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This quarter’s SOPA PIRANHA is the promised follow up on risk management specific to 
commodities. Commodities as an asset have the highest volatility, the largest left tail risk, 
inherent leverage, and the highest time varying correlation risk making them the Black Sheep 
of the Black Swan family. We examine these four topics in some depth. Everyone is now 
invested in commodities of some type, mostly gold, making this a current concern.   

1

RISK MANAGEMENT
THEORY AND PRACTICE

 

Practical applications of critical theoretical risks are the focus of SOPA #19. Four 
recommendations for risk management are the outcome of the blending of theory and practice. 
This blending, if done properly, can turn risks like Black Swans into an opportunity.  
Black Sheep can be converted in commodities to black P & L opportunities.  

Section One- Commodities Risk 101, 401, 801: Blending of theory and practice requires a 
framework to avoid being overwhelmed in data and formulas. We divide risk management into 
a nine box matrix that includes risk measuring, risk monitoring and risk management. We 
further divide the difficulty into the academic paradigm of risk 101, risk 401, and risk 801. This 
helps categorize our challenges and forces us to recognize that we need to be doing 
something about each of nine boxes. Our four topics; volatility, tail risk, leverage, and 
correlation can be dealt with in the matrix in every box, but after a brief introduction below, we 
will focus on only the most important practices and latest theories. 
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I. Risk 101 is position level risk. It involves knowing the various types of risk in the 
positions you have already. The key elements are basic position capture (measuring) 
with attending limits comparison (monitoring), VaR or Value at Risk, and historical 
stress testing. What is important- is to note VaR dependence on the assumption of a 
Normal statistical distribution, known as Gaussian. VaR can be summarized by saying it 
measures the 95% of the time when nothing much is happening. We want to focus 
on the time when a lot is happening. It is well documented in the academic literature 
that excess returns are the result of being properly invested during extreme price 
moves. Thus standard VaR is more about risk consolidation across the portfolio than 
risk management at critical times or risk budgeting in advance. CVaR, the cousin of 
VaR, measures the outlier times separately and attempts to give maximum drawdown at 
risk. It also can understate risk and so is a focus of the left tail discussion. 

Basic stress tests should be performed on your positions to see how much money 
they could have lost historically. Very few risk problems actually come from getting this 
measuring process wrong. They come from a lack of stops in the actual 
management of the risk. Commodities have large left tails that go with their persistent 
price nature and require the use of stop losses to mitigate extreme losses.  

Last, risk 101 involves accurate measurement of the positions you have with attending 
sector or category breakdowns. These are then compared to the desired positions or 
limits in an exception report as part of risk monitoring. Too few funds have good 
exception reporting.   

II. Risk 401 is portfolio level risk. It involves knowing the relationships of the various 
types of risk among the assets in your portfolio. When building a portfolio, the 
covariance of the factors needs to be considered. Things get slightly more 
complicated when a portfolio increases from 2 to a large number of instruments. The 
covariance matrix is required to be built with some understanding of linear algebra, and 
an eye toward detail of the inputs and filtering of data. With implied correlations now at 
very high levels in the market, too little attention is being paid to the sad fact that many 
portfolios have no diversification at all. Below in our correlation work we tackle some 
ways of dealing with this in commodities.  

If we look at the risk problem from the perspective of trying to understand a portfolio 
from the 30,000 foot view, we can gain a quick understanding of the full covariance 
parameter space by looking at a heatmap of all the would-be factors that explain the 
fund we are studying. These heat maps were covered in detail in our SOPA # 7. 

III. Risk 801 attempts to understand risks that are not explicit such as implied option 
shorts. These unknown risks are a main focus of this SOPA. We borrow the notion of 
portfolio replication in order to identify hidden risks where basic asset level positions 
are known. We also want to tackle the problem of working with a hedge fund which can 
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be opaque with respect to its investments. Replication illuminates these investments 
and can be enhanced with more data. Once the longer term risk is identified, we can 
characterize the event tail loss and develop strategies to hedge, all with some relatively 
high level of confidence. As we dive into 801 level risks, we also look to cutting edge 
models to forecast the next commodity bubble pop.  

We have now covered the basic framework and what might take an entire set of books to 
describe in detail. It lends a hand toward isolating those risks that are most important for 
commodities and for making opportunities in Black Sheep into Black P and L’s. 

 
Section Two: Risks Unique to Commodities: If we have learned anything from the financial 
crisis, it is that we need to confront the things that apparently cannot happen. This is 
anchored in our view that we have entered a paradigm shift where frequent surprises will 
cause extreme price moves in commodities. Our challenge is to understand these in advance 
and then blend our theory and practice to make them into profits.  
 

