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“My mojito in La Bodeguita, My daiquiri in El Floridita“
(Ernest Hemingway, http://en.wikipedia.org/wiki/Mojito).

Abstract:
The Mojito strategy was developed in [1].  The Mojito is an improved version of the S&P
Dynamic VIX futures strategy (see [2]). The general idea is to trade combinations of 
short- and mid-term VIX Futures indexes. The Implied-Volatility-Term-Structure (IVTS)
is used to define different volatility-regimes. The weights of the short- and long-term 
VIX Futures indexes are adjusted accordingly. In this work recent results (see [3] and [4])
on alternative IVTS measures are incorporated. Additionally the regime definition is 
improved and the calculations model real trading activities more realistically.

Revision-1:
Revision 1 is based on input given by Helmuth Vollmeier. Many thanks to Helmuth for  
sharing his results. There is a strong linear relation between the daily VXX and VXZ 
returns. The VXZ is hence redundant. One can trade the strategy with the VXX alone. 
Revision-1 is a complete new part which is added at the end of the original paper.
Note: I do not share my ideas because I am the good guy. I share them to get valuable 
feedback like this one. 

VIX based ETNs:

A very interesting addition to the ETF and ETN universe are VIX based ETNs. The VIX 
was introduced initially as a fear-gauge. The gauge was not tradeable. There is also no 
known practical method to replicate the VIX. In March 2004 the CBOE introduced VIX 
Futures. As the VIX can’t be replicated, there is – in contrast to most other futures – no 
known simple relation between the VIX and its futures. Additionally the VIX is mean-
reverting. If the VIX is below its long-term mean, the futures tend to trade higher. If the 
VIX is above the mean, the Futures trade lower. But the mean is probably not stationary. 
It changes over time. The only thing which can be said for certain: A very high VIX 
(>30) tends to fall and a low VIX (<15) tends to rise. The term-structure of the futures 
reflect this fact.
As the VIX can not be replicated, there are no direct VIX ETNs. The first successful VIX
based ETN was the iPath VXX in Jan. 2009. The VXX replicates the short term VIX 
Futures index constructed by S&P. One sells 1/30th each day of the most nearby future 
(the 1st) and buys the next (2nd) future for this money. In this way the futures are rolled 
over on a day by day basis. In Feb. 2009 the VXZ was introduced. The VXZ is based on 



the mid-term VIX Futures. The roll-over is done between the 4th and 7th VIX Future. A 
portfolio of mid-term futures contains therefore 4th to 7th futures.
For both ETNs it’s not the level, but the term structure of the VIX Futures which counts. 
If the 2nd future is more expensive than the 1st, the VXX looses. If the price of the 1st is 
higher, the VXX wins. The same holds for the VXZ. But this time the term-structure of 
the 4th and 7th future is relevant. Although only the futures term-structure is relevant, the 
movement of VXX and VXZ is nevertheless highly correlated with the movement of the 
VIX. The correlation of the daily returns between VIX and VXX is +0.92, between VIX 
and VXZ it’s +0.88. But the volatility of VIX is about 1.75 larger than VXX and 3.5 
times larger than VXZ. These relations are not fixed and depend on the VIX level. As a 
first approximation the VXX is a slightly and VXZ a medium damped VIX series. The 
correlation between VXX and VXZ is typically +0.9. But there are situations were the 
VXX and VXZ (and also VIX) move in different directions. But if the VIX moves up a 
considerable amount, both ETNs move up, too.
The VIX is in turn highly negatively correlated with the S&P. At the end, if the S&P falls
strongly the ETNs move up. But the relation depends also on the level of the VIX.
A more detailed description of the stylized facts of the short- and mid-term structure can 
be found in [5].
I developed after much trial and error a reasonable formula for the term structure for a 
given development of the VIX. But this formula is not very useful so far, because there is
no good way to predict the VIX. Probably the VIX can’t be forecasted at all. A more 
simple minded approach is to refine and improve existing trading strategies.

The Dynamic VIX Futures Index:

S&P defined in [2] the Dynamic VIX Futures Index (SP-Dynamic). The index is a 
weighted mean of the VXX and the VXZ. 
Note: The exact S&P-definition of the SP-Dynamic is based on the short- and mid-term structure index. 
The VXX and VXZ are replications of these  indexes. But for trading purposes one deals with the VXX and
VXZ. All the results are hence based on the performance of these 2 ETNs and not on the theoretical S&P-
indexes.

