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Abstract

For many decades the only way to invest in votgthias been through trading options, futures, or
variance swaps. But in recent years a number attit}-related exchange traded Funds (ETFs) and
Exchange Traded Notes (ETNs) have been launchezhwiiake volatility trading accessible to the
retail investor and fund managers without the rteetcess futures markets. Our objective is tosdeai
trading strategy using them.

We document where volatility returns come fromadieg up some misconception in the process. Then
we illustrate five different strategies that wibigeal to different investors. Four of the strategise

simple to describe and implement. All of the sty&e have had extraordinary returns with high Sharp
Ratios and low correlation to the S&P500, in somses negative correlation. The returns seems to be
too good to be true — like picking up $100 billdriont of a steamroller — so we have a detailed
discussion on the risks and the nature of the staln

We illustrate how these strategies can be incotpdriato existing portfolios to reduce portfoliski
especially in times of crisis. They have positixp@sure to the markets during good times and negjati
exposure during bad times. Unfortunately they dioahways provide absolute returns and while
reducing net portfolio drawdowns they can themsehaeve significant drawdowns. Still, we suggest
that a traditional 60% equities, 40% bonds portfghould be adjusted to 55% equities, 35% bondk, an
10% volatility.

This is primarily an expository paper which exptagoncepts that are quite simple. So we omit formal
technicalities such as bootstrap, robustnesssttati, and stress tests and leave out mathenagiars
from some interesting notes that we confine to@trooal technical appendix. The investing strategie
are very easy to apply and the (optional readimggussions of the mechanics of the futures markets
belies their simplicity.

JEL classification: C32; C53; G11; G12; G13
Keywords: Volatility trading; Futures pricing; Volatility Rk Premium; Roll yield; Momentum

1. Introduction

In order to create a long term volatility tradirigasegy for inclusion into an investment portfolie
seek to use three intriguing and enticing styliteads about stock market volatility:

1) Stock market volatility, unlike returns, is precibte
2) Changes in volatility areegativelycorrelated with changes in market prices
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3) Investors are prepared to pay us a premium\(tiatility Risk Premiumnfor us to take volatility
risk off their hands

In other words, we want to consider investing itatibty as an asset class.
The structure of this paper is as follows:

We discuss the lure of volatility and demonstraie by simulating a mean-reversion trading strategy
the VIX which produces 215% annualized returns.nlive hint at the profitability of an Exchange
Traded Note (ETN) with ticker XIV. But before wercteel safe trading it we must explain where the
returns come from.

It is the volatility risk premium (VRP) which prales our returns. We provide convincing evidence tha
the VRP exists in the options market. But the viithiaETNSs that we are interested in result from
trading the VIX futures markets so we must testde if the VRP exists there also.

But the futures market has a complication — thew ¢oncept called roll yield that people mistake f
the VRP and treat as a free lunch. It is importardiear up the misconception because we can earn
more return by chasing the VRP rather than roldyi€he VRP is not a free lunch because earning the
premium requires taking on volatility risk.

Then we introduce the four Exchange Traded Notaisrttake up our volatility trading toolbox. We
explain the dynamics of one of these notes — thé Yle show how its changes relate to the VIX
changes with the important point that even tholngine is a regression formula between the two the
XIV does not have the mean-reversion predictabdftthe VIX. This is because the futures market has
the predictability already built into the prices.

For the purpose of studying risk closely we divilde history of our ETNSs into five risk regimes, aofe
which includes the Global Financial Crisis (GFQ)slinteresting that these volatility regime chasg
actually predated the GFC by a few months and naag been a harbinger of the crisis to come.

Then we develop four different methods in ordeinofeasing complexity for trading our ETNs (and
hint at a fifth). The different methods are suitedlifferent investors and also provide a consistenf
returns that gives us some extra confidence tHatility trading works. The simplest strategy isybu
and hold and the most complicated uses just a rgawerage of historical volatility. All strategiean
be calculated in a simple spreadsheet.

The investing strategies are very easy to applytl@discussions of the mechanics of the futures
markets belies their simplicity. It is possiblettade them without understanding the futures maréet
all.

We devote significant attention to the risks of sktrategies, particularly the risk of being run olg the
steamroller. The risks are the usual market risksi{ as liquidity) plus the following volatility-spific
risks: (i) volatility drag, (ii) timing synchronizi@n risk, (iii) VRP-roll yield convergence riskiyj
regime change risk, and (v) steamroller risk. Wiechede with the finding that being run over by the
steamroller isn’t so bad after all.

Due to the low (and often negative) correlationhaf strategies with the S&P500 we look at how the
strategies can be used to boost returns and loglatility in existing portfolios. We give example$
how combining volatility strategies with stocks (RA) or with the S&P500 or with bonds reduces the



maximum drawdown and improves the Sharpe Rati@oh eéNe reduce the AAPL maximum
drawdown of 55% to only 36%. Even a small allocaitdd 10% of a bond portfolio to volatility can
boost the Sharpe Ratio from 1 to 2.2

We conclude with a summary and suggestions for lwtyiges of investor the strategies will appeal to.
The methodology (and the ETNS) are in their infaang we offer suggestions for future research.

Finally, an optional 6-page technical appendixpent of the paper is provided as a reference foreso
of the dynamic concepts in the paper.

2. The Lure and Intrigue of Volatility

The VIX is the Chicago Board Options Exchange Maxk@atility Index, CBOE (2009). It is an index
that is, in some sense, a measure of the markgiceation of the average volatility over the ng@t
days. It is not a measure of the current volatilityhe market although, as we shall see, it steel.

Since market volatility (from fact 1) is quite preible the VIX is quite predictable. It tends ®ean
reverting which means that extreme values are i@y to be followed by less extreme values.

As proof of the predictability a simple mean-revensrading strategy based on moving average
crossoversproduces the results shown in the equity curvgignre 1 (left). The annualized return for
the strategy has been 215% since 1990.

Figure 1
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The return is considerable but since the VIX ismadable the return is not realizable.

Related to the VIX is the VXV, the CBOE S&P 500 3Mh Volatility Index. This is, in some sense, a
measure of the market’'s expectation of the avevatgility over the next three months (rather tivare
month for the VIX). The ratio VXV / VIX is more inmgotant to us than the VXYV itself.

Besides the predictability of the VIX the secontklis that changes in the VIX are negatively caitesd
with changes in the S&P500. This means that, wepessible, a long position in the VIX, provided it
generated positive returns, would provide usefutfplio diversification. Figure 1 (right) shows the

2 Go long when the VIX crosses below the 11 day stnmpbving average, else go short



changing correlation between VIX changes and S&R$hges calculated using the Dynamic
Conditional Correlation (DCC) method (Engle, 20@8)ch avoids the lag that arises from using rolling
windows. Not only is the correlation negative,aems to be more negative during recent crises. That
could be useful.

As a further lure we reproduce the chart from Ydhod-igure 2. It shows an exchange traded note XIV
which tracks inverse volatility compared to the Ve note that while the VIX ends up roughly where
it started and XIV inversely tracks VIX changes Xa¢¥ds up 40% higher than it started. We ask why?
And can this be exploited for good returns? 40% ga&eer six months is indeed a lure.

Figure 2

VelocityShares Daily Inverse VI
[ B

+B0 %
+E0 %
+40%
+20%
"
A/\
L IA AN .
~7 Vi

W

© Yahoo! 40%
Apri12 May 12 Jun 12 Jul12 Aug 12 Sep12 oct 12

-20%

3. The Volatility Risk Premium

In order to earn higher returns than the risk-fiege investors must (by definition) take on sorskgi
The extra returns that taking on these risk prowidecallrisk premia The most famous, perhaps, is the
equity risk premium which is the excess return thatstock market provides over a risk-free rate.

lImanen (2011) has a chapter on each of twelvemifft risk premia. Presumably a well diversified
portfolio would be exposed to each of the twelvéhay are not 100% correlated with each other.

