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Introduction

The nature of our understanding of volatility is changing, and so are risk management metrics and
processes. The traditional risk metrics, such as the standard deviation of historical returns or the implied
expected standard deviation from options prices, remain a good starting point for risk analysis. Yet the
standard deviation, whether historical or implied, is woefully inadequate to measure tail risk. And tail risk,
when it emerges, is almost always many times more severe than one might estimate if relying on standard
deviation metrics and assumptions of bell-shaped probability distributions.

Moreover, as risk management practitioners, we need to appreciate that when meaningful tail risk is
present in the marketplace, then recent historical volatility may actually be depressed and that
simultaneously there is an elevated probability of a sharp, abrupt price gap potentially in either direction.
This essay provides a practitioner perspective, first, on how the nature of volatility has changed. Secondly,
on why the standard deviation can be a highly misleading risk metric. And finally, we present an example
from the world of oil options as a case study to highlight the practical application of our underlying
concepts surrounding the analysis and assessment of tail risk.

Tail Risk and the Nature of Volatility

Most of the time, market participants are focused on fundamental metrics, trend patterns, and a variety
of sentiment factors that create a market consensus or expected mean around which there may be more
or less uncertainty. Tail risk occurs when an unexpected event with large consequences occurs, such as
the Pandemic of 2020, the Russian invasion of Ukraine in February 2022, or the financial panic in
September 2008 with the very messy and mismanaged bankruptcy of Lehman Brothers and the bail-out
of American International Group (AIG). This type of tail risk comes under the heading of “surprises” or
“black swans” (Taleb, 2007).

Tail risk can also occur when there is a known risk around an event or scenario that divides market
participants into two camps with widely differing expectations of what might happen. When two scenarios
are present, we would argue that the market prices reflect the probability-weighted average of the
outcomes associated with the two scenarios. That is, the market is no longer pricing the expected changes
in fundamental underlying factors for the asset or security in question. Instead, the market is focused on
how the probabilities may shift between the two scenarios with widely divergent expected outcomes.
Let’s illustrate with historical examples.

A classic example of known tail risk, or event risk as it may be called, was the Brexit referendum in June of
2016. Market participants were debating two wildly divergent scenarios. A “remain” vote for the United
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Kingdom (U.K.) to stay in the European Union (EU) was expected to result in an immediate rally for the
British pound against the U.S. dollar and the euro. By contrast, a “leave” vote would result in a rapid
depreciation of the British pound. In the weeks and days ahead of the referendum, the market was
effectively pricing the probability-weighted average of the two scenarios. For example, a 50% probability
of a “remain” win might have been associated with S/£ of 1.40, while a 50% probability of a “leave” vote
might have been associated with a $/£ of 1.20. Given these probabilities and expected outcomes for the
two scenarios, the market price would have approximately been $/£ 1.30. Moreover, and very importantly,
changes in probabilities do not move the mean value much compared to where the currency might go
once the outcome is known. That is, with our example, 60%/40% would have produced $/£ 1.32 market
price, and a reverse to 40%/60% would have produced S/€ 1.28. As the referendum results became
known, and the “leave” side won, the pound dropped precipitously by about 7% in just a few hours.

Another example was the U.S. elections of 2016. The Republican Party was promising major tax cuts,
which the Democratic Party opposed. On election night as it became clear that the Republicans would
sweep the Presidency and gain control of both the U.S. Senate and the House of Representative, the
prospect of a major corporate tax cut became a reality and equity indexes soared.

Also, in 2023 and 2024 an example involved the two scenarios of whether the U.S. would have a recession
(i.e., significantly lower interest rates and lower equity prices) or continued modest growth (i.e., smaller
reductions in interest rates with continued bull market in equities.) This example involved unknown
timing, but the outcome was expected to become known in a reasonably short enough time frame to be
a key focus of market participants.

Our case study for this essay revolves around the tail risk associated with geopolitics in 2024 and whether
the wars in the Middle East and in Eastern Europe might expand in a way to disrupt global oil supplies and
send the price of oil soaring. We will come back to a review of this example of tail risk later in this essay,
when we introduce options as a way to measure and assess the degree to which market participants are
concerned about tail risk.

