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Abstract:
Barunik and Malinska apply in [1] the bond term-structure forecasting model of Diebold and Li [2] to
crude oil Futures. But they report only statistical results and do not apply the model to trading calendar
spreads. This paper addresses this logical next step. The performance is compared to strategies which
are based on different rolling-strategies. Basically one shorts a less efficient rolling-strategy and goes a
more efficient long. Both methods boil down to similar trading behavior and have hence also a
comparable performance. The performance is in the time range from 2011-01-01 till 2016-11-18 quite
reasonable.

The Crude-Oil Term-Structure Model:
Diebold and Li applied in [2] the Dynamic Nelson-Siegel model to the term-structure of government
bonds. This model fits to diverse shapes of the term-structure. It has only 3 parameters which are
straightforward to explain and interpret. The parameters are also relative independent of each other.
Forecasting the term-structure is done by forecasting the individual parameters. This simple method is
for government bonds superior to other more sophisticated models. Barunik and Malinska apply this
approach in [1] to crude oil Futures.

p(τ)= β0 + β1*((1-e-λτ)/(λτ)) + β2*(((1-e-λτ)/(λτ))-e-λτ) (1)
p(τ) is the price of a crude oil Future with a time to maturity of τ=30, 60, 90,…,720 calendar days. The
parameters β0, β1 and β2 are interpreted as coefficients on level, slope and curvature. The parameter λ
determines the influence of β1 and β2 at different points of the term-structure. Usually there is no Future
with a maturity of exactly 30, 60 …. days. One gets the price by linear interpolation of the two most
nearby Futures. Extending the maturity to 720 calendar days is reasonable for an exercise in modelfitting, but it is not reasonable for developing a trading strategy. Beyond the 12th Future only the June
(M) and the December (Z) delivery months have sufficient liquidity. All commodity indexes restrict
either the set of eligible crude oil Futures to 12-months or they contain like the S&P GSCI Dynamic
Roll Methodology special tables which roll longer maturities to the next M- or Z-Future.
I have therefore restricted the range to a maturity from 30 to 360 days. For trading only shorter (6th
month) Futures it is even preferable to restrict the range to 305. If one restricts the maturity one has to
increase the points in between. I got the best results with a step size of 7 calendar days. The termstructure is always calculated at the same weekday. The curvature parameter λ can be optimized for
each time step. But this adds a lot of complexity to this otherwise simple linear problem. λ is hence set
in the literature to a reasonable constant value. In this investigation λ is always 0.00425. I have
determined this value in a preliminary stage before implementing the trading strategy to reduce the
effect of data snooping.

Graphic-1: Empirical- and NS-Term-Structure in July 2013, 2014 and 2015
Graphic-1 shows the Nelson-Siegel (red) and the empirical (yellow) term-structure for WTI-Crude Oil
(ticker CL) at 2013-07-17. The green and light-blue line show the term structures at 2014-07-23, the
dark-blue and purple line at 2015-07-22. The term-structure has moved from backwardation to
contango. Contango is generally the dominating condition since the crash of 2008. This puts a heavy
burden on long only ETFs like the popular USO.
The NS-model handles the different conditions in a reasonable way.

Graphic-2: β0(red), β1 (yellow) and β2 (green) from 2011-01-01 till 2016-11-16
Graphic-2 shows the time series of the model parameters from 2011-01-01 till 2016-11-16. Diebold and
Li use a simple AR-1 Model to forecast each parameter separately. The forecast is not improved if one
tries to forecast the parameters with a VAR-model. Barunik and Malinska come to the same conclusion.
But they use for each time-series an involved neural network approach. Unfortunately they do not
specify the details of their method, but refer only to general neural-network literature. Probably they
have used a library routine without really understanding what’s going on under the hood. Neural
Network forecasters are usually only superior for chaotic time series. They tend to over-fit relative
simple ones like the parameters in Graphic-2.
I used like Diebold and Li a simple AR-1. The estimation uses a sliding window of the last 156 weeks

(last 3 years). The parameters are not estimated with plain OLS but with a LAD (Least-AbsoluteDeviation) Lasso. This estimator is more robust and stable than OLS. It is a work-horse in most of my
statistical work. Estimating a LAD-Lasso is theoretically quite involved, but practically very simple if
one uses the Differential-Evolution (or a similar) heuristic. Differential Evolution is easy to implement
and produces for most optimization problems excellent solutions which are often superior to gradientbased methods. The time overhead is on modern computers no issue.
I tested initially with a monthly forecast of the term-structure. But the result was obviously of little use
for trading purposes. I got more useful results by calculating the parameters each week on Wednesday
and forecasting ahead to the next Wednesday. Wednesday has the least holidays. The main point is that
the inventory-report is released at this day.