It should be noted that exploiting risk premia @ the same as exploiting market inefficiencies. W¥e
see later that the market incorrectly prices vitatiBut this is not an inefficiency, it is simply
premium for risk.

The premium that we seek to exploit is the VolgtiRisk Premium (VRP) which is the premium that an
investor in some asset pays to reduce exposubhe teolatility of the future returns of that asdetother
words, the price hedgers are prepared to pay tusders to offload price risk. In our case thecass

the S&P500 index.

The VRP is reflected in S&P500 options by optioesg overpriced. Sellers of these options (who are
essentially “selling volatility”) receive the VRRrough these higher prices. Now the VIX is a measur
of the “implied” volatility of these options the the VIX is too high compared to where it shdugd

if it were an unbiased predictor of future S&P5@0atility.

In a nutshell the VIX overpredicts the S&P500 vititgtand this overprediction represents the VRP.



This is easily seen in Figure 3 (left). The reelia the VIX which is a predictor of the mean vibikgt
over the next 30 calendar days. The blue lineagtlean realized volatility that resulted on thela@s
subsequent to the VIX reading. It is evident that V1X overestimates the realized volatility.

Figure 3

VIX (red) and Subsequent S&P500 30-day Mean Realized Volatility (blue) Estimate of Volatility Risk Premium
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The difference between the red and blue lines isséimate of the VRP. We use differences of the log
of the volatility in Figure 3 (right). (Use of logeduces spikes in the numbers.)

It is evident that the VRP is mostly positive babtgetimes negative. We note that in periods of high
volatility the predictions underestimate the VIXdaso the volatility risk premium is negative. AbHe
times we will need to reverse our positions in otdecollect the premium.

lImanen (2011) explains that collecting the VRgugte lucrative but looks more lucrative than &l
is because of the “peso problem.” Rather than &se perm we prefer the term “picking up $100 biils
front of a steamroller.”

The problem is that returns look good in any petlat does not have a visiting steamroller in ite T
good returns should really be moderated for thégodity of the steamroller. But in our case we aver
fortunate to have a steamroller arrive in the fofithe Global Financial Crisis (GFC) during our
backtesting period.

4. VIX Futures Market

We cannot trade the VIX directly but there is ativecand liquid futures market for it and this is
accessible to retail investors in the form of ExaxdmTraded Products (ETPs). To understand these
ETPs it helps to understand the futures market adrae

VIX futurescan be regarded in some sense (ignoring the V&#yus cash flows, dividends and cost of
money effects) as a form of prediction or “bet”where the VIX will close on the day they expire and
are settled. The VIX futures price reflects the keaparticipants’ best collective guess as to wheat
VIX index will be at settlement.

The bets can be long or short. For example, iftyoyia long contrattoday at price $16 and the VIX is
$18 at settlement then you gain $2. If your bet slast then you would lose $2. For every long bet

® Note that CBOE Mini-VIX Futures trade at VIX tim&400. We assume the value of $1 here for simplicit



there is a short bet (a zero sum game) which istivdyontract price represents the best collective
guess.

Figure 4 (left) shows the spot VIX (at Days = Ofaight VIX futures predictions (contracts) as they
were priced at the close on 21 March 2012. Thistaba@alled théerm structure The first red dot on
the left shows the actual VIX closed at about e Temaining red dots show the eight futures contra
prices at various days till settlemérontracts are spaced a month apart.

Figure 4

VIX Futures Contango as at 21-Mar-2012 VIX Futures Backwardation as at 03-Oct-2008
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It is evident that market participants predictegl YHX to rise over the next 250 days. When the term
structure is rising it is callecbntango When it is falling it is calletbackwardation The right hand chart
shows a state of backwardation on 3 October 2008.

Since the ETPs that we will use as our tradingatekiare based on the VIX futures we ask the questi
Are there inefficiencies (incorrect pricing) ortieere a VRP in the VIX futures term structure?

We ignore the possibility that there are ineffides in the term structure pricing because tryong t
outguess the market is a difficult proposition. BOYRP is an easier target because getting padak
some volatility risk is not an inefficiency.

Just because there is a VRP in the options mathe@MIX overestimates realized volatility) does not
mean that the futures market has the same ovesaggiimand therefore a VRP.

But it turns out that it does. If we take the twearest VIX futures and weight them so that the Wteid
mean of their settlement days is 30 days we gefutiiees market’s estimates of the VIX 30 days leenc
Figure 5 (left) shows the VIX as predicted by thiXWutures weighted mean (dark green) versus actual
realized VIX 30 days subsequent to the predictions.

It can be seen that the green line is reasonablyisiently above the red line so the VIX futures do
overpredict the VIX. Yes, there is a VRP in the flXures market.

Let us call the VRP in the options market the VR&d the VRP in the futures market the VRPF. When
we refer to the VRP generically we will still c#lithe VRP.

“ The blue curve is an exponential least squarés ftie points and the horizontal blue line isrigulting fitted asymptote.



Also refer to the 30 day weighted average prictefVIX futures by the term VIX1 (for one month).
Similarly 2, 3, ...month weighted averages are called VIX2, VIX3, ...

Figure 5

VIX 30 day Predictions from Weighted Futures (dark green) and Actual 30 day VIX (red) Estimate of Volatility Risk Premium in VIX Futures
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Interestingly, the correlation between the VRPO ¥RIPF is 0.56. Should we expect the correlation to
be higher or even 100%? The VIX already has apisknium built into it, the VRPO. The VRPF is an
additionalpremium on top of that one. There is no reasaxpect that the additional futures premium
is correlated with the options premium. But isnhich means that an estimate of one contains
information relevant to predicting the other.

The VRPF pays off in a simple manner. Suppose wealdong VIX futures contract priced at $18 and
that on settlement date the VIX is at $16. Thatmsdghe VRPF was $2. Our bet of $18 was high so we
lost $2 on the contract. We pay out $2 to the peraao bet short. The short seller of volatility leated
the VRPF.

So on average, since the VRPF tends to be podibing,players in the VIX futures market tend to pay
out to short players in the market. The same theggpens in the options markets where option buyers
pay out to option sellers on average. Or the conitiesdnarket where hedgers pay out to speculators.
Or the housing insurance market where house ovpagrs: premium to insurance companies. In all
these examples a premium is paid to another patke on some risk. This is a fair exchange and is
the key to making money using volatility as an asksss.

There is a complication in the futures market thatmust talk about because many people confuse it
with the risk premium. It is the roll yield.

5. Roll Yield

There is a widespread belief that profits from ¥ futures markets come from the roll yield. Tlss
not true because

(1) if it were true then the roll yield would be a frieech
(i) the profits actually come from the risk premium



This is explained in detail using numerical exaragdg Gorton & Rouwenhorst (2004).

So how does the roll yield work? As the settlentayt for the nearest VIX futures arrives the futures
price and the spot VIX (i.e. the quoted VIX) musheerge to each other to avoid a risk-free arb#rag
opportunity. This is because on settlement daybest prediction of the VIX must be the spot ViXeits

So the question is: does the spot VIX convergééocbntract price or does the contract price cayerer
to the spot VIX. Aye, there’s the rub

Because, in a nutshell, if the former, threnprofits are madeand if the latter thefull profits are made

Theroll yield is the difference between the spot VIX and tharkes price. It is called a yield because it
may pay or cost a small amount every day as thedstprice and the spot VIX converge on each other.

For example if the spot VIX is $14 and the futupese is $18 and an investor has a short conthect t
every day as settlement approaches the price afothigact drops a little — e.g. $17.80, $17.65,0.the
short investor gains a few cents each day.

But remember that the roll yielger se is not a free lunch. The reason that the futpries is $18 is
because the VIX is predicted to rise to that pr&®the price may stay at $18 while the VIX rises t
meet it — e.g. $14.26, $14.37, ... In that case éveuagh the roll yield still exists it does not pafy
because the futures price stays at @itBout moving

What is likely to happen is something between the éxtremes. The spot price and futures prices both
converge on each other.