The weight depends on the implied volatility term structure (IVTS). VXV is the implied 
volatility of S&P-options with 3 month maturity. Besides the different maturity the calculation is 
the same than for the VIX. IVTS is defined as.

IVTS(t) = VIX(t)/VXV(t)    (1).

The weights between VXX and VXZ are determined by Table 1:

IVTS VXX Target 
Weight

VXZ Target 
Weight

<  0.90 -0.30 0.70
<= 1.00 -0.20 0.80
<= 1.05  0.00 1.00
<= 1.15  0.25 0.75
>  1.15  0.50 0.50

Table 1: The Dynamic VIX Futures Index weights as defined in [2]



The numbers in Table 1 are only target weights. The actual allocation is changed by 
0.125 per day. If the IVTS increases from 0.88 to 0.95, the allocation is changed 
immediately from -0.3/0.7 to -0.2/0.8. But if IVTS jumps to 1.10, the new target weights 
0.25/0.75 are only approached in 0.125 steps. If the IVTS changes in between, the steps 
are changed towards the new target. In this way IVTS spikes are smoothed away. 
The logic behind the rules is: If the VIX is smaller than VXV, the market expects an 
increase of VIX in the mid term. Note that this is not the increase of the VIX due to any 
market movement. In this case the VXV moves too. It’s a measure of the mean-reverting 
behavior of VIX. The 2nd future is in this case more expensive than the 1st. The futures are
in contango. VXX looses in each rollover-step money and hence VXX is falling. One 
goes therefore the VXX short. The VXZ loses too, but the term structure between the 4th 
and 7th future is less than between the 1st and 2th. The long VXZ is a hedge against 
sudden VIX spikes (S&P-500 drops). Generally the fat-tails of VIX and its related 
products are on the upside. 
The last row in Table 1 means: The VIX is considerable larger than the VXV. The futures
are hence in backwardation. The market expects a considerable drop in volatility. The 1st 
future is more expensive than the 2nd . The VXX (usually also the VXZ) should win. 
Therefore one goes both long. The rows in between are an interpolation. The basic 
assumption of this strategy is: IVTS contains predictive power for the future VIX 
development.
The XVZ ETN is a replication of the Dynamic Futures index. It was introduced by 
Barclays on 2011-08-18.
For this study the performance is calculated from 2009-02-24 to 2013-05-14. The VXX
was introduced at 2009-01-30, the VXZ at 2009-02-20. The ETNs gained immediate 
popularity. The calculation starts with initially 100.000$. The current value of the
index is multiplied by the weights and divided by the current price. The volume of the
VXX and VXZ is rounded down to integers. This represents (very) small trading costs.



Graphic-1: Performance of  SP-Dynamic from 2009-02-24 to 2013-05-14.
The second panel shows the Drawdown, the third the IVTS.

As can be seen in Graphic-1, the SP-Dynamic performs quite well in the Aug. 2011 
crash. But it is constantly losing in the following recovery. Over the whole period its 
performance is flat. It starts with 100.000$ and ends with 98,425$. The SP-Dynamic is an
excellent hedging-instrument if one is the market long. It hedges well in crashes and it 
has relative low costs in normal times. But it is not really an appropriate investment of its 
own.

Graphic-2: Orange SP-Fixed, Yellow SP-Dynamic.

The S&P 500 VIX Futures Term Structure Index (SP-Fixed) has quite a different 
behavior. The index does not adjust the weights between VXX and VXZ. It always goes 
with a weight of -0.5 the VXX short and the VXZ with a weight of 1.0 long. The UBS 
Daily Long-Short VIX ETN XVIX tracks this index. This index wins in contango. But it 
looses during a crash. The final value is 144,276$ or a win 44.2%. The SP-Fixed does not
perform well in the last months since Sep. 2012. The same holds for the SP-Dynamic. 
But also the much more efficient Mojito (see below) has some problems in this time span.
There is a relative flat Term-Structure with some sudden VIX spikes in between. 
But generally the SP-Dynamic is an ETN for times of troubles, the SP-Fixed is 
appropriate for normal market regimes. The Dynamic ETN3-Index of Carol Alexander 
tries to exploit this fact (see below).