I. The first problem in commodities to tackle is the absolute high level of volatility with 
the companion problem, extreme non normal distribution. The real life 100 year 
commodity returns below clearly are volatile and not smooth or narrow tailed. The 
sample is representative of all single-commodity returns.  
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How do we make a distribution conform to a Normal Gaussian? We measure the 
standard deviation (σ) of returns (r) from the data, then we presume it follows a 
Gaussian, N*exp(-(r-r0)^2/(2σ^2)). The parameter N enforces the correct number of 
observed returns. Forcing conformity to the Normal distribution is done subsequently 
with a standard sorting and redistribution algorithm. We have now forced volatility 
outliers in the pile-up and fat parts of the tails of real life return streams to be squished. 
The sort order is preserved, but the information is lost. VaR demands it. The next 
Expected Tail Loss/Gain step with VaR is to ask the question, what is the mean of the 
worst/best 5% of losses in that normal distribution? There’s a tidy closed-form 
mathematical answer, which perhaps is the appeal. Inevitably, VaR will lead us to a loss 
(or gain) number which is smaller than if we were not to have forced our distribution to 
conform to a Gaussian. In commodities, the errors are extreme. 

 

 

Figure 2 UBSAG commodity index: daily returns. 

Above is a histogram of the annual returns on UBSAG since inception in 1991. We have 
now moved from data on the individual metals to a commodity index where the risk-
mollifying nature of an aggregate of commodities and the copious data smooth out 
some of the features. The return in Figure 2 has fat tails, though perhaps they are not 
so evident.  A tool called the QQ plot provides an immediate check on the conformity of 
any data distribution to the one hypothesized. We make this plot in Figure 3 below to 
test the UBSAG against a normal return. The divergence of the points from the 
straight line indicates that the data is fat-tailed and non-Normal. This is how one 
quantifies in one tidy plot the actual shifts in commodities versus expectations. 
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Figure 3 This QQ plot demonstrates the non-Normality of the UBSAG returns. The departure of the 
curve from the line is a red flag for non-Normality.  

There is also a solution, or at least a work-around, to insisting upon a Normal 
distribution. Conditional Value at Risk (CVaR) deals with this straightforwardly (usually 
only for the left side of the distribution). We merely work from the leftmost data point and 
move to the right until we have included 5% of the entries in the histogram and then 
average those returns. This is the mean of the worst 5% outcomes. The full force of the 
bad returns in the data set will be exposed with this method, including returns in the 
pile-up bin. Since these bad left tail outcomes tend to follow the best 5% high return 
outcomes, a good system will focus on understanding both left and right tails.  
 
How does one fit the UBSAG real distribution? When data is sparse, as when return 
streams are short-history, we need to go beyond the data to extrapolations. The 
Student-t or a Cauchy or a Pareto or two Gaussians or some combination will likely fit 
Figure 2’s histogram nicely. We produce a fit here to two Gaussians and a Cauchy 
distribution. It’s evident that the double Gaussian or Cauchy capture the fat tails and will 
not lead to a mischaracterization of loss probability for this data set.  
 
These simple adjustments are not small as shown in the table on the next page. The 
distribution is off by 80-100% in price change and off by a factor of thousands in the 
frequency. A practice room rule of thumb in the volatile commodity complex is to use the 
worst case scenario.  This simple change, the first of our four recommendations, leads 
to an accurate assessment of where risk stops or buy/sell prices are to be placed. 
Thus surprises are met with plans and black sheep become opportunities.  
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Figure 4: UBSAG fit by 2-Gaussians (side by side in separate widths) and a Cauchy (builds fatter tails). 
The 2-Gaussians and Cauchy do better in the "shoulders" and are far more pessimistic about tail loss. 

Distribution 5% VaR 5% VaR 
Mean 
Loss 

5% 
CVaR

5% CVaR 
Mean Loss 

-3% or 
worse Loss 

Rate 

Mean Loss 
below -3%  

Data   -1.6% -2.4% 0.9% -4.1% 

Normal -1.35% -1.75%   0.01% -3.2% 

Two Gaussian     4.1% -5.0% 

Cauchy     2.1% -3.7% 

Table 1: Frequency of >-3% returns, with 5% VaR and CVaR. Note that though the data says we lose 4.1% 
0.9% of the time, a Normal distribution has us happily only losing 3.2% when that rare tsunami hits 0.01% 
of days. A Two-Gaussian says we should brace 4.1% of the time for mean losses of 5.0%.  