Graphic-3: Forecasted and NS-Term-Structure in July 2013, 2014 and 2015
Graphic-3 shows the NS term-structure at the same dates as in Graphic-1. Red is the TS at 2013-07-17,
yellow the weekly forecast made at 2013-07-10. The light-blue line is the TS at 2014-07-23 with the
green forecast made at the16th, the dark-blue shows the TS at 2015-07-22 and purple the forecast made
at 2015-07-15.
The same can be done for Brent Futures. The backwardation and contango regimes differ somewhat.
But overall the results are similar. WTI has in the considered time range in general a steeper termstructure with also more curvature. It has therefore for trading purposes an edge.

Weekly Term-Structure Trading:
One calculates at each Wednesday the NS-Term-Structure, forecasts the TS of next Wednesday. One
selects a fixed pair of Futures. Typically the 2nd and 6th or the 2nd and the 12th. One calculates for each
Future the weekly return due the movement of the TS itself and due the effect that the Futures have
moved down the TS. One goes the Future with the higher weekly return long and the other short. Next
Wednesday the procedure is repeated. If the 2nd and 12th Future has not changed (it moved just 7 days
down the TS) and the long-short relation is the same, nothing is done, the calendar spread is traded one
week further. If the term-structure has turned around and it is now profitable to reverse the short and
long position, the position is either closed or indeed turned around. The decision is based on the
estimated return. If the return is less than a given threshold (0.3%) the position is closed. If the model
forecasts a larger return, the position is turned around. This rule should prevent weekly flip-flops. Even
if the model is right the trading costs eat up the small projected profits. The same rule applies if the
position is currently closed because the last change of sign was not sufficiently large. The situation is

handled differently if one has to roll the Future anyway, because the 2nd Future is now the 1st (and the
12th the 11th). In this case the position is always opened irrespective the size of the estimated return. The
strategy roles always every month (every 4th or 5th Wednesday). But it tries to avoid weekly trades to
minimize trading costs.
The assumed trading costs are per trade 15$ for the 1th and 2nd Future (10$ for the minimum spread of
0.01 and 5-$ as a catch-all for additional costs), 25$ (0.02 spread plus 5$) up to the 4th and 35$ for the
5th to the 12th Future. A 2nd and 6th or 2nd and 12th calendar spread has therefore round trip costs of 100$.
Or with other words: The return of the spread must be at least 0.1% to be – after trading costs –
profitable. It is hence essential to avoid weekly-flip-flops. If the position is closed premature the
trading costs do not increase in relation to the regular monthly roll-over. One just can’t make any
profits (and losses) when standing on the sideline.

Graphic-4: Performance of WTI calendar-spreads from 2011-01-01 till 2016-11-18
Graphic-4 shows the performance of different WTI calendar-spreads. Red is the 2nd and 5th Future.
Yellow the 2nd and 7th, green 2nd and 9th, light-blue the 2nd and 12th, dark-blue the 4th and 12th. One starts
with an initial capital of 10.000.000$ and trades each week 60 Futures short and long.
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Graphic-5: Performance of Brent Calendar-Spreads from 2011-01-01 till 2016-11-18
The term-structure of the WTI and Brent Futures moved at different times from contango to
backwardation and back to contango again. The strategies have at different time-periods their topperformance. To exploit this effect I tried also a strategy which is not restricted to a WTI or a Brent
calendar spread. The calculation is done for both Futures independently and one can go also the 2nd
Brent short and the 12th WTI long. The approach did not work properly. The combined model is not
stable. The best combination jumps around too much. One can reduce this problem by introducing
additional constraints. But I had the feeling that this just an exercise in data-snooping and the final
result will not work properly in the future. But I have applied the idea with promising results for some
of the strategies considered below.