The Mojito 2.0 Strategy:
The Mojito tries to blend the best of these two approaches. It is a dynamic-strategy. But it
is considered as a strategy of its own. It is not intended as a hedge for a market-long 
position. The Mojito should win in all market-regimes. Besides the IVTS of (1) the 
Mojito 2.0 uses additionally the volatility-ratios

VR_0_30TS(t) = VIX(t)/VIXFuture30(t) (2)
VR_30_45TS(t) = VIXFuture30(t)/VIXFuture45(t) (3).

VIXFuture30 is the value of a VIX Future with a maturity of 30 calendar days. Usually
such a Future does not exist. In this case it is the weighted mean between the 2 nearest
Futures (see [4]). VIXFuture45 is the value of a VIX Future with maturity 45.

IVTS VXX 
Weight

VXZ 
Weight

<= 0.92 -0.60 0.40
<= 0.94 -0.46 0.54
<= 1.005 -0.36 0.64
>  1.005  0.50 0.50

Table-2: Mojito-Medium: IVTS Thresholds and Weights.

In comparison to the original strategy in Table-1 the thresholds for the groups are shifted 
down. Already a slightly positive VIX Term-Structure (backwardation) leads to the 
highest group. The overall beta between VXZ and VXX returns is 0.45. But beta depends
on the VIX level. The weight ratio of -0.36/0.64 corresponds to a neutral outlook. The 
neutral ratio is chosen in the third row when the IVTS is between 0.94 and 1.005.  In the 
bottom row one expects rising, in the first and second row falling values. 
As can be seen in Graphic-3 the Mojito-Medium performs indeed in all market-regimes 
quite well. The final value is 569.674$ or + 469.7%. But as already noted above for the 
SP-Dynamic the strategy does not perform so strong since Sep. 2012.

Instead of the IVTS one can use the VR_0_30TS volatility-ratio. Table-3 shows the 
thresholds and weights. The only difference to Table-2 is the threshold 1.0 (instead of 
1.005) in the bottom row. 

IVTS VXX 
Weight

VXZ 
Weight

<= 0.92 -0.60 0.40
<= 0.94 -0.46 0.54
<= 1.00 -0.36 0.64
>  1.00  0.50 0.50

Table-3: Mojito-Medium: VR_0_30TS Thresholds and Weights.

As can be seen in Graphic-4 the Mojito-Medium with the VR_0_30TS clearly beats the 
IVTS based strategy (yellow line). The faster response of the VR_0_30TS is essential for 
the Mojito. The final value is 756.461$. 



Graphic-3: Mojito-Medium IVTS from 2009-02-24 to 2013-05-14.

Graphic-4: Mojito-Medium VR_0_30TS from 2009-02-24 to 2013-05-14.



Another alternative is the VR_30_45TS. This measure reacts slower than the IVTS. One 
has also to define different thresholds (see also [3]).

IVTS VXX 
Weight

VXZ 
Weight

<= 0.97 -0.60 0.40
<= 0.98 -0.46 0.54
<= 1.00 -0.36 0.64
>  1.00  0.50 0.50

Table-4: Mojito-Medium: VR_30_45TS Thresholds and Weights.

As can be seen in Graphic-5 the overall performance of the Mojito-Medium with the 
VR_30_45TS volatility-ratio is close to the IVTS based strategy (yellow line).
But the performance differs in between. The VR_30_45TS does quite well in the 
recovery phase after the Aug. 2011 crash. This is inline with the results in [4]. But it is 
less effective than the IVTS in the last period since Sep. 2012. The VR_30_45TS reacts 
slower than the IVTS. This was an advantage in autumn 2011, but is suboptimal in the 
last months.

Graphic-5: Mojito-Medium VR_30_45TS from 2009-02-24 to 2013-05-14.



The Mojito 2.0 Aggressive:

The Mojito 2.0 Aggressive weights the short VXX in bull markets (low IVTS) higher. It 
is otherwise identical to the Mojito 2.0 Medium. 