II. Next we move to expanding the data set in order to shift our focus entirely to the 
long term accuracy of left tail exposure, the second of the black sheep. We blend 
our theory and practice to recognize our potentially short or infrequent set of data and 
we reproduce a fund’s returns with a particular set of factors such as interest rates or 
S&P beta. Factor replication was covered in SOPA #13. Essentially a set of returns is 
repeatedly correlated to a set of factors to find the factors that work.  If the R2 (the 
goodness of the fit) is high enough, it can be said we have replicated the fund. If the 
replication has been performed with monthly data, we can now go to daily data because 
we have daily data on the factors. We can also imagine bootstrapping the data: 
randomly collecting samples of monthly/daily returns, and taking those to be alternative 
histories. In this way we generate new distributions of how the fund or positions could 
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perform. From these new distributions we can again calculate CVaR giving us a much 
more accurate picture of what could have happened. 

In addition, we can add 20 or 50 years to the analysis since we have many factors with 
long histories. Long and accurate data sets can again double the draw down risk and 
dramatically increase the frequency. The types of factors used are important. Options 
factors are often left out. It may be that we discover manager exposure that is 
effectively short equity Puts. Short Puts, with higher statistics, can suddenly go into 
the money in a way that wasn’t evident in the sparser, monthly, real return data set or 
the shorter timeframe. This short put is common in hedge funds that take credit risk, 
which is most of them.   

In section three, we return to replication in the advanced 801 format. For many funds, 
however a simple replication is enough replication. If the model is not being used to 
manage money but rather is for risk management purposes, a pretty good model goes a 
long way to showing real left tails. This will allow for a proper set of limits to be 
established, our second recommendation. It can allow a manager to be buying in 
extreme left tails rather than having to reduce risk in a poor environment. 

III. Leverage is the third of our Black Sheep that needs a blend of theory and practice. 
There is a relationship between left tails and leverage. In a breakthrough piece of 
research, my friends at the Santa Fe Institute have produced a model that provides a 
proof of the impacts of leverage in creating left tails. It is aptly named: “Leverage 
Causes Fat Tails and Clustered Volatility”. The authors, Thurner, Farmer, and 
Geanakoplos have taken the model further in later papers showing a leverage cycle and 
its impacts. This has been presented to among others, the central bankers, who have 
been implored to begin to measure real leverage in the system. No, they are not 
measuring it now. This matters for commodity people because commodities have 
always been a leveraged market. Nearly all speculation is done through futures or 
derivatives that are executed on margin (leverage). Commodity futures (leveraged) 
have been around for 150 years. Commercial firms borrow against their inventories 
always. The issue is only how much leverage and when it will have an impact.  

The paper described is important to our risk management analysis of commodities and 
so I summarize it here. The authors develop a model of one asset with one price p(t). 
There are noise traders who trade in expectation of a mean-reverting random walk. The 
price p(t) so far is just a stochastic one with a certain rational value V and standard dev 
σ. Then they introduce M~10 funds. Nobody shorts anything. Only N total shares are 
available, so the price now is set by the sum of demand of the Noise Traders and the 
Funds equaling N. The funds may borrow and lever up. They hold their money in 
the asset and cash. Cash can go negative when they borrow to lever up. They pile 
into the asset in varying levels of aggressiveness β in proportion to the mispricing m=V-
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p(t), where V again is the perceived true value. If the price drops to the point where 
margin-calls are required the fund will de-lever to meet the call. This means the fund 
sells as the price drops, which, through the demand/price constraint, drops p(t), causing 
more selling due to more margin calls. Simultaneously, money flows into or out of the 
fund in proportion to recent performance as it exceeds a bench mark return rb. Defaults 
occur when fund wealth goes to 0. The fund is allowed back in the ensemble after some 
number of time intervals. Despite having no dynamics of shorting or of correlations 
among funds or, say, transaction cost losses built in, this model contains a richness 
that leads to many interesting results.  

Namely, fat tails in returns arise naturally. Negative Skew results naturally. Both 
are worse when large leverage for the funds is allowed. The highest β (most aggressive 
in response to mispricing) funds crash most frequently and most thunderously. 
Moderate β funds can be stable for longer periods and with lower vol. A higher 
benchmark rb to limit the attraction of capital to funds limits price formation to the 
noise-traders and hence give a rational mkt. There is a natural, evolutionary drive for a 
fund toward larger leverage, as such funds get better returns than unlevered funds and 
attract more capital. Larger allowed leverage creates auto-correlation in the daily 
price. Funds that are highly levered which must meet margin calls begin selling even in 
the presence of a large mis-pricing, and thus their wealth evaporates quickly. (They’re 
selling aggressively on the way down.) For quite large mis-pricing this behavior exists 
even for lower-levered funds. Volatility is amplified during de-levering. Generally, 
volatility goes up with average leverage taken by the 10 funds. 