For example, the VIX could rise to $16 by settletriate and so the futures price will drop to $16,
providing a profit to the short seller of $2. Tha! foll yield of $4 was not realized and in fabet$2
profit came from the difference between the finékWalue and the initial futures purchase prites
difference being the volatility risk premium

We emphasize this point that it is the VRP, notrtheyield, that provides the profit. If there veeno
VRP then there would be no profit.

However, the roll yield and the VRP are correlatedause the measure of roll yield ($4 in this case)
includes the VRP ($2) . The larger the VRP thedatbe roll yield.

This correlation leads to successful investingtstias that seek roll yield. But even better stigte
result from seeking the VRP.

This is useful because roll yield is measurablered&i® VRP is not — it has to be predicted because it
not known exactly until settlement date.

An important point to note is that the roll yiekiositivewhen the term structure is aontangoand
negativewhen inbackwardation

® Hamlet (Act lll, Scene 1). This is the key poiritthe paper. Shakespeare’s wouth is quite appropriate here. Note: there is
a technicality in that VIX futures at expiratiorttée to the VRO VIX settlement value, not the sp&X but for this paper we
regard them as the same.



The returns from roll yield can be considerablethim backwardation chart above we could buy the
future at value just below $36 and after about &psd(if the spot VIX did not move) it could be wort
about $45 producing a return of about 25% in 2Gday

The average roll yield since 2004 has been 5% perttmaccording to J.P. Morgan (2012 ETF

handbook), although it rises to 8% during periofl®w market volatility.

6. Exchange Traded Products for Investing in VIX Fdures

We will focus in this study on four ETNs which prde us with a complete volatility investing toolbox
for harvesting the VRP from VIX futures. The ETNsvk only existed since 30 November 2010 but
using historical CBOE VIX futures prices we havejpcted the prices back to 2004. The ETNs are:

Ticker = Inception Date Leverage

XV 30 Nov 2010 -1 short | VelocityShares Daily Inverse VIX Short-Term
VXX 30 Jan 2009 +1 short | iPath S&P 500 VIX Short Term Futures

ZIV 30 Nov 2010 -1 medium | VelocityShares Daily Inverse VIX Medium-Term
VXZ 20 Feb 2009 +1 medium | iPath S&P 500 VIX Medium Term Futures

The leverage and term will be explained later. €e® not the only exchange traded products offerin
the features that we require. There are othersditoyy ETFS (rather than ETNs) but these ETNs offer
the longest trading history and the best liquidity.

Other volatility ETNs such a$VIX are created using trading rules that we can ragliourselves using
the four ETNs in our toolbox. So we see no reaget),to include any more.

Our four ETNSs are virtually identical to each otlretheir structure — the only differences are the
leverage and the term length — so we will desdtieewvorkings of just one, XIV, which turns out te b
our main investment vehicle. For precise detailsaW the ETNs work the prospectuses should be
consulted. They are based on futures indexes dateshé Standard and Poors (2011).

XIV and VXX are inverses of each other. So, igngriees, when one goes up 5% the other goes down
5%. This means that we can switch between the avafféct short and long futures positions. Simylarl
ZIV and VXZ are paired.

XIV and VXX invest in short term (1,2 month) futgrpositions and ZIV and VXZ in medium term
(4,5,6,7 months) futures positions. We now expkiM in detalil.

7. XIV Dynamics

XIV invests in short VIX futures contracts. This ams that it goes up when the VIX futures go down.
Usually this means that it goes up when the VIXlftgoes down. This can be seen in Figure 2.

A chart of XIV daily returns versus VIX daily rens is below. We accentuate recent history since the
inception of XIV on 30-Nov-2010 by plotting theseipts in red.

® For example the ProShares ET3éXY andVIXY offer the same exposure as XIV and VXX but in Hofn



Figure 6
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Since it is correlated to the VIX and the VIX iedictable we ask if XIV is predictable. The ansvger
largely, no. We tested hundreds of mean reversiovimg average trading rules but were unable to find
any that generated a profit from XIV.

This is to be expected and is an important poihX Mtures are predictions of the VIX and any VIX
predictability is already built into the futuresqas. Predicting XIV is not the same as predicthng

VIX — it is the same as predicting the predictiofshe VIX. So by using futures we have missed any
gains we might have expected from the predictgtlitvolatility (point (1) in the introduction). Tt

still leaves gains due to the VRP, however.

A minor complication with XIV is that it shortsvo futures contracts with different settlement dales.
chooses the two nearest settlement dates and shweighted combination of the two contracts such
that the weighted duration of the two is 30 calemteys. This means that every day it must reweight
and so it must dispose of a bit of the near cohtatad acquire a bit of the further contract.

So effectively XIV becomes @nstant maturitgontract with a fixed duration of 30 days. We cbul
ignore this technicality but it affects the roleld calculation. Instead of the roll yield being th
difference in price between the spot VIX and tharast contract it becomes the difference between th
two nearest futures prices, pricel and price2. Weoalculate the daily roll yield as the difference
between the two nearest contract prices divide8hy

X1V daily roll yield = (price2 — pricel) / 30

An interesting exercise is to ask now that we cdoutate the roll yield is: if we could have colled all
the potential roll yield how much could we haveyot

We can’'t answer this question exactly because adfihove can calculate the roll yield at the endamfhe
day it is a moving quantity and may not reflect #lttual yield obtained during that or the next dy.
we call it theexpectedoll yield. But assuming that it is stable enouglbe predictive then the daily
expected roll yield is shown in Figure 7 (left) ahe potential cumulative roll is in Figure 7 (rtyh

10



Expected Roll Yields for XIV
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Cumulative Expected Roll Yields for XIV
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Since the roll yields can be as high as 0.5% op&¥day the roll yields can accumulate to consiadera

returns.

It should be noted that the roll yields are tinyngared to the day to day volatility of XIV whichstdts
from its correlation to the day to day volatilitfthe VIX. XIV can easily move 10% in a day. More o
this below. Also explanation of the regimes 1 to 5.

Besides the fact that we can only collect the VR#?d are other reasons why we cannot reap the full
roll yield. We discuss these in the risk sectiolote

8. More XIV Dynamics

VIX futures trading started in 2004 but with lowuiidity and missing months. Nevertheless we used
historical prices provided by the CBOE and integpedl missing months to create a hypothetical back
history of XIV and the other ETNs had they exisite@004. Reliable pricing history did not startiunt

the beginning of 2006 but we are sure that ourégudor 2004 and 2005 are sound enough to be useful
The last date for our data is 15 February 2013 ploethe ETNSs in Figure 8 (using log prices in the
right hand chart).

50

451

401

351

301

251

201

15

10f

5

Short ETNs backfilled to 2004

Regime 1

Regime 2 (3]

b

Regime 4

Regime 5
—xiv]]
ZIV |4

0 . . . . . . . . .
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figure 8

Long ETNs backfilled to 2004

Regime 1

Regime 2 [3 Regime 4

SN

Regime 5

VXzZ

— VXX

"y

X
I

11

3 I I I I I I I I
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013



We divided the 2004 to 2013 period into five diffiet risk regimes which we picked out by eye. Regime
1 is pre-GFC. Regime 2 roughly coincides with te0Gstarting with a big drop in XIV on 22 February
2007. This actually pre-dates the start of the @RE may have been a harbinger of things to come.

XIV then performs badly through regimes 2 and 3l @@t November 2008 when it recovers. Again this
predates the end of the GFC and may have beerbeger. We sectioned off part of the GFC and
called it regime 3 — this regime turns out to becsally profitable and could be regarded as aneyutl
when evaluating trading strategies. More on thisrla

The post GFC region is divided into two regimes +egime 5 hedging strategies failed from 8 October
2010 onwards. Why this happened is a mystery tndsso we note regime 5 for being more risky than
regime 4. The vertical dotted purple colored lihews the inception date of XIV. From that date
onwards we use the actual XIV daily close pricesifse yahoo.com).