IVTS VXX 
Weight

VXZ 
Weight

<= 0.92 -0.7 0.30
<= 0.94 -0.46 0.54
<= 1.005 -0.36 0.64
>  1.005  0.50 0.50

Table-5: Mojito-Aggressive: IVTS Thresholds and Weights.

Graphic-6 shows the performance of the IVTS based version. The final value is 
886.482$. The different weights in bull-markets makes in the long run quite a difference. 

Graphic-6: Mojito-Aggressive IVTS from 2009-02-24 to 2013-05-14.

IVTS VXX 
Weight

VXZ 
Weight

<= 0.92 -0.7 0.30
<= 0.94 -0.46 0.54
<= 1.00 -0.36 0.64
>  1.00  0.50 0.50

Table-6: Mojito-Aggressive: VR_0_30TS Thresholds and Weights.



The VR_0_30TS version differs as before only at the threshold in the bottom row. 
Instead of 1.005 the critical bear market threshold is 1.0. The faster response of the 
VR_0_30TS is for the Aggressive even more important. The final value is a whopping 
1.142.968$. Graphic-7 shows the performance. The yellow line is the IVTS based version
of Graphic-6. The VR_0_30TS does also a reasonable job in the last period.

Graphic-7: Mojito-Aggressive VR_0_30TS from 2009-02-24 to 2013-05-14.

The Aggressive with VR_30_45TS volatility ratio is tuned in the same way. 

IVTS VXX 
Weight

VXZ 
Weight

<= 0.97 -0.70 0.30
<= 0.98 -0.46 0.54
<= 1.00 -0.36 0.64
>  1.00  0.50 0.50

Table-7: Mojito-Aggressive: VR_30_45TS Thresholds and Weights.

Graphic-8 displays the performance of the Mojito-Aggressive with VR_30_45TS 
volatility-ratio. The pattern is practically identical to the Mojito-Medium. Over the whole
period the VR_30_45TS is slightly worse. The slower moving VR_30_45TS does a 
better job in the recovery phase after the Aug. 2011 crash. The IVTS is superior in the 
last period since Sep. 2012.



Graphic-8: Mojito-Aggressive VR_30_45TS from 2009-02-24 to 2013-05-14.

Graphic-9: Mojito-Fixed from 2009-02-24 to 2013-05-14.



Graphic-9 shows for illustrative purposes the performance of a strategy which uses the 
fixed -0.36 VXX and 0.64 VXZ Ratio. The strategy is indeed almost neutral. The wins 
and losses are in comparison to the other strategies minor. But the graphic shows also, 
that the beta between VXX and VXZ is not constant. The strategy wins in the first time-
period and looses in the last. This reflects the shift in the Volatility-Term-Structure. The 
Term-Structure has become flatter in recent time.

The ETN3-Strategies of Carol Alexander:

Carol Alexander defines in [5] the XVIX (SP-Fixed) and XVZ (SP-Dynamic) as ETN2    
strategies, because they use VXX and VXZ as building blocks for a new strategy. An 
ETN3 strategy is build (conceptually) on top of XVIX and XVZ. Practically one would 
use the more liquid VXX and VXZ. This is also done in the calculations. The XVIX and 
the XVZ have different characteristics. The XVIX performs well in a quiet, upside 
market with the VIX futures in contango. The XVZ excels in crashes.
The static CVIX uses a weight of 0.75 for the XVIX and 0.25 for XVZ. The – not very 
spectacular – performance is hence a mixture of this two ETN's.
The dynamic CVZ invests 100% in XVIX when the IVTS < 1.0 (contango-situation) and 
switches completely to XVZ if the IVTS >= 1.0 (backwardation).
This boils down to the weights in Table-8.

IVTS VXX Target 
Weight

VXZ Target 
Weight

<  1.00 -0.50 1.0
<= 1.05  0.00 1.00
<= 1.15  0.25 0.75
>  1.15  0.50 0.50

 Table-8: CVZ:  IVTS Thresholds and Weights.

The CVZ clearly outperforms the S&P-Dynamic (and the fixed-weight S&P Term-
structure). But the performance is with a final value of 173,429$ not on par with the 
Mojito. Most of the time the XVIX with the weights of -0.5 and 1.0 is selected. The 
strategy switches only in crash-periods to the XVZ. But this few short periods make a 
large difference. The CVZ has again problems in the last time period since Sep. 2012.