From a policy perspective, the authors also show that it’s a bad idea to enforce 
decreases in leverage all at once. This is because as everyone de-levers, prices are 
driven way down all at once. Perhaps surprisingly, a fixed maximum leverage, 
unrelated to recent volatility, gives a more stable market: higher average price, lower 
average volatility, and fewer defaults. While this may all seem obvious in the aftermath 
of 2008, these critical concepts need to be integrated into your portfolio, not to mention 
the Risk Management going on in the Federal Reserve.  

To manage this leverage risk, a commodity manager must use fixed maximum leverage 
that considers his own asset pool liquidity and that of the market place. The amount of 
leverage that can be used is as much a function of how much leverage the 
marketplace is using as it is of his portfolio and redemption or trade liquidity. 
This is our third recommendation. The focus on liquidity both prevents being sold out 
by the collateral provider and creates the opportunity to be buying the collateral seized 
by others.  
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IV. Turning now to the fourth Black Sheep issue, we address correlation: In our matrix it is 
a 401-level complication to fully consider the nature of our portfolio component 
correlations. Commodities are not correlated in long term studies. However when they 
begin to correlate, as they have now, they continue to correlate. Their correlation is 
also high now to other asset classes. Again this was covered in SOPA #7.  

It is prudent to understand our Input Level correlations when setting out to build a 
replicating factor model. Large, positive correlations indicate factors that give redundant 
information. Perhaps this is unsurprising. But in order to avoid data-burning and over-
fitting, such observations need to be made. Portfolio Level Correlations can be aided 
by the Principal Components Analysis (PCA) that follows. PCAs can be brought to bear 
on multivariate problems in which portfolio correlations are large in magnitude. Gaining 
some understanding of those correlations, which are not always apparent at first 
glance, is invaluable. We are now in the 801-level part of the matrix. 

We also worry about Time-varying Correlation. In the chickens/goats/sheep exercise 
below we will assume time stationary correlations. We are not always so lucky. We 
show the running, lagged 20-year correlation of silver correlated against aluminum in 
Figure 5. In contrast to the assumptions in the coming PCA study, individual 
commodities show radical breaks over time. Note the rather wild change going from 
negative correlations to positive.  

 

Figure 5 Silver correlated against Aluminum, trailing 20 years. 

 
© 2011 SOPA PIRANHA Market Commentary, Wolf Asset Management International. All Rights Reserved.



10 

 

 
In their paper “Broad Market Risk for Sector Fund of Funds: A Copula-Based 
Dependence Approach,” by Stein, Rachev, Stoyanov and Fabozzi, available at 
https://statistik.ets.kit.edu/download/10_03_19_BroadMarketRisk_for_submission.pdf , 
the authors attempt to go beyond the functions we suggested above. Those functions 
are symmetric distributions and one would really like to be able to fit the potentially 
asymmetric downside tail. The authors of “Broad Market Risk …” want to, further, 
consider the potential interdependence of risk factors and fit (and generate for Monte 
Carlo risk work) those distributions. They employ a 2d Pareto distribution which contains 
fat tails and may contain non-zero skew (asymmetry). The Pareto 2d distribution comes 
with 4 free parameters (to be contrasted with the 2 free parameters of a 1d Gaussian) in 
each dimension. The copula approach these authors urge follows generally in the spirit 
of recommending that a risk manager consider his/her correlations carefully. The 
work leads to different hedging and diversification or concentration conclusions. These 
lead to better decisions that help put a commodity fund manager ahead of the curve 
when Black P & L opportunities knock. The bulk of the remainder of this SOPA is 
dedicated to these subjects. 

 

Section Three: We turn now to the expanded 801 level in correlation attempting to 
predict price/volatility, to deduce tail event probabilities and factor exposures, to re-
sample, and then to stress the portfolio using PCA. At the end of this section, we add some 
recent research on predictive models.  

I. We begin with correlation and our PCA analysis showing how to deduce the correct 
hedge for a portfolio of highly correlated, if somewhat fictional, commodity futures. We 
model a portfolio of commodity futures: sheep, goats, and chickens.  We may buy or sell 
futures contracts in the front month and the second and third month of each. Thus, there 
are nine instruments in which to invest. For simplicity we take one contract 
denominated as one animal, and fractional contracts are allowed. Futures all cost the 
same roughly, so no contango or backwardation dynamics are illustrated here.  