Monthly-Term-Structure Trading:
The weekly adjustment of the calendar spreads is an uphill battle against the trading-costs. The most
trivial solution is to adjust monthly. One simply rolls over the Future like this is also done in first
generation commodity indexes and the corresponding ETFs (e.g. the USO). But forecasting the termstructure like in the weekly trading strategy did not work satisfactory. It is considerable better to use the
present NS-Term-Structure and to assume that one moves down along this curve. One could use also
the current empirical Term-Structure. But using the smoother NS-Term-Structure performs better.
Rolling over the position is done at the 3rd trade day of each month. I knew from a previous study (see
[4]) that this is a reasonable choice. The GSCI methodology rolls from the 5th to the 9th trade day ([3]).
It is preferable to roll over either before or after the GSCI-roll. One could – like in the popular indexes
– distribute the roll over several days. The indexes roll over during a whole period to reduce the impact
of front-running (see [5]). We don’t have this problem and it is possible to roll with a single transaction.
The table shows the performance of the monthly
strategies. In the first 2 rows trading is restricted to
a plain WTI-spread. The result can be improved if
one can also trade spreads where one side is a
Brent- and the other side a WTI-Future. It is
advantageous to omit the most nearby Future and trade the 4th and 12th pair (see 4th row in the table).
The red line in Graphic-6 corresponds to the first row of the table, the yellow to the 2nd, the green to the
3rd and the light-blue line to the 4th.
Near Far Futures
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4 12 WTI-Brent
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Graphic-6: Performance of Monthly Calendar-Spreads from 2011-01-01 till 2016-11-18

USO and USL:
When the first generation of commodity indexes were developed little thought was spent on the rolling
methodology. Most Futures were in backwardation. One rolled the most nearby Futures (see [6]). But
this has changed in 2008 and most commodities are since then – most of the time – in contango.
Graphic-7 shows the poor performance of the ETF USO in the last years. The USO is a first generation
index. Interestingly it is still the most popular crude-oil ETF. The USL tries to reduce the effect of
contango. It holds the 2nd to the 12th Future. Each month the 12th Future is rolled-in and the 1st Future is
rolled-out. The USL has in times of contango a clear edge over the USO.

Graphic-7: Performance of USO (red) and USL (yellow) from 2011-01-01 till 2016-11-18
The most trivial term-structure strategy is hence to go the USO short and the USL long. This results in
a P&L of 15.2%, a Sharpe-Ratio of 0.55 and a max. relative Drawdown of 6.5%. The results contain no
trading and especially no shorting-costs. The strategy has it’s major drawdown in June-July 2013. The
WTI-Futures were at this time in backwardation. One can replicate the strategy with Futures. If one
uses the same setting as above – an initial capital of 10.000.000$ and trading of 60 Futures long and
short, rolling over at the 3rd trade day, one gets a P&L of 14.9%, a Sharpe-Ratio of 0.61 and a
Drawdown of 5.0%. The numbers are not identical because there is a different leverage and a different

Graphic-8: Performance of USO-short and USL-long from 2011-01-01 till 2016-11-18
roll day. I don’t know if the trading costs of the ETFs are below or above the assumptions made in this
paper. In any case one can trade the term-structure of the last years with a rather trivial approach.

DBLCI Optimum Yield:
There have been several more sophisticated and – under the market conditions since 2008 – clearly
superior roll indexes developed. But it is interesting to note than the by far most popular crude oil ETFs
USO, DBO and USL don’t use them. There is a strong negative correlation between Net Assets and
performance. The DBLCI Optimum Yield (see [7]) is according my investigation in [4] a very
promising roll strategy. The original methodology calculates on the 1st trade day of each month the rollstrategy and rolls the entire position from the 2nd to 6th trade day. To be inline with the other approaches
the decision is made in this investigation at the 2nd trade day and the entire roll is done on the 3rd. Like
before, the DBLCI-Optimum Yield is traded long, the “USO-roll” of above is traded short. One wants
to exploit the poor performance of the USO-roll. The calculation can be based on the empirical or on
the NS-model term-structure.

Graphic-9: DBLCI-OY long, USO-Roll short from 2011-01-01 till 2016-11-18

Graphic-9 and the table show the
performance of this strategy. The redstrategy (1st row) shorts the most nearby
WTI Futures. The roll-values are
calculated empirically. The yellownd
strategy (2 row) decides between shorting either the WTI or the Brent Futures according the simple
decision rule: Short the contract which is on the 2nd trade day more in contango/less in backwardation.
The calculation uses the 1st and 2nd Future. The strategies are till the end of 2013 identical, but
afterwards the possibility to short also the Brent has clearly an edge. The green line (3rd row) is the
same than the red one, but the roll-yield is calculated from the NS-model term-structure. The blue line
(4th row) is the NS-variant of the yellow one. Smoothing the term-structure with the NS-model is in this
case no advantage (but also not considerable worse). The optimal-yield roll does not use the local
derivative of the term-structure, but the total difference to the base Future (which is either the most
nearby one or the currently traded Future). The decision is relative robust to the local noise of the termstructure. The smoothing effect is offset by the model-error.
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0.79
8.23
23.82
0.63
8.05
28.72
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The GSCI-Dynamic-Roll:
Another 2nd generation roll methodology is the GSCI-Dynamic-Roll [8]. The Dynamic-Roll calculates
the local derivative of the term-structure and trades the Future with minimal slope. There is – for crudeoil – one refinement. If the current Future is within the top-3, the position is not changed as long as the
current position is in the set of eligible Futures. One has of course to roll the 1st Future. The GSCI uses
a roll table with up to 11 entries. The 11th entry is usually not the 11th Future but a December (Z) Future
with up to 2 years of maturity. The local derivative is much more sensitive to noise than the OptimalYield concept. Smoothing with the NS-model is therefore superior to using the empirical values. I have
also abandoned the GSCI roll-table concept. It is known that there is a break in the term-structure
beyond one year ([9]). The Roll-Table concept is probably more valuable for agricultural Futures which
have a more pronounced seasonal liquidity pattern. Besides using the current NS-model I have tried
also to use the forecasted term-structure. The previous experiments have shown that forecasting 1
month ahead does not work. So only a weekly forecast is used. The short position is selected and rolled
as in the Optimum-Yield strategy. The 2nd Future is not part of the eligible Futures. As one goes the 2nd
short, this would mean that one stands sometimes on the side line. The same happens for the Optimum-