We note the following observations:

(1) XIV and VXX have higher returns and volatility thaiv and VXZ. This is because the roll
yield and VRP is smaller for futures further aweyn the settlement date and because those
futures are less exposed to volatility in the VIX.

(i) VXX has a massive loss of value over the nine peaiod but its inverse XIV does not have
a corresponding massive gain in value. This is liezghe inverse returns are measured on a
daily basis but when daily returns are compounded oyeags the volatility of the returns
detracts from the compounded returns. This detrads called volatility drag and occurs
with leveraged ETFs. For a discussion of this B@egxample, Avellaneda and Zhang (2010).

(i)  The “steamroller” effect is visible for XIV. It haal 25% fall in one day at the start of regime
2. Its maximum drawdown to the end of regime 3 92%.

(iv)  As noted above, the GFC regimes precede the GFG@®&BPear market by about six
months.

(v) Measurements show that for long intervals of tiM& Keturns have a Sharpe Ratio (SR)
between 2 and 3. For example, regime 1 has SR3; &l there are other periods longer
than a year where SR > 2. A goal is to be ablarte these periods.

Some summary statistics for the four ETNs are entétle below. Alpha and Beta refer to the beta wit
respect to the VIX and also with respect to the S@F

Ticker = CAGR  Annualized Maximum VIX Alpha VIX Beta S&P 500 S&P500
Volatility Drawdown Alpha Beta

XV | 31.4% 56.5% 92.6% 97.5% -0.441 37.8% 2.060
VXX | -47.0% 56.4% 99.6% -51.5% 0.440 -30.4% -2.058
ZIv 4.2% 29.8% 79.6% 21.4% -0.200 2.7% 1.018
VXZ | -13.1% 30.1% 81.5% -19.1% 0.214 -3.3% -1.071

9. Trading Strategies

Firstly we look to see if the raw series of XIV ¢es can be traded. Although the price series lasks
though it is somewhat mean-reverting we excludemresersion tests because the reversion occurs
over the period of a decade and seems to be mlated¢o one-off events such as the global findncia
crisis rather than an intrinsic property of XIV.dny case, we were unable to find a profitable mean
reversion trading rule based on moving averagesorass that came close to matching trend-following
rules.
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The XIV price series is either a random walk withdrift (in which case it cannot be traded), a i@nd
walk with drift (in which case buy-and-hold is tbhptimal strategy), or not a random walk (in which
case it may be possible to devise a profitablangacile).

We tried various random walk statistical tests ¢siimgy of variations, with and without drift, oféh
variance ratio test, the Augmented Dickey-Fullst,tand the Phillips-Perron test. None of thesks tes
could reject a random walk. Therefore the safegta@gch is to assume that X1V is a random walk and
that technical analysis may not work for tradingxeess returns may be illusory.

It is a grim fact of backtesting that every time ogimize a trading parameter by looking at pasada
even though that parameter value may be optimalggimrward, future returns will generally not be as
high as past returreven if market conditions stay the same

That is because when we do the optimization weriallly get some market noise into the return
calculation for the optimization. Going forwardethoise will be different and so will no longer
contribute to the returns. This is called regrassmthe mean. Francis Galton demonstrated itlglear
when he showed that if you take the tallest fatireesgroup (the “optimal” fathers) their sons witht
be as tall as the fathers even though those sdhstiibe the tallest sons on average. For a detep
discussion see the chapter “Fool’s Gold” in Aron§2007).

So every time we optimize a parameter in a traditgywe put a Grim Reaper icon in the margin to
indicate that we expect some reversion to zerogaamreturns to follow. We can ameliorate regression
to the mean by choosing a “typical” rather tharniropt value for the parameter. For example, in the
momentum case below we will choose 83 rather thamoptimal value of 88. But we still expect some
regression to the mean anyway.

We now examine five different trading strategiest tise just our four ETNSs in the toolbox. The
strategies are listed in order of increasing comipte

9.1 Strategy 1 — Buy and Hold

There are several reason why we might considelyabd hold strategy for XIV:

(1) The annualized buy and hold return was 31.4% peuran This is remarkably high given
that X1V had massive drawdowns during the GFC &edg&uro crisis of 2011.

(i) We expect that the GFC was a once-in-a-lifetimeneaad that a 92.6% drawdown is
unlikely to be repeated soon. So we feel reasonabifident that the return going forward
will be even higher than 31.4%.

Two reasons for not considering buy and hold are

(1) even without a GFC the drawdowns can frequentlghré®%
(i) the strategies described below are much better.

It is interesting to see what a backwards-looking &nd hold portfolio optimization of the four ETNs
looks like:
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Figure 9

Mean-Variance Efficient Frontier for XIV,VXX,ZIV,VXZ, 2004 to 2013
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We put in as reference points but excluded fronoghtenization the S&P500 index, the ERGG
which tracks the Barclays Capital Aggregate Bordkkand the stellar performers AppfAPL ),

Amazon.comAMZN ), Panera BreadPNRA) and Middleby Corp.NIIDD ).

It can been seen why we only need these four EmMsii toolbox. Combining them allowed us (in the
period 2004 to 2013 to achieve any level of righrfrbelow-bond risk of about 3% to returns as high a
Apple at about 45%. (Note that these returns arnna@nualized daily arithmetic returns, not mean
annualized compound returns.)

9.2 Strategy 2 — Momentum

Momentum (a form of trend following) has been aelyostudied phenomenon in the literature and has
been found in many asset classes. Asness, Mosk&#dersen (2009) claim to have found it
“everywhere.” However, there has been little stafljnomentum in volatility as an asset class.

It might be expected that there is momentum intuglamarkets as well because of the persisterice o
volatility. The roll yield and VRP charts above shthat there also seems to be persistence in these
factors as well. Zooming in on the relevant cheusgssee that sign persistence frequently lastsrfer o

three, six months and even longer. So we mightremaentum for look-back periods of a few months.

To test this we constructed a portfolio based enfour ETNs in our toolbox using the momentum rule:
(i) hold the single ETN that has the best return as measured over the last k days
(i) if all measured k-day returns are zero stay out of the market

We ignore trading frictions and do the rebalana@rgry day as this is a theoretical exercise. lotEa
we would need to look at those costs before chgasmoptimum value df and rebalancing period.

We also assume that when out of the market reanegero. In practise the investments would be in
cash but we don’t want include that variable in sults.

Marshall, Nguyen, and Visaltanachoti, (2013) fihdttmoving average timing rules may offer
meaningful return gains over momentum. We foundltinde the case here but small changes in the
parameters produced wild changes in the resuliisesmethod failed the robustness test and we have
low confidence in the method going forward. Momentseems more reliable.
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Figure 10 shows mean variance charts for momentumwvairious values d€. The right hand chart is a
zoomed-in version of the left. The lower chartsvgloorrelation of the returns with S&P500 returnse W
are pleased to see that the correlations are negati

Figure 10
Mean-Variance chart for Momentum Portfolios Mean-Variance chart for Momentum Portfolios
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It seems that a period for the momentum measurewbere in the 80’s is optimal. We like the value
83 (shaded solid in the charts) as a good compeob@sveen return and negative correlation.

q

So we use the 83-day momentum rule as our repagsentor Strategy 2-momentum.

9.3 Strategy 3 — Contango-Backwardation Roll Yield

The main aim of this strategy is to seek to maxaie roll yield by investing in XIV when the VIX
term structure is in contango and in VXX when téert structure is in backwardation.

This strategy is extremely simple and there arparameters to tune (so no visit from the Grim Reape

or calculations to make. One simply invests in XIVXV >= VIX and in VXX if VXV < VIX. Prices
for VXV and VIX are easy to find (use the symboi&XV and "VIX onf i nance. yahoo. conj.
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In Figure 4 above it is easy to determine thatéhne structure is in contango or backwardation (CoB
But quite often during certain regimes it is diffitdue to the term structure being flat or “wavgg it
can be difficult to determine CoB.