There are three takeaways from our analysis on known tail risk and the nature of volatility.

e The market trades less on underlying fundamental factors and shifts to pricing the probability-
weighted average of the two scenarios and their widely divergent expected outcomes.

e Inthe period leading up to the outcome becoming known, historical volatility and possibly implied
or expected volatility may be depressed because of market participants having shifted their focus
to the changing probabilities associated with the two possible outcomes.

e Thereis an elevated probability of gap risk or an abrupt and sharp price movement in one direction
or the other once the outcome is known and one scenario moves to 100% probability.
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Inadequacies of the Standard Deviation as a Risk Metric

To appreciate tail risk, one can study Chebyshev’s Inequality! for what it says, and more importantly for
what it does not say. Back in the mid-1800s, the brilliance of Chebyshev and his predecessor, Bienaymé,
was to develop a “probability distribution independent” concept that if one knew the standard deviation,
then one could reliably estimate that at least 75% of the observations would fall within two standard
deviations of the mean. Critically, what this theorem does not say is anything on the extremes outside of
the identifiable range. That is, Chebyshev and Bienaymé provided comfort that the standard deviation
could provide a useful estimate of what might happen most of the time, even if one did not know the
shape of the probability distribution. They provided no comfort at all as to what might happen in more
extreme cases. Of course, the more extreme cases, which we are calling tail risk, can be the difference
between survival and bankruptcy. If one manages the risk associated with standard deviation metrics, one
is highly likely to underestimate how badly things might go wrong in the more extreme cases.

Put another way, the typical Value-at-Risk statement that one is unlikely to lose more than $X 95% or 99%
of the time, fails to recognize two things. First, the probabilities of losing $X can be much higher than
estimated if the underlying probability distribution is not a normal distribution, is highly skewed, or is even
a bimodal probability distribution, as can occur in our two-scenario cases. Secondly, SX losses are likely to
be a very poor estimate of the actual losses if the tail risk actually materializes. For this reason, for
example, most asset managers, when reporting their historical returns, may show their historical volatility
and also provide data for their largest downdrafts to give a better perspective on the potential losses.

The resulting lessons are as follows.

e Assuming a normal distribution or a bell-shaped probability distribution may be seriously
hazardous to one’s financial health.

e When tail risk materializes, the outcomes can be more severe than one would estimate using the
standard deviation and assuming a bell-shaped probability distribution.

Case Study: Oil Options in 2024 and Geopolitical Risk

To underscore our points and provide some practical suggestions for assessing and measuring tail risk, our
illustration and case study involves the oil market and geopolitical risk.

Options traders and analysts have focused for a long time on the skew in the distribution of options strike
price activity, and they have graphed in various ways the volatility surface implied by options markets.
These are very important methods of analysis to identify the existence and importance of tail risk.

Options traders have also embraced non-directional strategies, such as strangles and straddles, where one
simultaneously purchases calls and puts on the same underlying asset or security, when there is the
perception of elevated volatility risk in its more generally understood meaning. Or one can simultaneously
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sell or write call and put options on the same commodity when one believes volatility is being over-
estimated.

Our practical suggestions are to add to these ideas for managing and identifying tail risk by explicitly
focusing on the open interest in out-of-the-money-call options and out-of-the-money put options.

e We focus on the out-of-the-money call and put options because as an option becomes increasingly
in the money, it behaves like a futures contract and is focused on direction not volatility and
definitely not far out-of-the-money tail risk.

e We focus on open interest instead of daily or weekly volume because we want to minimize the
trading activities of liquidity providers and high-frequency traders and focus on the activity of
longer-term risk managers related to positions that are held for days, weeks, or perhaps much
longer.

e And finally, we want to look at the open interest in every strike price for out-of-the-money call and
put options, especially the far out-of-the-money strikes. They may have less open interest, but
where there are far out-of-the-money spikes in open interest, these can be very interesting and
informative for risk management.