Graphic-10: GSCI-Dynamic long, USO-Roll short from 2011-01-01 till 2016-11-18
Yield. But the formula selects almost never the most nearby eligible Future. Including the 2nd Future

improves the roll-yield calculation.
Graphic-10 and the table show the
performance of the strategy. The red line
(1st row) is the NS-Model with the WTI
short. The yellow strategy (2nd row)
trades like before either the 2nd WTI or
the Brent Future short. As the rule for selecting the WTI or the Brent is the same, the bifurcation
happens of course also at the same time. Green (3rd row) and light-blue (4th row) use the weekly model
forecast for selecting the optimal long Future. The P&L is for both methods almost the same, but the
performance of the current NS-model is smoother. The forecast just adds noise. The P&L of the current
NS-model is also almost identical to the Optimum-Yield strategy. But the Sharpe-Ratio and the
Drawdown are superior. The strategy combines a reasonable profit with relative low risk.
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3 12 NS-Model
3 12 Forcast
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Futures
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WTI v. Brent:
It is well known that the term-structure aka basis is besides momentum the fundamental driver of
Commodity Futures returns. The SummerHaven Dynamic Commodity Index ("SDCI") Methodology
uses this fact ([10]). The corresponding ETF USCI beats the more popular DBC.
WTI and Brent trade physically very similar products. The prices are hence co-integrated or in plain
English: The prices stick together. It is hard to imagine that WTI moves up to 200$ and Brent at the
same time down to 20$. The WTI-Brent spread is hence driven mainly by the term-structure. A trivial
application of this fact is: One goes the Future with larger backwardation long and the other short.

Graphic-11: WTI v. Brent from 2011-01-01 till 2016-11-18
Graphic-11 shows the performance of this strategy if one selects the 2nd Future. The P&L is 29.7%, the
Sharpe-Ratio 0.69 and the relative max. drawdown 8.7%. The P&L is on par with the more
sophisticated strategies, but the performance is less smooth and hence the Sharpe-Ratio is lower. But it
avoids all the complicated stuff of the other strategies.

Conclusion:
There seems to be a maximum potential of trading the term-structure/basis. This potential is for the
assumed leverage of initial 10.000.000$ cash and trading 60-Futures between 30 and 40%. The weekly
trading of the 2nd and 12th WTI Future has with 37.1% the highest P&L (see Graphic-4, light-blue line
and 3rd row of the corresponding table). But the profit is concentrated to a few periods and it is an open

question of this special conditions are repeated in the future. The GSCI-Dynamic-Roll (yellow line in
Graphic-10 and 2nd row in the corresponding table) has only a P&L of 28.8%, but the Sharpe-Ratio is
considerable higher. The simple WTI v. Brent trade has a lower Sharpe-Ratio, but it works surprisingly
well.
Due to the low risk the leverage can be for all the considered strategies increased. But this depends also
on the margin requirements.

Further Work:
The Summerhaven SDCI considers 6 different energy Futures. One can build with the SDCI
methodology a long-short portfolio. One selects 2 long Futures. One with max. backwardation, the
other with max. momentum. The short-side consists of the Futures with min backwardation (max.
contango) and min. momentum. One can extend the idea to the overall SDCI universe. But this gets
rather involved and there are also liquidity issues.
The NS-model and the forecast can maybe also applied to VIX-Futures. The VIX-Futures have a
steeper slope, but the move due to the mean-reverting behavior of the VIX quite fast from the usual
contango to backwardation and back to contango again.
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