Graphic-10: Performance CVZ to S&P-Dynamic (yellow)

The Rebalance Effect:

Graphic-11: Orange Mojito-Aggressive VR_0_30TS. Yellow without daily Rebalance



Even if the weights do not change, one has to rebalance the position because the prices of
VXX and VXZ move differently. To reduce trading one could set the volume constant as 
long as one stays within the same volatility-regime. One ignores the weight-thrift. In [3] 
and [4] this had a relative small impact on the performance. As can be seen in Graphic-11
this is not the case for the Mojito. The VXX and VXZ move too fast. One has to do daily 
readjustments. 

Revision-1: The VXZ is redundant:

The starting point of the original investigation was the S&P Dynamic VIX-Futures 
strategy. This strategy uses the VXX and the VXZ. Hence it was natural to continue the 
work with this pair too. I did not notice, that there is in fact a close linear relationship 
between the two ETF's. See Graphic-12. This fact was pointed out by Helmuth 
Vollmeier. 

Graphic-12: y-Axis Daily-Returns of VXX, x-Axis Daily-Returns of VXZ

The linear regression was additionally calculated for different VIX and IVTS Regimes. 
For calculating the parameters the standard OLS and the robust Theil-Sen estimator were 
used. The Theil-Sen parameters are less sensitive to single outliers (second last column in
Table 9). R-Squared is in almost all regimes higher than for the overall regression. The 
slope is almost independent from the VIX level, it depends slightly on the IVTS and 
especially on the combination of the VIX and the IVTS. But the variations are relative 
minor. The linear dependency is of the same strength than the relation between the SPY 
(S&P-500) and the QQQ (Nasdaq-100).



Table-9: Linear Relation of VXX- to VXZ-Return for different VXX and IVTS Regimes 

Graphic-13: VXX (orange) and VXZ (yellow) from 2009.02.24 to 2013.06.03
Middle chart: Alpha, Bottom chart: Beta.

Graphic 13 shows the performance of the VXX and VXZ over the whole time-range. The
charts below show the calculation of Alpha and Beta with a rolling window. This result 
indicates that the linear-regression is somewhat time-dependent. Beta was in 2010 
considerable lower than in the last time. But the relationship stabilizes over time. Or in 
other words: The VIX futures term-structure is time-dependent.

N OLS-a0 OLS-a1 OLS-R2 TS-a0 TS-a1 TS-R2
0.00 99.90 0.00 9.99 1071 -0.0014 1.820 0.851 -0.0014 1.803 0.851
0.00 99.90 0.00 0.92 665 -0.0029 1.753 0.778 -0.0027 1.73 0.778
0.00 99.90 0.92 1.00 298 -0.0013 1.795 0.858 -0.0017 1.828 0.858
0.00 99.90 1.00 9.99 108 0.0052 1.832 0.916 0.0079 1.853 0.916
0.00 20.00 0.00 9.99 527 -0.0009 1.862 0.786 -0.0011 1.793 0.785
20.00 30.00 0.00 9.99 374 -0.0024 1.823 0.864 -0.0023 1.825 0.864
30.00 99.00 0.00 9.99 170 -0.0003 1.776 0.902 -0.0002 1.802 0.902
0.00 20.00 0.00 0.92 446 -0.0023 1.777 0.752 -0.0023 1.746 0.752
0.00 20.00 0.92 9.99 81 0.0039 1.992 0.848 0.0029 1.89 0.846
20.00 30.00 0.00 0.92 218 -0.0039 1.728 0.82 -0.0029 1.71 0.819
20.00 30.00 0.92 1.00 131 -0.0033 1.884 0.906 -0.0035 1.938 0.905
20.00 30.00 1.00 9.90 25 0.0129 1.82 0.923 0.0144 1.835 0.923
30.00 99.00 0.00 1.00 90 -0.0031 1.595 0.837 -0.0042 1.683 0.835
30.00 99.00 1.00 9.90 80 0.002 1.824 0.924 0.0062 1.842 0.924

VIX-Min VIX-Max IVTS-Min IVTS-Max



An immediate conclusion of the linear relationship is: There is no need for the VXX and 
VXZ pair. One can implement the strategy with the VXX alone.
Graphic-14 shows the performance of the original Mojito-Aggressive with the 
VR_0_30TS (orange) and a pure VXX implementation (yellow). The corresponding 
weights are in table-10. The weights were in a first step calculated from the linear 
regression and then tweaked somewhat to get almost the same final result. This 
compensates the time-variation of beta. 

