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This paper employs the Nelson-Siegel framework to model the term structure of commodity futures prices. It then exploits the
information embedded in the model’s level, slope and curvature parameters to develop novel investment strategies in
commodity markets. The slope strategy, which assumes the continuation of recent slope movements of futures curves one-day
ahead, generates a large out-of-sample Sharpe ratio of 1.41 before trading costs. Its performance survives exposure to
traditional commodity risk factors or the consideration of reasonable transaction costs. The slope strategy’s profits increase
with sentiment and are in part a compensation for the drawdowns incurred when economic activity slows down.

Introduction

The model of Nelson and Siegel (1987) (NS hereafter) is traditionally used to price the term structure of
interest rates. Its three parameters are known to accurately model the level, slope and curvature of the
zero-coupon yield curve. Following the seminal work of Nelson and Siegel (1987), attempts have been
made to price commodity futures curves using the same framework (e.g., Heidorn et al., 2015; Gr@nborg
and Lunde, 2016). Inspired by this research, we employ the NS model to recover commodity futures price
curves and then exploit the information embedded in the level, slope and curvature parameters to develop
a set of novel investment strategies.

We first fit the NS model to the term structure of 21 commodities and then design three strategies based
on the then-estimated NS parameters that aim at detecting any mispricing along the curve. The first
strategy, called the level strategy, takes long (short) positions in the front contracts expected to appreciate
(depreciate) overnight. Following the same spirit, the slope and curvature strategies take long positions
in the slope spreads (butterfly spreads) expected to appreciate and short positions in the slope spreads
(butterfly spreads) expected to depreciate. All strategies assume full-collateralization and daily
rebalancing.
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The NS-based slope strategy is found to survive reasonable transaction costs. Depending on the
transaction cost scenario considered, the NS slope strategy generates net Sharpe ratios of 0.44 to 1.04,
which compare favorably to the net Sharpe ratios reported in the commodity pricing literature. Further
results indicate that the performance of the NS-based slope strategy is unrelated to that of previously
documented commodity risk factors (e.g., momentum, carry or hedging pressure, to name only a few).
The NS-slope profits are found to rise with sentiment and to compensate investors for the losses incurred
in periods of recession.

Why is the Paper’s Research Agenda Important?

Our paper is the first to establish the profitability of a commodity futures strategy whose slope signal is
based on the NS model. By doing so, we extend the literature on the profitability of commodity strategies
based on characteristics such as inventory levels, roll yield, hedging pressure, past performance, skewness,
liquidity, basis-momentum, and relative basis (Erb and Harvey, 2006; Gorton and Rouwenhorst, 2006;
Miffre and Rallis, 2007; Basu and Miffre, 2013; Gorton et al., 2013; Szymanowska et al., 2014; Fernandez-
Perez et al., 2018; Boons and Prado, 2019; Gu et al., 2019).

Trading futures spreads requires lower margins than outright positions due to reduced volatility. For these
reasons, spreading positions have been favored by practitioners in commodity markets. Our NS-based
slope strategy recommends the trading of spreads due to its superior risk-adjusted performance. Our
paper also adds to the literature that studies the profitability of spread strategies in commodity futures
markets (Szymanowska et al., 2014; Boons and Prado, 2019; Paschke et al., 2020).

Summary of the Methodology

We start by fitting the NS model to the futures curve of a given commodity at time t
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where F,(M) represents the price of a futures contract with a time-to-maturity of M (expressed in number
of months) at time t, A, is the decay factor measured at time t and &, is the error term. [, ;, fs+ and
Pc ¢ are the level, slope and curvature betas, respectively. For each commodity, the three betas are
estimated daily using the nearest four contracts for each of the commodities traded at time t.

Intuitively, changes in 5 . capture parallel shifts in the futures price curve with the curve shifting up when
AB.: > 0and down when AB, + < 0. Changes in 85, capture slope movements in the futures price curve
with positive Afs ; indicating more backwardation (or less contango) and negative Afs, suggesting more
contango (or less backwardation). Finally, changes in fi . capture butterfly movements with positive A,
denoting more concavity (or less convexity) and negative AS;. denoting more convexity (or less
concavity).
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We then design commodity strategies that assume the continuation one-day ahead of the change in
parameters, AB; ¢, Afs: and ASc ., observed from time t-1 to time t. More specifically, the level (L)
strategy buys the front contracts of commodities with positive Af; ; and shorts those with negative AS, ;.
The slope (S) strategy takes a long slope-spread position (i.e., long the front contract and short the fourth
contract) in commodities with positive Afis; and short slope-spread positions in commodities with
negative Afs.. The curvature (C) strategy takes a long butterfly-spread position (i.e., long the front
contract, short the second contract twice and long the fourth contract) in commaodities with positive AB. .
and short butterfly-spread positions in commodities with negative Af¢ ;.

Irrespective of the strategy considered, the NS model is estimated daily on up to 21 commodities. The
strategies are set up at the end of day t and implemented for one day. They are fully collateralized and
allocate an equal amount of capital to the longs and to the shorts.

