exposed to credit risk, as
proxied by fund beta versus the return differential between Lehman Corp HY and Leh
Government. Overall, Amaranth investors tended to be generating /ess alpha in the time
period leading up to the blowup, but this largely a function of the fact that Amaranth
investors tended to have lower overall volatility. If we look at amount of alpha generated
per unit of fund volatility (“standardized alpha” or STDALPHA), we see that Amaranth
investors were generating more alpha per unit of realized risk. We also see, that on
average, Amaranth investors were larger than non-investors. From this simple analysis,
we see that reliance on the simple nostrums of investing with the largest, historically
most efficient producers of alpha, may lead to substantially negative outcomes.”

Quantitative Prediction of Due Diligence and Risk Management Failures

The obvious question arises: given the average differences between Amaranth and non-
Amaranth investors, is it possible to be more specific and identify which characteristics
are most helpful in identifying fund of funds that were more likely to have been invested
in Amaranth, or the converse--identifying characteristics that make it less likely that a
FOF will have been invested in Amaranth?

To answer this question we formulate a probit model:
Pr(Y =1) = ®(fx)

Where: 1) Y=1 represents that the FOF had an investment in Amaranth; 2) 3 is a vector
of coefficients to be estimated; 3) x is an array of ones (to estimate a constant) and
characteristics, such as Sharpe, log(AUM), etc. and 4) @( ) is the cumulative normal
distribution. Note that, because the dependent variable is a nonlinear function of B’x, we
cannot interpret these beta’s as the usual marginal effects of a linear regression. Instead,
we estimate marginal effects as OE[Y|x]/0x, evaluated at the mean of x.

For the full model we have the following results:

3 This phenomenon is related to the problem of ‘pseudo-alpha’ that the author has explored in other papers
and presentations. The term, which we find quite apt, was coined by Nassim Taleb.
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We can see from the model that most factors are significant, except sensitivity of the fund
of funds to changes in the value of US government bonds. We see that the higher the fund
of funds’ sharpe ratio and the larger its AUM, the more likely was exposure to Amaranth.
Similarly, the larger the fund of funds exposure to credit, or the shorter it was of implied
volatility, the more likely it was to hold Amaranth. The regression also indicates that the
lower the fund of fund’s alpha, the more likely exposure to Amaranth. However, we shall
see that the story around fund of fund alpha is far more subtle.

We can look at the raw results of the models’ predictions in order to get a better sense of
the effectivity of the model. We see that the model is extremely good at predicting which
fund of funds should not have exposure to Amaranth—having an accuracy of 92%.
However, we see that the model does not do such a good job of predicting which funds
do have exposure.
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Essentially, what this implies is that fund of funds investing in Amaranth have a set of
characteristics that are unlike most other fund of funds, but that there are also other fund
of funds that did not invest in Amaranth which are similar to those that did, and the
model can’t simultaneously discriminate between those that very different and those that
are very similar. We can evaluate this more directly by attempting to sort the universe of
fund of funds in such a manner as to gather as many of those fund of funds that are like
those that invested in Amaranth, and then estimating a prediction model only on those
similar funds.

To implement this, we sort funds of funds by the amount of standardized alpha that they
delivered over the two years prior to September, 2006.

We can see that fund of funds that invested in Amaranth are most likely to associated
with fund of funds in the 2™ quartile of standardized alpha. We can therefore estimate our



probit model on the subset of fund of funds in that second quartile. The results are not
particularly encouraging:

Prediction Results

We see that only 33% of the fund of funds that invested in Amaranth are correctly
identified by the model.

Thus we can see that it is difficult to fully discriminate between those fund of funds that
were uniquely invested in Amaranth and those that were not, suggesting that factors
uncorrelated with risk and portfolio characteristics were significant determinants in the



decision to invest in Amaranth. These uncorrelated factors might be the quality of due
diligence process, the nature of a particular fund of fund’s capacity constraints, etc.

Furthermore, this does not mean that investors in fund of funds should not be concerned
about other potential, but unrealized, sources of extreme loss (e.g. credit) in other fund of
funds that had similar profiles as those that were invested in Amaranth. As a generality,
many of these fund of funds exhibit the investment strategy, intentional or not, of
investing in risk exposures that are generally expected to generate modest positive
returns, but at the risk of infrequent, but substantial negative returns.

Conclusion

Using imputed identification of fund of funds that were invested in Amaranth, we
quantify the substantial loss to investors in such fund of funds. It is clear that such losses
represent a substantial multiple of the ostensible value-added of such fund of funds. We
see that such fund of funds that were most likely to invest in Amaranth were large, low
volatility, high historic sharpe ratio, high credit risk funds, generating high alpha per unit
of realized volatility (“standardized alpha”). However, not all such funds with these
characteristics were Amaranth investors, and our quantitative model fails to accurately
identify which funds of funds with these characteristics are those that ultimately were
Amaranth investors, suggesting that the key determinant in the Amaranth investment
decision is a factor uncorrelated with portfolio or risk characteristics, such as (quality of)
due diligence or need to park large quantities of FOF aum. Thus, while the model can
help us identify those fund of fund characteristics that are unlikely to be associated with
investments in funds like Amaranth, it also suggests that qualitative due diligence on fund
of funds is no less important in discriminating between those funds of funds with high
risk characteristics that ultimately are exposed to blow-up risk from those that are
actually delivering alpha and less exposed to such blow-up risk.
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