IVTS VXX 
Weight

VXZ 
Weight

<= 0.92 -0.6 0.0
<= 0.94 -0.16 0.0
<= 1.00 -0.03 0.0
>  1.00  0.79 0.0

Table-10: Mojito-Aggressive-VXX-only: VR_0_30TS Thresholds and Weights.

Graphic-14: Mojito-Aggressive VR_0_30TS. Orange VXX/VXZ, yellow VXX-only
 

If the IVTS is between 0.94 and 1.00, the weight is almost Zero. In fact one can set it to 
Zero with minor impact on the overall performance. In the original setting the weights 
were set to a neutral combination. Graphic-15 shows the difference for October to 
December 2012. The pure VXX solution is of course smoother. The combination of VXX
and VXZ gets it over a longer time-period also right. It makes not much sense to simulate
in a complicated way the effect of staying on the sideline.



Graphic-15: Mojito-Aggressive VR_0_30TS. Orange VXX/VXZ, yellow VXX-only
Oct-Dec. 2012

There is of course no need to restrict the weight of VXX to -0.6 and 0.79. The Very-Aggressive 
VXX-only sets them to -1.0 and +1.0. See Table-11.

IVTS VXX 
Weight

VXZ 
Weight

<= 0.92 -1.00 0.0
<= 0.94 -0.16 0.0
<= 1.00 -0.03 0.0
>  1.00  1.00 0.0

Table-11: Mojito-Very-Aggressive-VXX-only: VR_0_30TS Thresholds and Weights.

The Very-Aggressive dwarfs the Aggressive (see Graphic-16). But it is of course at the 
same amount more risky. 



Graphic-16: Orange Mojito-Very-Aggressive VR_0_30TS. Yellow Mojito-Aggressive 

The Rebalancing-Effect:

The results in Graphics 14 to 16 were calculated without daily rebalancing. One 
rebalances only if the regime/weights change. As a first guess one could assume that 
rebalancing has no effect for the pure VXX strategy. VXZ is never traded. But this 
argument is only valid for the positive weights. The index and the price grow at the same 
amount. For negative weights, the index increases if the price falls. For rising prices it is 
the other way round. Hence one increases/decreases the volume of the short position even
within the same regime. 
The long-term effect is quite large. Graphic-17 shows the pure VXX- Aggressive without
(orange) and with daily rebalancing (yellow). The final value of the first strategy is 
866,137$. Daily-Rebalancing increases this value to 1,121,530$.



Graphic-17: Orange Mojito-Aggressive VR_0_30TS. Yellow with Daily Rebalancing 

Conclusion:

The Mojito is a very attractive strategy. The Mojito is – like the other presented strategies
– no big science. One calculates each day shortly before the close the IVTS, the 
VR_0_30TS or the VR_30_45TS. Looks up in Table 3 or 6 the weights and adjusts the 
position accordingly. The VXX and VXZ are liquid ETNs and have a relative small 
spread. If one can't short the VXX (the VXZ is always long) one can also go the XIV 
ETN long. The XIV is the short-VXX. The trader must decide which operation is more 
convenient and generates lower trading cost. The VR_0_30TS is clearly the best signal.
But it should be noted, that the performance has deteriorated somewhat in the last few 
months. It is unclear of this is a just a transient or a permanent change in the overall 
behavior of the Futures Term structure. In any case it is unlikely, that the excellent 
performance at the begin can be continued forever. 
The probably best strategy is the Mojito-Aggressive with the VR_0_30TS. This strategy 
had also in the last year a performance of 47.2%.  The strategy is not without risk, but it 
promises quite some fun.

Conclusion for Revision-1:

The new results clearly show that trading the VXZ is redundant. Instead of trading 
according to table 6 one should use table 10. For negative weights daily rebalancing pays 
off in the long run.
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