We presume that the contract prices in the animals are all highly positively correlated. 
We have in mind energy commodities as a real life reference point. We thus fake-
up price time series data for each of the nine futures, dialing in large correlations. We 
impose a simple random walk in prices and a volatility jump and drift at a particular 
point in the series. And let’s admit to this feature/bug at the outset: there are no auto-
correlations and just the one random jump put in.  Also, clearly, from a glance at the 
time series of price, as long as one is net long over the period of this data one can 
expect good performance: all things which we will observe later in this study.  
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The purpose of this PCA study is to see the dominant modes of the system. We want 
to discover to which combination of contracts we’re most exposed. It’s a pure in-sample 
study. The exercise is meant to cast light on how PCAs are used in real life risk 
management and how they can show exposures which might not be guessed at from a 
cursory glance at one’s portfolio, 801-level stuff. Figure 6 shows the front month chicken 
prices. Table 2 shows the correlations in the 9x9 space of instruments.  One can 
imagine from the high correlations that the price time series all sit on top of each other 
so we don’t show them all in Figure 2 for the sake of de-cluttering.  

 

Figure 6: Front month Sheep future Price in USD --- FAKE DATA.  

 

Table 2: Correlations of the 9 futures the correlation of front month sheep to 3rd month chicken is 35.53%, and that’s 
one of the lowest.   

1.0000    0.5691    0.4815    0.4697    0.4844    0.4124    0.5304    0.4685    0.3553 
0.5691    1.0000    0.5784    0.4913    0.5191    0.5483    0.4359    0.4865    0.5529 
0.4815    0.5784    1.0000    0.4185    0.5468    0.5416    0.3186    0.5461    0.5614 
0.4697    0.4913    0.4185    1.0000    0.5373    0.4329    0.4363    0.3515    0.4110 
0.4844    0.5191    0.5468    0.5373    1.0000    0.5798    0.3003    0.4529    0.3491 
0.4124    0.5483    0.5416    0.4329    0.5798    1.0000    0.3666    0.3617    0.4762 
0.5304    0.4359    0.3186    0.4363    0.3003    0.3666    1.0000    0.5265    0.4533 
0.4685    0.4865    0.5461    0.3515    0.4529    0.3617    0.5265    1.0000    0.6042 
0.3553    0.5529    0.5614    0.4110    0.3491    0.4762    0.4533    0.6042    1.0000 

 
We pick a random portfolio and leave it unchanged over the course of the time series. 
There is no rebalancing. Our positions look like this (in units of contracts):  

Sheep                        Pigs               Chickens 

Position = [-500 200 400 -400 200 350 -400 300 400] 
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We are short the front month and long the 2nd and 3rd months in all three animals. We 
are net long in each animal. The net face is 550 contracts.  

 

Figure 7: PL from our randomly-chosen portfolio of chickens, sheep, and goats futures. 

PCA can be thought of as a cloud of factors shaped like a football (American version).  
Consider just two factors first, x and y, represented by a cloud of points in the x-y plane. 
There is a discernible slight tilt to the cloud (flat football). There is a natural coordinate 
system in which the primary axis runs along the ellipse (middle end to end) of the cloud 
and the secondary axis is perpendicular (orthogonal) to this first. Now, extend the 
analogy to a cloud in 3-dimensions (full football). Again the primary axis runs along the 
length of the ellipse cloud (a line through the ends), the secondary axis points in the 
next most bulging direction (side seams), and the third axis points in the most 
oblate direction (widest point) of the squished ellipse. These are the natural 
coordinates, or the principle components in which to describe the squished football.  In 
the parlance, these coordinates diagonalize the moment of inertia matrix: they are the 
natural coordinates around which to perform rotations of the body/cloud. Similarly, in N 
dimensions (N>3) a rotation to the N principle components can be performed. These 
are the eigenvectors, each ranked in order of importance by the eigenvalues of the 
system. Then, despite starting with noisy financial data, we use only some of our N 
dimensions, and understand the dominant eigenvectors and the variance they 
explain. 

So, we stampede forward and do a PCA of our 9 instruments over the 2700-ish time 
stamps of fake daily data. First we show the eigenvalues of the 9 modes. We see from 
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this that the first component is far and away the biggest, explaining 30.94% of the 
variance of the returns. 

Eigenvalues = 
    0.3094 
    0.0613 
    0.0539 
    0.0407 
    0.0368 
    0.0331 
    0.0217 
    0.0170 
    0.0154 
 

We cumulative sum up the eigenvalues, and we see that by the sixth component we’ve 
explained 90.65% of our data.  

 
cumsum(LATENT)/sum(LATENT); 
 
ans = 
    0.5103 
    0.6324 
    0.7160 
    0.7915 
    0.8533 
    0.9065 
    0.9415 
    0.9739 
    1.0000 
     

We stop with 6 and are content with explaining most of the moves. We see that our 
intuition on how the returns slosh around in concert begins to elude us. 