We used a number of different measures to deter@ai These are ratios of various constant maturity
parts of the term structure to other parts:

Vratio — the ratio VXV / VIX

ERY — the Expected Roll Yield — the slope of the tastnucture between the two nearest contracts
Tlratio = VIX1/ VIX

T2ratio = VIX2 / VIX

T5ratio = VIX5 / VIX

T51ratio = VIX5 / VIX1

T52ratio = VIX5 / VIX2

T21ratio = VIX2 / VIX1

Figure 11
Mean-Variance Plot for Comango / Backwardation Stralegles Mean-Variance Plot for Contango / Backwardation Strategies
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The results are in Figure 11. Ratios using the taith parts of the VIX term structure (ratios witln5
the name) seem not as good as nearer ones (WitB ihahe name). We thought that ERY would be a
good performer because it measures the roll yietdtlis outperformed by ratios with VIX in the
denominator. Perhaps this is because these ratndaio an element of VRPF prediction in addition to
roll yield.

The one we like the best is Vratio. Although nogaed as T1ratio the difference may not be
statistically significant (bootstrap tests for sfgrance are outside the scope of this expositaiyep)
but more importantly Vratio isiucheasier to calculate. Prices for VXV and VIX arad#y obtainable
whereas T1ratio requires futures prices to be nbthand then an interpolation between them to be

calculated.
ok
R

number of trades we get a slightly better perforceaiVe call this the VratiolO rule. We discuss neld
the reason why this may work.

So Vratio is our representative indicator for siggt 3 (although in practice we would use Vratiol10).
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9.4 Strategy 4 — Volatility Risk Premium

An advantage of the CoB strategy is that we carsnreahe degree of CoB quite precisely using the
Vratio. But with the VRP we can barely define &t &lone estimate it.

The VRP is a measure of excess pricing in the manker and above what should be there. But how do
we come up with a value for “should?” Should we aséARCH model? Should we use historical
volatility (and if so, over what period — 10 or @in days)? And should we predict S&P500 volatility or
the level of the VIX?

And then given a prediction should we compare #dm to decide whether to go long or short or &hou
we compare it to a threshold? The latter seems neaisonable since any estimator we use is bound to
have a bias and maybe traders themselves have.&uitthis threshold introduces an extra tuning
parameter that invites the Grim Reaper.

We tried nine different measures of the VRP. Theyreamed:

HVOL21, HVOL10, HVOL10S - the current VIX minus the historical volatilitglculated over the
last 21, 10, and 10 business days respectivelytivghast one having a smoothing 5 day moving
average applied.

EGARCH, EGARCH1, EGARCH2, EGARCHS5 - these are respectively the VIX, VIX1, VIX2, and
VIX5 minus the EGARCH(1, 1) estimates of the mealatility over the next month.

VRPO21, VRPF21 - these are the actual VRPO and VRPF realized \&8fseasured 21 business
days ago.

We tried these nine with and without fitting aniapkzed threshold (e.g. use X1V if VRP > threshold
else use VXX). That gave us 18 VRPs to try ouFiyure 12 the dark circles are the VRPs Withd
optimized thresholds and the labels have a T suffaturally, the use of a threshold improved the
performance of these estimators but invites a frisih the Grim Reaper.

Figure 12
Mean-Variance Plot for VRP Strategies Mean-Variance Plot for VRP Strategies
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In the first chart all the VRP strategies have alilbe same volatility because they switch betweBh X
and VXX both of which have about the same volatilit
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Which one is the best one to use? HVOL10 and HVQdr2labout in the middle so seem reasonably
robust and historical volatilities are much easdecalculate than EGARCH estimates. Maybe traders
use historical volatility when they price VIX fues so it is more predictive of the amount of VRP
traders are pricing in. So we use HVOL. But as ausovhen we smoothed HVOL10 by applying a 5
day moving average (to avoid trading whipsaws)dabHjVOL10S we got a better performer. Not only
that but as an extra bonus this strategy works wiél a zero threshold. That appeals as being more
elegant and removes one optimization parameter.

So as a representative of Strategy 4-VRP we uselHUS — the 10 day historical volatility smoothed
by applying a 5 day moving average.

9.5 Strategy 5 — Hedging (including Roll Yield Arbirage)

This hedging strategy is aimed at ETN provider# @sstoo complicated for most retail investors asd
outside the scope of this paper. But we are obligedention it because it showsignificant regime
risk.

Two beta-neutral strategies (called roll yield trdge) have been implemented by ETN providers —
tickersXVIX andXVZ. Two variations have been promoted in the litemttCVIX andCVZ. We
implemented these four strategies and found tlegt fililed dismally in Regime 5. This is a signifita
regime risk and must be discussed.

We overcame this risk with a dynamic hedging stwizalledBLVDLM . Its description makes for an
interesting read as it is useful to see what tmstraint of beta-neutrality or near beta-neutrality
achieves. Full details of all five strategies aréhie optional technical appendix.

9.6 Other Strategies

As will be explained below, volatility of the VIX M/ count as a drag on the returns of these straseg
So by incorporating volatility into trading rulesewean improve their performance. The best measure t
use for this is the standard deviation of the lbthe VIX (stdIVIX) over the last 21 days. This
incorporates both the volatility of the daily chasgn the VIX and the magnitude of the VIX in one
measure (since it turns out that the rules aretasmed by increasing magnitude of the VIX).

For example, instead of a rule
go long XIV when Vratio > 1
if we use the rule
go long XIV when Vratio > 1 and stdIVIX < 0.14

we can boost the returns of Strategy3-Roll Yielda@st to that of Strategy 4-VRP on back tested nstur
A similar rule change does not boost Strategy £2\¥Ruch at all. So we suspect that VIX volatility is
the missing ingredient that makes roll yield sig&s less effective than VRP strategies. Thises th
subject of ongoing research.

10. Risks
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The strategies we have discussed have producedvemasiirns. In this section we consider two aspect
of risk: (i) the risk of not getting these retuinghe future and (ii) the benefits of incorporatimese
returns into an existing portfolio.

One reason that these returns may not persisatshtd VRP itself may not persist. We think this
unlikely given that there will always be peoplelimif) to pay a premium to have someone else take on
their risk.

A second reason is that the size of the VRP masedse. This seems likely once people understand the
VRP better, feel safer with it, and more inves&esk to harvest it.

A third reason may be due to the mechanics ofuheds markets and ETNs and also regulatory matters
Alexander and Korovilas (2012b) discuss the “curdeETNS. They provide a technical discussion of
risks such as front-running of ETNSs, issuer moeadrd risks, credit risks, and liquidity risks. iyb
concern is that amplitude and frequency of votgtidycles have increased markedly since the
introduction of VIX futures ETNs which imposes toet risks.

Those three market risks are risks in the marlakihg into the future. As well as those there @&ks
that we observe from looking into the past. Theeefixe risks that we see:

(1) volatility drag

(i) timing synchronisation risk (especially volatilitycles)
(i)  VRP-roll yield risk

(iv)  regime change risk (including crises)

v) (sudden) drawdown risk (steamroller risk)

10.1 Volatility Drag

It is an inconvenient mathematical fact that whenoompound daily returns the compounded return is
reduced the more volatility there is in the dagyurns (Avellaneda and Zhang 2010). We call this
reduction in returvolatility drag because the higher the volatility the less thepmmded return.

Consider the following demonstration that occurdedng 2012. Volatility drag is always present but

this instance it stands out because the mean cl@lyge in both VIX and XIV during the period was
approximately zero.
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Figure 13

VIX (green) and XIV (orange) during 25 Mar 2012 to 15 Aug 2012 Expected Roll Yields for XIV during 25 Mar 2012 to 15 Aug 2012
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The left chart in Figure 13 shows the VIX and XIMriohg the period. The VIX had zero mean return
during the period so contributed roughly zero ® XV return. That means that all of XIV’s return
came from the roll yield. The right chart showsttte roll yield was significant during the periadd

the roll yield was never negative. We would exghat XIV would gain considerably during the period
since the roll yield was about 0.48ér day

Yet XIV went nowhere. The reason is that the vbtgtdrag cancelled out the roll yield. The
calculations that show that this is what happemeddit technical and are not necessary for an
understanding of the concept so have been relegatbe Technical Appendix.