Key Results

The data set comprises daily commodity prices on 21 commodity futures spanning 7 sectors (energy,
grains, industrial materials, meats, metals, oilseeds, softs). The out-of-sample period of the strategies is
from January 1992 to June 2019. Figure 1 plots the estimated 3, ; and fis . parameters that were obtained
daily over the sample period for crude oil, alongside the prices of front-month contracts (denoted as P1).
The level parameter closely follows the front-end price of crude oil and the slope parameter is positive in
the earlier part of the sample (suggesting backwardation), turning negative during the great financial crisis
as the market shifted into contango.

Figure 1
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Over the sample analysed, the L strategy is found to be unprofitable (mean of -0.19%, t-statistic of 0.01).
The S and C strategies generate out-of-sample mean excess returns that are highly significant (mean of
1.77%, t-statistic of 7.23 for the S strategy; mean of 0.68% and t-statistic of 5.34 for the C strategy). The
corresponding Sharpe ratios are equal to 1.41 and 1.27, respectively, and compare favorably with those
traditionally reported in the commodity futures literature.

Itis however important to note that the S and C strategies are much more trading intensive than traditional
commodity factor portfolios. This high trading intensity comes both from the daily rebalancing of the
positions and from the trading of slope or butterfly spreads. Notably, spreads can be traded directly
without crossing the bid-ask spread multiple times. Thus, efficient legging of spreads considerably lowers
the costs of implementing the S and C trades. It is nonetheless important to measure the impact of
transaction costs on the performance of the strategies. We accommodate different levels of transaction
costs. With net Sharpe ratios ranging from 0.44 to 1.04 depending on the transaction cost scenario
considered, the S strategy is the only one that survives transaction costs. We note also that the profitability
of the S strategy has been eroding over time probably because of the transparency provided by deeply
liquid electronic trading.

We also analyze whether the net excess return of the S strategy can be explained by exposure to
established commodity risk factors. The results of spanning regressions (presented in Table 1, Panel A)
indicate that the regression alphas are positive and statistically significant and thus the net excess returns
of the S strategy are not fully explained by passive exposure to traditional commodity risk factors. They
therefore represent compensation for the skills of selecting mispriced contracts along the futures curves.

Table 1
Risk-adjustment and abnormal performance of the S strategy

Panel A: Traditional commodity benchmarks Panel B: Risk-based explanation
Coeff. t-stat Coeff. t-stat Coeft. t -stat
0.0125 (4.22) 0.0131 (4.13) Term spread 0.1026 (2.32)
0.0023  (0.41) 0.0052  (0.87)  TED spread -0.0281  (-0.35)
Momentum 0.0163 (1.32) 0.0177 (1.21) Default spread -0.0010  (-1.08)
Carry 0.0074 (0.52) 0.0207 (1.42) Change in FED fund rate -0.0008  (-0.64)

Hedging pressure -0.0081  (-0.65) 3-month real interest rate 0.0713 (2.70)
Skewness -0.0138  (-0.91) Innovation in aggregate liquidity -0.0008 (-0.22

Basis momentum -0.0102  (-0.67) Change in industrial production 0.0000 (0.00)
Relative basis -0.0085 (-0.68) Chicago Fed National Activity Index -0.0004  (-0.58)
Liquidity -0.0229  (-1.62) Inflation rate -0.0001  (-0.88)
Curve momentum 0.0525 (0.30) Uncertainty index 0.2770 (0.88)
Adj-R? -0.09%

Panel A presents estimates and goodness-of-fit statistics (Adj-R?) from regressions of the net excess returns of the S strategy on
traditional commodity benchmarks. AVG is a long-only, monthly-rebalanced portfolio of all commodities. Alpha is expressed in
annualized terms. Panel B tests whether the performance of the S strategy relates to business cycle risk. Newey-West adjusted
t-statistics are reported in parentheses. The sample covers the period from January 1992 to June 2019.
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Furthermore, we explore the sources of the S profits confronting two standard explanations: risk versus
behavioral mispricing. We note that both justifications explain the observed performance. For example,
the results presented in Table 1, Panel B indicate that the S profits relate to business cycle risk: the S profits
are earned mainly in good times (when the yield curve slopes upward, and interest rates are relatively
higher) and therefore represent compensation for the drawdowns incurred in bad times (when the yield
curve slopes downward, and interest rates are relatively lower). We also note that the S profits rise with
sentiment, a result that supports a sentiment-based (behavioral) explanation for the observed
performance.

Conclusions

In this paper, we estimate the parameters of the NS model using the futures price curves of up to 21
commodities and analyze the information content of the change in the level, slope and curvature
parameters for one-day ahead futures returns. The change in the slope parameter is found to forecast
forthcoming slope spreads, even after accounting for reasonable transaction costs or for the existing
commodity risk factors (such as carry, momentum or hedging pressure). Overall, the proposed NS-based
slope strategy could aid the design of novel investment solutions for hedge funds and Commodity Trading
Advisors (CTAs).
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