 
Below are the Principle Components, or modes, themselves.  We lop off the last three 
columns, per the above comment. (This is akin to the squished American football 
analogy where the squishing is very severe in one dimension. We ignore the distances 
along the most squished direction: it’s basically a 2d ellipse.) Each column below is a 
mode. The sum of the squares of the numbers in a column adds to one, as with any 
ortho normal coordinate system. 

 
 

Eigenvalues (%) 
   30.94 6.13   5.39    4.07 3.68  3.31     2.17 1.70  1.54 
PC = 
 
    0.370   -0.1291    0.3547   -0.6833    0.0934   -0.2711    0.2914   -0.2748   -0.105 
    0.351    0.0645   -0.1120   -0.1179    0.5184   -0.1681   -0.7177    0.1182    0.140 
    0.295    0.1312   -0.3487   -0.0717    0.0734   -0.1832    0.4461    0.7275    0.040 
    0.360    0.2677    0.5436    0.5847   -0.0369   -0.3387    0.1030   -0.0313    0.181 
    0.364    0.5291   -0.0231   -0.1542   -0.5214    0.2701   -0.2564    0.0297   -0.389 
    0.288    0.2651   -0.1586    0.0251    0.3212    0.6043    0.3002   -0.3245    0.396 
    0.332   -0.6123    0.3387    0.1176   -0.0353    0.5049   -0.0760    0.3332   -0.114 
    0.339   -0.3590   -0.3938    0.0314   -0.5349   -0.2010   -0.0949   -0.2228    0.463 
    0.284   -0.1905   -0.3861    0.3647    0.2311   -0.1281    0.1402   -0.3369   -0.630 
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Looking down the columns, the dominant mode, which explains 30.94% of the 
variance is one in which all 9 contracts move up together. The second mode, 
explaining 6.13% of the variance, is one in which goats move up as a whole, and 
chickens move down and sheep just hang around. The third most dominant mode 
which explains 5.39% of the variance is one in which the front-month contracts 
for each animal move up considerably and the further out futures in each animal 
move down.  Looking at the returns and at the correlation matrix this is not easily 
discernible, at least, not beyond the first mode. The PCA serves to find these modes. 
It’s worth emphasizing that, so far, our PCA knows nothing about our chosen positions. 
Still it is essentially giving us information about the futures market curve risk.  It is also 
giving us different information than basic factor analysis.  

 
Now we consider our particular exposure, as determined by our chicken/sheep/goat 
positions, to the dominant 6 principle components of the system. We do this simply by 
taking the matrix product. C = positions * PC(:,1:6). Each C in turn is multiplied by its 
respective Principle Component, P, so that we get daily PL in Principle Components 
that looks like: PnL = 115P1 + 282P2 - 1024P3 + 142P4 + 55P5 + 116P6.The 
units are contracts. Multiply each coefficient by the first day price, ~$20 to convert to 
dollars. So, for example, our PCA analysis tells us that if component P1 changes 
upward by 1% on a day then the portfolio gains 115*20*0.01=$33. 
 
What we see first and foremost from this equation is that our biggest exposure is to 
the third component, which, recall, is the one in which the front month contracts 
for sheep, goats, chickens move up and the 2nd and 3rd month contracts for all the 
animals move down: our particular positions in which, it happens, we’re short the front 
month contracts and long the 2nd and 3rd in each animal, latch onto this structure. Our 
chosen set of positions latched onto the third mode. It is a more specific look at our risk. 

II. Hedging away the risk: The PL plot in Figure 3 shows that our Sharpe Ratio (SR) is 
remarkably high. A calculation shows annualized SR to be an impossible 17. The 
standard deviation is 15 (contracts). This is a direct result of our rosy FAKE price 
construction. Particularly, the lack of any baked-in auto-correlation in the prices yields 
no major run-ups or draw-downs. Nice work, if you can get it. 

Nevertheless, the portfolio was not optimally chosen. The risk can be reduced. We 
can do something like a simple hedge ratio. We can hedge the portfolio with one of the 
9 instruments in order to bring the risk down. In other words, the simplest move one can 
make to hedge against a portfolio is to alter one of the already-existing positions to 
minimize the portfolio’s risk. Formally, what we want to do is minimize the net risk, ∑ 
w w where w’s are the position weights and  is the covariance matrix, and the sum is 
a double sum over all 9 positions. In the normal way, we want to take the derivative of 
this equation with respect to any one weight wa and set it to zero. This gives us the 
optimal hedge to put on for a particular future, a. Following this prescription we find 
the known answer, wa = - ∑ aiwi/ aa.   
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This is intuitive. It says take a position in instrument a in an opposite sign of the sum 
over the other positions weighted by their correlations to a, and increase it even more if 
a’s own variance aa is small. So, if, say, chicken and goat futures are positively 
correlated to the 3-month sheep future and we’re long in all of them, hedge by going 
short 3-month sheep. Here we stop with the minutiae. Suffice to say that we can 
generate 9 new portfolios, hedging optimally with one future at a time, and significantly 
improve our already stellar in sample Sharpe Ratios and PL.   