We can estimate the volatility drag because iasell on the volatility of the VIX and the beta d¥/X

with respect to the VIX. Figure 14 shows the datyatility drag that we calculated for XIV. We see
that for much of the time volatility drag is cogfios return loss at a rate of about 10 to 20% peu,
occasionally rising to more than 80% per annum.

Of concern is that Alexander and Korovilas (201&port that the amplitude of volatility cycles is
increasing with time which means that volatilityadris increasing also.

Figure 14
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10.2 Timing Synchronisation Risk (TSR)

When the VIX futures term structure flicks frequgritetween contango and backwardation the
following synchronization scenario can happen: sgppne day we have contango and so are invested
in XIV. The VIX jumps and the structure goes intackwardation. XIV drops because the VIX has risen
(remember that XIV has a negative beta to the VBEcause we are now in backwardation we switch
into VXX. Then the VIX drops back to its originahe and the term structure returns to contango.
Because VXX is long VIX we lost money on that drop.

If we had stayed in XIV the two VIX moves would lawancelled out but because of the switch we
ended up losing on both moves. Since the VIX camemuite a few percent in a short time these
synchronization losses can be quite large.

The TSR is a cyclic risk in the sense that it adgurs when the term structure cycles between ngota
and backwardation. Alexander and Korovilas (20X2bj that the amplitude and frequency of volatility
cycles is getting worse so TSR risk may be gettiogse also.

s
vy (P \\%
/N

It appears, however, that we can reduce TSR byeqgpd moving average to our contango indid
which smoothes out the whipsaws. A good periodHeraverage appears to be about 10 days.

10.3 VRP-Roll Yield Risk (VRP-RYR)

As mentioned above, it is the VRP that providesreturns, not the roll yield. The VRP-RYR is thekri
we may incur when we pursue roll yield insteadnaf YRP. Although the two are correlated this
correlation can disappear — especially in timegIf volatility where the VIX frequently reverts tits
mean (and thereby denying us the roll yield — tiseiee rub).

This risk is easily measured since it manifestdfiss a tendency for the VIX to rise when the term
structure is in contango (and we are short the \aixg to fall when in backwardation (when we aregglon
the VIX). This causes a drag on our returns. Wernaasure this drag by pretending to trade the VIX
using our CoB trading rule and plotting the equailyve. The equity curve gives accumulated drag — it
measures the equity that accumulated to the Griap&e

We plot this accumulated drag for both the Vratid & RP strategies in Figure 15. When the drag curve
IS rising, as it is with the Vratio roll yield steggy the drag is working against us. But for thePVR
strategy (lower blue line) the drag is negative adally works in our favor. This accentuates our
claim that it is not roll yield that produces tleurns from the ETNSs, but the VRP.

It is interesting to note that the VRP-RYR drag haen largely zero for the Vratio strategy during
regimes 4 and 5. We wonder why.
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Figure 15
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10.4 Regime Change Risk

Mean-variance diagrams show returns and the vityatil those returns but they do not show the
clustering of those returns that give rise to baldl bear regimes. It is time now to look at sometgq

curves.

Figure 16 (left) shows the equity curves for therfoeta-neutral strategies of section 9.5.

Figure 16
Equity curves of four Roll-Arbitrage Strategies Equity Curves for Strategies 1 to 5
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Now we see the reason for introducing Regimes 3bardl four beta-neutral strategies had a
moderately good run till an atypical (and probatue-off) jump during regime 3. Then they continued
without drawdowns till the end of 2010 when, sudygetey started failing. Three of them declined
over the next two years and all of them have dedliover the last year. These failures will be aisthe
disappointment to the issuersX¥Z (inception August 2011 — the same time as the Zume crisis)
andXVIX (inception December 2010) because, after stet@pects, they have declined since
inception.

Remember that the strategies hedge VIX moves bggakpposing positions in short-term and mid-

term futures. The arbitrage comes from the fadttti@ashort-term futures provide more roll yiel@rh
the mid-term futures so there is still some ndtyield (i.e. alpha) left over after the hedging.
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But during Regime 5 the mid-term roll yield was tagh (there was more contango in them than usual)
and so the net roll yield was negative. This leathe decline of the strategies.

Why the extra roll yield since 2010? We don’t knderhaps it is due to effects of increased volume i
the futures markets and the introduction of the BWs which occurred mostly around that time.
Whatever the reason, it is a new regime.

Extra roll yield, of course, means extra profitakifrom the mid-term futures. This is particularly
evident for ZIV (see Figure 8) that has producedrres almost as high as XIV over the period buhwit
much less volatilityDuring Regimes 4 and 5 ZIV had Sharpe Ratios 2T @nd 1.48 while XIV had
1.62 and 1.04. So a notable jump for ZIV during iReg5.

Figure 16 (right) shows the equity curves for gigas 1 to 5. Now we see another regime risk -nduri
Regime 2 all strategies faltered. The reason isa@aecombination of Volatility Drag, Timing
Synchronization Risk, and VRP-Roll Yield Risk plasreasing times when VRP and Roll Yield are in
opposing directions. The TSR is particularly relg@vsince this regime had more contango /
backwardation cycles than any other regime. Sodhgield strategy is vulnerable during this regim

One may ask if Regime 2 was too turbulent to besting in volatility strategies. This was a timatth

the S&P500 experienced a 57% drawdown so theliatiStrategies 2, 4, and 5 managed to break even
indicates relative outperformance. Strategy 3-RiellY, alas, had a 68% drawdown so performed worse
than the S&P500. Contango / backwardation just’tiidork during Regime 2.

A useful note is that negative correlation of thesategies with the S&P500 comes from using VXX
and VXZ. These ETNs were used mostly during Redmdich is why the strategies mostly did better
than the S&P500. So apart from Strategy 3 we wetke desirable situation of being positively
exposed to the equities market when times were gaddchegatively when times were bad. This makes
for useful portfolio diversification.

Another useful note is that placing a ruler onabeve chart shows that, apart from the GFC regimes,
the slopes are remarkably equal for each regimis. silggests to us that the VRP provides an
underlying intrinsic rate of return that has noahed over the last nine years. If this is trua ihgives
us high confidence in the returns of the strategeesg mean-reverting so that drawdowns are likely
recover. Indeed, one wonders if the spectaculardiging Regime 3 is a form of mean-reversionlfier t
lack of return during Regime 2.

10.5 (Sudden) Drawdown Risk

As we edit this paragraph on 25 February 2013 Xa¥ suffered a 13.99% drawdown from the previous
clos€. Any volatility strategy that was long XIV wouldhtre suffered this loss. So it is reasonable to ask
— have we just been run over by a steamroller?

There have been 11 times since 2004 when our lladkKI1V has had a drawdown of more than
13.99% so this event occurs more than once a yeaverage. Our strategies 2,3,4,and 5 have had this
drawdown 3, 7, 6, and zero times respectively. Ygaathat these events are not “steamroller” events
because:

"It has actually been worse than that becausepéring price was $23.04 so the close of $19.1811%.85% drawdown for
the day.
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® they have occurred often enough that they have geentified (“once a year”) and do not
take us by surprise (in insurance no one has lioeise burn down every a year)

(i) due to the mean-reverting nature of the VIX we wét at least some of these losses back
when the VIX reverts back to its old level and sarhéhese gains will come quickly

Regarding point (i) we note that the opposite 4Ba9% loss is a 16.27% gaind this has happened
5, 3, 4, 3, and 0 times for the five strategiepeetively. A large spike in a mean-reverting agsebt
as dangerous as a spike in a trending asset.

What about drawdown risk that is not sudden sudh@92.6%, 43.2%, 68.7%, 54.7%, and 25.4%
maximum drawdowns for strategies 1 to 5 respect/&hey occurred over a time close to (and
somewhat earlier than) the GFC when the S&P500ratby 56.8% (ignoring dividends). So in that
context for strategies 2 to 5 the drawdowns aresteamroller events.