To set the stage, we have chosen the oil market as our case study because it embodied material risks in
2024 if wars in the Middle East or in Eastern Europe expanded in a way that cuts off or seriously diminishes
the oil coming from major producers, such as Iran, Saudi Arabia, or Russia, for example. The implication
here is that when trying to assess a specific kind of tail risk, such as geopolitical risk in our case study of
oil, one needs to analyze the risk being studied and select the market or markets most likely to reflect the
potential tail risk about which one is worried. For geopolitics, we have chosen oil. If we were studying the
recession versus no recession scenarios in the U.S., we would look at both equity index options and longer-
term U.S. Treasury Note and Bond options. If we were worried about a steady decline in the Chinese
economy and deflation, we might study options related to the Chinese yuan, given that currency
depreciation is often associated with last resort expansionary policies used in attempts to cure persistent
economic weakness.

Our analysis of the global oil market in the fall of 2024 focused on the geopolitical risks that an escalation
of Middle East or Russia-Ukraine wars could severely disrupt oil production and delivery. At the time, the
give and take of global demand and supply centered around oil trading in the mid-to-low $70s/barrel with
about a plus- or minus $10/barrel range. A second scenario debated by market participants was that an
escalation of wars would impact global oil supplies and delivery which might have produced +5100/barrel
oil or +$125/barrel or higher. This is our classic two-scenario tail risk.

Figures 1 and 2 on the next two pages show the open interest for NYMEX WTI QOil out-of-the-money put
and call options on futures as of October 18, 2024, for the options contract expiring on November 15,
2024. It is immediately obvious from visual inspection that we are observing an asymmetric distribution
with some interesting spikes in the open interest for far out-of-the-money strike prices. This options-based
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approach strongly suggests that the underlying probability distribution is not likely to have a symmetrical
bell-shape.

Here are a few observations from studying the strike prices and associated open interest in the oil options
market in the fall of 2024.

e Put options showed that risk managers were concerned about a drop in oil prices, which was more
or less a smooth drop in expected probabilities from $60/barrel, down to $50 and then $40.

e Call options are where there was unusual action suggesting elevated tail risk with the possibility of
a sharp, abrupt price rise if geopolitical war tensions were to dramatically escalate and threaten or
disrupt oil supplies and deliveries.

e The peak of out-of-the-money open interest in oil call options was located around the $100/barrel
strike price, but there was significant open interest around $110, $120, and $135, and then an
elevated open interest at $150/barrel.

e While not related to our analysis of tail risk, the location of the open interest shows that risk
managers have a strong preference for strike prices associated with round numbers.

Figure 1
Oil Put Options (Bearish, Out-of-the-Money)

WTI Crude Oil Open Interest
for Out of the Money (Bearish) Put Options
for expiration on November 15, 2024
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Source: CME Group, DataMine Code LO (oil options, end of day)
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Figure 2
Oil Call Options (Bullish, Out-of-the-Money)

WTI Crude Oil Open Interest
for Out of the Money (Bullish) Call Options
for expiration on November 15, 2024
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Source: CME Group, DataMine Code LO (oil options, end of day)

We will focus our attention on the deep out-of-the-money call option positions. Options at strike prices,
such as $150/barrel when spot oil was trading closer to $70/barrel, are relatively cheap compared to
options closer to the current price, and they are only going to pay-off given a disaster scenario. Essentially,
this is fire insurance with a very large deductible. The risk managers buying these far out-of-the-money
call options are usually hedging underlying exposures and are happy if the option expires worthless. The
sellers are willing to earn a small premium while taking an extremely low probability risk, although one
with big consequences if it were to occur. The key point here is not to interpret positions in far out-of-the-
money options as predictions of the future. Instead, these far out-of-the-money option positions are best
interpreted as the cost of disaster insurance. And, of course, in the context of our analysis they represent
material worries about the consequences of tail risk.

From a risk management perspective, our practical approach to studying open interest in out-of-the-
money put and call options is a useful approach to supplement the analysis of tail risk. Tail risk can be
grossly underestimated if one’s risk models embed assumptions of bell-shaped probability distributions
and make critical use of the standard deviation, whether historical or implied, as the main measure of
volatility.

Endnote

1 See original sources: Bienaymé, I.-J., 1853, “Considérations al'appui de la Découverte de Laplace,” Comptes Rendus de
I’Académie des Sciences, Vol. 37, pp. 309—324; and Tchebichef, P., 1867, “Des Valeurs Moyennes,” Journal de Mathématiques
Pures et Appliquées, Vol. 2, No. 12, pp. 177-184.
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