The take-away here is that a hedge against reliable, stationary correlations, as exist 
here in our study, should not be a luxury. The lessons of this PCA exercise may be 
extended to a factor replication analysis in addition to our application to portfolio risk 
management. The outcome should be a better ability to shepherd our portfolio through 
uncertain markets by applying quick hedges to multiple risks as seen by your desktop 
computer. Using PCA to illuminate risk complexity in commodity correlation is the 
fourth of our recommendations. For those analyzing factors on uncertain replicated 
risks, it can provide yet another illuminating look at the risk without knowing 
much about the underlying investments and help get the ball through the 
goalposts.  

III. Level 801 Commodity Price and Volatility Predicting: We finish out this difficult 
SOPA with a look at the latest work in predicting commodity price moves, volatility, 
options and bubbles. Commodities are prone to bubbles and if we can predict them, 
well that would be amazing. There are benefits in trying.  

Stochastic mean reversion appeals to one’s intuitive understanding of commodities 
driven by supply and demand and does a serviceable job at modeling basic prices. 
Price forecasting of commodities has been attempted in or adapted from seminal 
stochastic calculus papers of Ornstein-Uhlenbeck (Phys.Rev. 36:823–41, 1930) -
Vasicek (Journal of Financial Economics, 1977) and Gabillon (Oxford Institute for 
Energy Studies, 1991). Nice summaries are given at commoditymodeling.com. These 
ideas are useful and might have application for a high frequency, high turnover strategy, 
in which a statistical model is used for risk mitigation. Models are heavily reliant on 
understanding jump transitions, capitalizing on the ability to model an ensemble of price 
streams, and aiming to get the return right just over half the time.  

Volatility forecasting of commodity futures has been undertaken in Kroner /Kneafsey 
/Classens (World Bank, November, 1993) and Guillermo Benavides  (SSRN id611062-
01.pdf), among other places. They share the conclusion that the best forecasting comes 
from the use of hybrid GARCH and implied volatility from options methods to 
forecast spot commodity price. This is the industry standard.  They show that 
agricultural commodities can be modeled with R2s approaching 18% for corn. This is not 
the 50-85% R2s one gets with factor models of funds that we’ve seen elsewhere in this 
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SOPA, but it’s a start. It suggests that rather than building models to watch for small 
moves, these approaches might serve as “alarms” or stop-indicators for 
commodities. And this is what they are used for generally.  

Commodity Implied Volatility Predicting: We can make use of Commodity Implied 
volatility surfaces. Just as there are options on stocks, there are also options on 
commodity futures. One can thus, armed with a Black-Scholes, create the implied 
volatility surface. There is a real problem with sparseness of data – thinness of trading – 
for some contracts, which presents a practical difficulty. Work by Mikhail Deryabin 
(SSRN-id1428738, to appear in Journal of Energy Markets) has addressed this issue. 
We show below in Figure 8 Deryabin’s implied volatility surface for WTI calls. It shows 
the intuitive features one expects: implied volatility is high on the out of the money, 
close-to-expiry options on futures. It is used the same way all option surfaces are 
used. An inversion of the volatility curve suggests only short term worries over future 
risks.  

 

 

Figure 8 Implied Volatility Surface from Call Options on WTI Futures. From “Implied Volatility 
Surface Reconstruction for Energy Markets…”, Mikhail Deryabin, SSRN-id1428738 

Market Bubble Burst detection: This is an exciting and controversial field. For every 
few papers co-authored by Sornette and Zhou and collaborators (e.g., arXiv:0909.1007) 
there is one claiming to debunk (e.g., http://www.proba.jussieu.fr/pageperso/ramacont/papers/crash.pdf) 
the predictive powers of the so-called Log Periodic Power Law (LPPL) model to 
identify market bubbles. For now we don’t take sides, but take a stab at nailing down 
a post-hoc “prediction” for the 2008 Agricultural commodity collapse. Figure 5 shows an 
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admirable prediction of this burst bubble in the UBSAG index. The fit we show predicts 
a bubble burst that is late by only a few days from the actual collapse. The fit was 
performed over the date range indicated by the arrows. We remain skeptical that this 
technique will survive a robust, unbiased and agnostic parameter search over many 
markets and make reliable bubble burst predictions, but we admit that early results are 
compelling. The hallmark feature onto which the LPPL predictive model latches is an 
ever-escalating frequency of oscillations in the run-up of a bubble (people get 
increasingly excited or nervous). One can see those wiggles in the black line in Figure 
9. This particular (perhaps contrived) model correctly predicts with ~1.5 months lead 
time the collapse to within a few days’ accuracy. Nice work.  