Even strategy 1 (buy and hold) was not serioudhcédd by its 92.6% drawdown. Some investors
would say that a 92.6% drawdown requires a 1251i%tgaget back even and that because 1251 is so
much larger than 92.6 the gain will take a congilller effort to achieve. But this is fallacious thing

and is only true if prices grow arithmetically.flct, prices grow geometrically so a 1251% gaijuss

as likely and requires as much time to achieve @& @06 loss (in faanorelikely andlesstime if prices
generally trend upwards).

For these reasons plus the fact that it is imptessilo X1V to decline to zero plus the low likelibd of
another GFC in our current “lifetime” we consideat steamroller risk does not exist or that this
particular steamroller has “spongy rollers” that nver us leaving us shaken and gasping but not
permanently harmed.

11. Portfolio Diversification

Given that our volatility strategies have low céatmns with the S&P500 we ask how well they can be
integrated into an equity portfolio and what is thgt proportion to use. We also look at integrati
with a bond portfolio.

It turns out that during the period studied the S&® performance was so bad that the optimal
allocation to any of the volatility strategies 30%. That is not very instructive so we also lobk a
portfolio combining the stellar performer Apple Wwitrategy 4-VRP. The other strategies 2, 3, and 5
produce similar results so we omit them. For thedgportfolio we combine 4-VRP with the AGG ETF.

The correlations between the four entities are

S&P500

4-VRP
AAPL
S&P500
AGG

Figure 17 charts show for the three assets hostiaepe Ratio and maximum drawdown vary as the
proportion of 4-VRP varies from 0 to 100%.

813.99 percent loss is (19.18-22.30)/22.30 and.6h27 percent gain is (22.30-19.18)/19.18
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Figure 17
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For the bond portfolio it looks like the optimalogportion of 4-VRP is about 10%. In particular ibsid
be noted that just a 10% allocation to 4-VRP dréaly increases the Sharpe Ratio from 1to 2.2 Th
improvement in the maximum drawdown is minor, hogrev

For the S&P500 the Sharpe Ratio is optimized a#d@ovVRP. The maximum drawdown is optimal at
about 35% 4-VRP. AAPL is optimized at higher prdmms.

The correlation-diversification effect of 4-VRPasident. By adding 4-VRP with a maximum
drawdown of 55% to AAPL with a maximum drawdown6d®b6 we get a combination with a maximum
drawdown of only 36%.

Of course, these results are largely one-time dag/to the special case of the GFC giving us negati
correlations by investing in VXX. Going forward weuld expect that the hedging effects would lessen.
But it is useful to know that the hedging kicksduring times of crisis.

12. Topics for Future Research

There is a limit to what can be achieved usingt&grias 1, 2, 3 and not a lot of potential for
improvement. For example, the roll yield can bedpred a little better and contango / backwardation
predicted a little better but not by much. We dreaaly using state of the art techniques for fiftin
dynamic linear models so there isn’t much roomiriggrovement in the dynamic hedging strategies
either.

In contrast, there is great potential in develogredictive models for the VRP and this is where ou
research is focused. Modern regression methodsasuSlupport Vector Regression combined with
Time Series Cross-Validation (or block bootstrapptoduce models thatedictwell rather thariit
well (so there is no danger of overfitting) arewhy good potential with the possibility of getting
Sharpe Ratios as high as 2 to 3.

We might have thought that VRPF would have beetebéir futures volatility trading strategies bt i

has turned out that VRPO is better. The relatignbletween the two is worthy of further research.
Combining the two may produce a better VRP th#reeione alone.
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Even so, the strategies from the predictive mostdlshave most of the weight in XIV and so are
subject to high drawdowns. Preventing drawdowresrissearch area that is more difficult to get tssul
in (predicting the machinations of European pahins is more of an art than a science). This is
especially so given that we have restricted oueselo exchange traded products so cannot dabble in
options and futures.

13. Summary and Conclusion

A summary table for our five strategies is beloweTwo figures for the number of trades using st
3-Roll Yield are 17.2 for the Vratio strategy bhistdrops to 3.3 when we use the 10 day moving
average version (Vratiol0).

CAGR is the compound annual growth rate. Meandésnlean daily retur(annualized by multiplying
by 252). STD is the daily standard deviation anizedl by multiplying by sqrt(252). MDD is the
maximum drawdown when measured daily. The Sharpe Rses zero as the risk-free rate.

CAGR % Mean % STD % Sharpe

Ratio

MDD %

S&P500
correlation

No. Trades
p.a.

1-Buy and Hold 314 43.7 56.5 0.77 92.6 0.78 0.1
2-Momentum 84.6 74.5 51.2 1.46 43.2 -0.15 26.1
3-Roll Yield 87.9 79.2 56.5 1.40 68.7 0.11 17.2 (3.3)
4-VRP 140.7 103.9 56.2 1.85 54.7 0.30 8.0
5-Hedged 43.2 39.1 25.2 1.55 254 0.01 Daily

There is a strategy for a variety of investors:

1-Buy and Hold: We included this strategy to give some confidathe¢ even though drawdowns may
be severe, in the long term they shouldn’t be fatéd don’t expect investors to actually use thiategy.
But we do note that if XIV is plotted every 4 yefnam 2004 the result is a straight line from $2i®.
One cure for drawdown is to not look at your resutwo often!

2-Momentum: This is purely technical trading based on prieechnical analysts may like to use this
method because they might feel that they can ingoovthe method. We have had reports that the True
Strength Indicator performs very well on XIV.

3-Roll Yield: Conservative fundamental traders will like thisthrod because it is based on the
fundamental contango / backwardation state of theket and the number of annual trades is low.

4-VRP: Aggressive fundamental traders will like this hut because it is based on the fundamental
Volatility Risk Premium. Aggression is required hase the number of trades is high and because the
VRP is difficult to measure and can only be estedat

5-Hedged This will appeal mostly to ETF providers who cford to rebalance every day and have
the software to calculate the Dynamic Linear Mduktause it achieves a Sharpe Ratio as good as the

® Astute observers will notice that in most cases@AGR exceeds the Mean which is unusual andesuatrof the non-
Gaussian nature of the returns
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other strategies but with lower drawdowns and zercelation with the S&P500 — all good selling
features.

Strategies 3 and 4 are repeated here:

3-Roll Yield:

if the 10 day moving average of VXV/VIX > 1 go long XIV else go long VXX
4-VRP:

if the 5 day moving average of (VIX - 10 day historical volatility) > 0 go long XIV else go long VXX

Note that although these two strategies are sutjdbe Grim Reaper the amount of optimization we
used was minor and the returns are quite robudifferences in the parameters so we don’t expect
much regression towards zero.

Regarding the conservative versus aggressive fuani@intrading we have had a position in XIV since
late 2011. The VratiolO rule gave a buy signal @Ottober and has not given an exit signal sinee.th
The investment has gone up 3.69 fold — that igwameof 269% in about 16 months with one trade.

We did not have the Strategy 4-VRP rule at thaetiBut had we started using it on that date the
investment would have increased 4.99 fold — a netiB99% using 12 trades. We consider this to be a
more aggressive strategy.

For portfolio diversification it seems that instezfda 60% equities, 40% bonds portfolio we would be
better to have something like 55% equities, 35%dspand 10% volatility. This boosts portfolio

performance, reduces its risks, and diminishesilplesdrawdowns from the volatility component. More
aggressive equity investors may wish to increase/tiatility proportion even higher.
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A. Technical Appendix — Dynamic Linear Models

This section is not part of the paper but serves r@$erence for the paper. We include it becatuse i
quite interesting and some readers may enjoype@ally the dynamic hedging strategy and the
discussion of volatility drag.

It is outside the scope of this paper to explaim@yic Conditional Correlation (DCC) and Dynamic
Linear Models and we refer readers to the referei&egyle (2009) and Campagnoli, Petrone & Petris
(2009) for details and to the open source stasissioftware Rift t p: / / ww. r - pr oj ect . or g) for
implementation.

A.1 Strategy 5 — Dynamic Hedging

Since our four ETNs have different betas with respethe VIX or S&P500 we can combine them to
produce beta-neutral strategies i.e. portfoliofwit beta zero. This may let us harvest the alptia
reduced volatility and may give us a greatly imma@\Sharpe Ratio. This strategy is called Roll Yield
Arbitrage by some practitioners but we prefer t® is@s hedging some of the volatility.

For example, if we use weights 0.327 and 0.67Xfy¥rand VXZ then from the table above we get

portfolio beta =0.327*(-0.441) + 0.673*(0.214) = 0.000
portfolio alpha =0.327*%(97.5) +0.673*(-19.1) =19.0%

So we still get some alpha whilst canceling outlib&. That's why it is called arbitrage.

We can go further than that, however. The abovghtiig is for the XIV VXZ pair. We can do the

same for the VXX ZIV pair and use strategy 3 totslwbetween each pair. That way we get beta neutral
versions of those two strategies. Alexander andiitas (2012a, 2012b) called these strateGiesX
andCVZ.

Other variations are the UBS Daily Long-Short VIXNEwith ticker XVIX which is an ETN that
follows a similar hedging strategy as does theliFP500 Dynamic VIX ETN with tickeXVZ . We
replicated CVIX, CVZ, XVIX, and XVZ using our folETNSs in our toolbox.

Further, we created one more hedged strategy lasviolinstead of assuming a fixed alpha and beta in
the regression of X1V returns versus VIX returnsagsumed that alpha and beta are time varying. We
can estimate the alpha and beta values using anblgnianear Model (DLM) (see, for example,
Campagnoli, Petrone, & Petris 2009). The concepinislar to rolling regressions but avoids the lags
that using a window length for those regressionsipees.

Once we had dynamic betas we created dynamic vegigltireate a beta-neutral pair XIV — VXZ and
VXX — ZIV. Then we used the dynamic alphas to séetvpair had the most positive alpha to switch
between the pairs.

It turns out that setting the net beta of the sggatto zero is far from optimal. By allowing thet heta to

reach a limit outside of zero we can increase ¢i@rms and Sharpe Ratio of the strategy. So ubmg t
DLM alphas and betas we adopt the strategy:
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choose weights to maximize the net alpha subject to the constraint that

-limit <= net beta <= limit

In Figure 18 this strategy produces the Siennaredlourve as the limit is varied from 0 to 1. WS4
the point on the curve with the highest Sharped=agiour representative for Strategy 5 and call it |
BLVDLM.

Figure 18
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The performance of the strategies is:

CAGR % Mean % STD % Sharpe MDD % S&P500

Ratio correlation

Xvz 13.5 15.3 23.2 0.66 33.7 -0.69
XVIX 8.0 8.2 9.2 0.88 25.2 -0.06
cvz 20.3 20.9 21.9 0.95 25.0 -0.55
CVIX 9.8 10.0 10.9 0.91 22.5 -0.41
BLVDLM 43.2 39.1 25.2 1.55 25.4 0.01

A.2 Dynamic Conditional Correlation

We could work out the correlation between two Malga over the last days and use that as an estimate
of the correlation for today. This is fine for cellations that are static but if the correlatiodysamic
then there is a lag &2 days in the calculation.

DCC removes this lag by using a linear model tlugitp a correlation for one day then models dettas
that value on a daily basis. This is similar to tinethodology used in GARCH models for volatilitydan
in fact DCC software can use GARCH fits in intermag¢el steps. So DCC models look like this:

R = (1_0'_,3)ﬁ+ agt—lgt‘—l-i-ﬂ R,

whereR is a long run mean correlatidR,, is yesterday’s correlatior, £, , is an update from today’s
market returns, and the and S are weights that we get from the fitted model.
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A.3 Dynamic Regression

Everyone is familiar with the static linear regtessy, = a + X where the subscriptindicates thak
andy values are collected over time. Threand B values are static values.

In a dynamic regression the and £ values are allowed to change with time. So welgetodel
Yo =a.+ B

In a time series of several thousand values therseveral thousang and S values to fit. That is
impossible and so we must assume thatgthend S values from one day are similar to theand
values for the next day. In other words we impbgedonstraint that the sequencenpfand 5, are

smooth sequences. For this paper we assumed ¢éhsedfuences are random walks and so the fitting
procedure seeks to fit the volatility of those ramdwalks. That means only two parameters had to be
fitted — the volatility of each sequence. Softwdnat fits this model often uses the Kalman Filter.

The results are shown in Figure 19 for the regoessf the returns of XIV and ZIV against the rewirn
of VIX. The beta comes from the exposure of XIV &l through the futures term structure to the
movement of the VIX and the alpha comes from thé?VR

Figure 19
XIV and ZIV Dynamic Regression Alphas XIV and ZIV Dynamic Regression Betas
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The alpha chart is the most interesting. It clealgws the negative alphas of the GFC and the Euro
crisis of 2011. It also shows the dramatic ris€df alpha during regime 5. It appears that in 2€1S
ZIV alpha has exceed that of XIV for the first tirmeer (considering positive alpha only).

A.4 Volatility Drag
We show here a chart of the VIX and XIV over a stgd period in 2012 where both series ended up

where they started. So VIX effects will be minoridg this period and most of our return will come
from alpha and not beta.

31



Figure 20 shows that the roll yield was considexahiring the period — averaging about 0.4% per day.
Since the VIX went nowhere then all the roll yiglds manifested as VRP and we collected it all. Yet
the return of XIV was zero over the period. All ttedl yield was cancelled out by volatility draget’s
explain how.
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Figure 20

VIX (green) and XIV (orange) during 25 Mar 2012 to 15 Aug 2012
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Assume, for simplicity, that alphas and betas tatcsand so letting be the daily return of the VIX and
y the daily return of XIV we have the relationshyp=a + £x wherea is the VRP. Let us have a look

at the returns of XIV for varying values of and £ for the period 25 March 2012 to 15 August 2012.
Figure 21 shows increasing returns as increasieldef red (“heat”).

Figure 21

XIV compound returns as a function of Alpha and Beta
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The magenta lines show the actual alpha (89.76%pata (-0.625) during the period. So we see that
there actually was positive alpha during the pedaond the annualized rate was quite high.

Now the technical bit: the compound returns of X¥a function of the alpha and beta are not a simpl
linear function. It is curved (approximately quadrawhich can be seen in the curved shape of dhar ¢
transitions. High absolute values of beta have taeirns (i.e. bluer colors). This is the effett o
volatility drag — the higher the leverage (beta thore the drag

Avellaneda & Zhang (2010) show that the shap@Bs@imately quadratic because it is a function of

B

The black curve shows the line of zero compoungrneBecause it curves upwards with increasing
beta it shows that we need more alpha to get aiy®seturn as beta increases.

Unfortunately the black curve almost passes thraughactual XIV alpha and beta values. So even
though our alpha is positive our actual compourrééain is close to zero.

As Hamlet would say: Aye, there’s another rub.

We can explain why XIV doesn’t surge inversely a&dplummets. If i is the mean daily return of
VXX and o its daily standard deviation then the compoundaty deturn of VXX is,u—%a2 and the

compounded daily return of the inverse XIV-g -4 0?. In both cases the volatility drag%Oz is
negative. The volatility drag is a function of thaatility o squaredwhich is why we get the quadratic

shape above. (Note that XIV and VXX have the sa?rzm

A.5 Maximum Drawdown Lies

Finally, just for fun we illustrate the equity cerdor a buy and hold position in XIV as measureergv
four years.

XIV from 30 March 2004 to 30 March 2012
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Drawdown? What drawdown?

9 This also occurs in leveraged ETFs which do ndope as one might expect — see Avellaneda & Zh@04.0)
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