 

Figure 9 We follow Jiang/Sornette/Zhou, et al., and “predict” a bubble burst in the UBSAG index. 
Plotted in blue is the natural log of the UBSAG index vs time for one year, starting May, 2007. The 
arrows show the fit period. The black line is the fitted LPPO model, in and out of sample.  

Risk Measurement and Replication work: Fund risk monitoring is where Wolf aims to 
bring real 801 value to the three Ms of the Risk problem: Monitoring, Measuring, and 
Managing. The garden variety commodity hedge fund in which we may be invested 
maintains some obscurity about precise position level exposure. We can pull back the 
veil with a factor model or a distributional matching approach to fund replication. 
Motivations are the following.  

Weissman/Abernathy/Pattel rightly point out that an approach like this can circumvent 
the issue of Managers hiding fund volatility through creative accounting practices. 
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Marking to model or to fantasy, for example, may be revealed. This is done by the now 
famous replication of returns. For Madoff’s funds, the inability to replicate his returns led 
many to conclude, this cannot be portfolio management. Most of us concluded he was 
front running. Only a few brave souls concluded he was a complete fraud.  

We can draw from the new replicated return stream – a process known as 
bootstrapping or jackknifing-- and manufacture new would-be returns, which will give 
some sense of what our future, may hold. Perhaps more interestingly, we can apply 
shocks from potential risks and see what not-so-hard-to-imagine market turns and twists 
will do to the manager under study. For example: 

• Germane to our PCA exercise, what happens to our chicken/sheep/goats portfolio if our 
sensitivity doubles to the front-month-2nd/3rd-month dynamic?   

• What happens if that dynamic itself changes, so that we’re suddenly sensitive to a 
different combination of moves in the front/2nd/3rd contracts?  

• In the case of a black box  portfolio which we discover to be writing options, what 
happens if the next year brings lower premia because market makers decide that 
certain risks – say, energy exploration and retrieval risks on the cost of future wells -- 
need to be priced in differently? Shocking the portfolio provides a valuable degree of 
freedom to risk analysis. 

 
Section Three Conclusions: Exposures to surprising factors can be revealed and too 
few managers understand what can happen in addition to what is likely to happen. 
Likely events don’t require much risk management and so the priority needs to be on 
being prepared for the less likely events. These come along about every three to four 
years in large size or about a dozen times in your career. They will make or break your 
long term performance. Annual surprises in smaller size also happen about a dozen 
days a year. Your ability to predict and quickly act is paramount. This entire SOPA has 
been oriented toward understanding those times and to understand the processes that 
should be the focus of good risk management in commodity funds. For Fund of 
Funds that analyze at a greater distance from portfolios, the need to replicate and 
predict is even greater. The predictions can be used on a four year cycle basis.  
 
Priorities and holdings can be realigned using judgment or some of the signal methods 
above. One might ask, is all of this really necessary? If you have any leverage, the 
answer is yes. Recall leverage is the source of all good and evil in price moves as 
stated on page 7. Recall that commodities are a leveraged market. This is why it has 
such large left tails and risk challenges.  
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Conclusion: Commodities are extremely volatile, tend toward extreme left tails, are leveraged, 
and have correlation challenges. We have provided four risk recommendations, one for each 
problem.  For volatility, hard stops are used on accurate exposure to the tails. For left 
tails, factor modeling with additional data creates a far more accurate buy and sell 
matrix. For leverage, measuring your own implied and systemic collateral risk allows 
you to be buying other peoples collateral when it is on sale. For correlation challenges 
at the portfolio level, advanced PCA can lead to better actual and intuitive 
understanding of concentration risk.  
 
Investors who are in the space need to know what they’re holding and how to hedge, where 
the opportunities are, and, if we’re lucky, when the bubble might burst. Every one of you 
is already a player whether with gold or your other hard assets (like your home). As 
commodities spread their risk through the system, this leading indicator will affect every other 
asset. We believe every investor needs this risk in the hands of the world’s best commodity 
experts. These managers blend theory and practice into strong investment management. They 
focus on the important risk analysis and the important changes in the market. They are then 
able to shepherd their Black Sheep into opportunity. At Wolf, we look for these traits and 
use them ourselves to enhance our process.  
 
Mari Kooi 
With assistance from Eric Church 
October 2010 
White papers are posted at our website www.wolfrisk.com. 
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