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Abstract

This thesis first investigates the asset pricing ability of a new risk factor, namely Risk-Neutral
Skewness (estimated based on option data) in the global commodity futures market. Skewness trading
behaviour in the option market is attributed to heterogeneous belief and selective hedging concern.
The negative (positive) the Risk-Neutral Skewness is accompanied with excess trading on put (call)
option contracts, which leads to underlings’ over-pricing (under-pricing). Above results are robust to
time-series and cross-sectional test and other alternatives.

Secondly, a new functional mean change detection procedure is proposed via the Kolmogorov-
Smirnov functional form. Simulations indicate decent testing power under the alternative. An empiri-
cal test procedure is deployed for crude oil and gold futures price term structure, showing real market
data change. The multivariate forecasting regression analysis uncovers trading behaviours behind the
real-world change occurrence.

Lastly, the futures basis term structure is forecasted under the framework of the functional au-
toregressive predictive factor model with lag 1. By comparison, the new method outperforms other
functional and non-functional methods, with maturities less than 10 months. The Model Confidence
Set method statistically validate this result. A new variance minimization trading strategy is proposed

and tested when the future futures basis is forecast and known.
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Chapter 1

Introduction

This chapter firstly pin down the main commonalities across all the following chapters within this
thesis, then provide a review on the global commodity futures market research background, both
theoretical and empirical studies, and finally discuss the research motivation, research question, con-

tribution, future potential improvements and works.
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1.1 Research General Commonality and Framework

The first commonality comes out for organising these three separate chapters are on asset modelling,
presented in different methods and perspectives. Generally, spanning across three chapters, global
commodity futures modellings are investigated on the basis of: (1) asset return anomaly explana-
tion via asset pricing framework, using multivariate risk factor approach, (2) futures contract price
term structure modelling test via the functional project method with projected factors from Dynamic
Nelson-Siegel (DNS) framework and (3) futures basis term structure fitting via the functional autore-
gressive model.

Another close link across these three parts is to understand futures market backwardation and con-
tango: (1) documenting a new risk factor distinct from the term structure basis factor (not explained
by the backwardation and contango theory), (2) discussing the term structure price data modelling
and instability (market shift between backwardation and contango) and (3) fitting and forecasting the
term structure futures basis (market backwardation and contango shape forecast).

Standing on the current literature of global futures market studies’ results, chapter two employs
a new risk factor, the Risk-Neutral Skewness, to price the global commodity futures market return.
This new risk factor shows successfully extraordinary performance and heterogeneity (less correlated
with several traditional risk factors), which is distinct from the term structure basis factor and its cor-
responding theory behind: backwardation and contango. A clear pricing mechanism is also discussed
on the basis of a strong theoretical background (option-based buying pressure from heterogeneous
belief and selective hedging idea) to support empirical findings. Moreover, in order to provide some
practical advantages as to why this new factor matters, the recent literature proposed realised skew-
ness estimator (documented by the cumulative prospect theory) is also included to compare.

Different from single continuous futures data modelling, the third chapter considers more generic
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case of modelling term structure price data and testing model stability. However, in literature, the
current term structure modelling studies mainly depend on the DNS model that is originally created
to deal with bond yield curve data. Consequently, chapter three will then explore whether the DNS
model is reasonable to accommodate the commodities futures term structure variation. Method used
for this analysis is concentrated on statistical data mean change detection, which incorporates DNS
model framework. If a mean change is detected on DNS implied factors, which implies that DNS
model is statistically not able to adjust data dynamics (mean level) with respect to corresponding
samples.

In most cases of mean changes, there are impacts on the term structure slope, indicating the
change on market shift between backwardation and contango. Therefore, by implementing this detec-
tion procedure, economic intuition for futures market characteristics behind this change are able to be
discussed. As to the testing details, a new detection procedure is proposed to handle this change de-
tection under the functional data analysis framework. The results are examined under both simulation
and empirical scenarios.

In terms of predicting term structure, the functional autoregressive method is employed in the
chapter four, which shows a good property on term structure data fitting and forecasting. The back-
wardation and contango scenarios, heavily dependent on the shape of term structure curve on the view
of data pattern, is also explored and discussed when using the functional autoregressive model.

All current empirical findings and related contributions are summarised in the last chapter. Fol-

lowing the summary, current research limitations and future research possibilities is also discussed.
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1.2 Understanding Global Futures Market Modelling

The first question initializing the futures market research is whether the futures market is integrated
or segmented with the stock market? Answers for this question is converted to whether CAPM model
(Sharpe, [1964; [Lintner, 1965 and Mossin, 1966) works in the futures market and whether practical
investors can benefit from futures contracts’ trading because of portfolio risk diversification (if two as-
sets are segmented). In this sense, the existence of market co-movement between futures and equities,
and assets correlation becomes the research point.

Investing and trading in commodity futures become more attractive with a considerable compound
return 9.85% from 1950 to 1976, while trading in equity market yields 9.81% annual return (Bodie
and Rosansky,|1980). At the same time, the buy-and-hold strategy on the Goldman Sachs Commodity
Index (GSCI) has been outperforming the buy-and-hold strategy on S&P 500 by 1% since 1969,
recorded at a 12.2% annual return. Moreover, these two assets indices are negatively correlated at
-0.03, implying large diversification benefits by building portfolio for both asset classes (Erb and
Harvey, 2005). |Gorton and Rouwenhorst (2004) and |Bhardwaj et al.| (2015) document that the risk
premium (excess return deviating from its average value) generated from trading in commodity futures
is quite close to trading in the stock market, with 4.95% and 5.91% annually from 1959 to 2014.

Regarding the market integration test, the CAPM model is the best candidate using the equity
market portfolio as a benchmark to capture the co-movement with the global commodity futures
market. Consistent with the law of one price theory, a factor (stock market portfolio return) that can
explain cross sectional the average return in equity should be able to explain the average return of
the global commodity futures as well. However, there is no significance found via the CAPM model,
extended CAPM model and traditional equity motivated approach, which states the heterogeneity of

the commodity futures return (Jagannathan, 1985|and |[Erb and Harvey, 2005]).
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Dusak (1973)), Kolb| (1992) and Bessembinder (1992), among others, point out that commodi-
ties like wheat, corn and soy bean do not generate risk premium based on the CAPM asset pricing
model. A similar result is also confirmed by |[Ehrhardt et al.| (1987) who use a two-factor model under
the framework of arbitrage pricing theory (APT). Based on the weighting index method by Marcus
(1984), Baxter et al.| (1985) and Black| (1976)) find that the systematic risk premium does not exist.

However, it is worth mentioning that the above result does hold only for agriculture products such
as wheat, corn and soy bean. By allowing the existence of speculators’ net long and short position
in futures market as well as inclusion of commodity index in market portfolio, Carter et al.| (1983))
document the market portfolio beta significance. This is consistent with Bodie and Rosansky| (1980)
who use more commodity products and longer testing samples and Fama and French| (1987) who find
time-varying risk premium for most commodity products.

The most comprehensive market segmentation test is proposed by Daskalaki et al.| (2014), who
among others, offer a large comparison study by employing the CAPM extended series model (CCAPM,
MACPM, MCCAPM,...) , macro-economic factors (consumption growth, money growth, FX fac-
tor...) and equity-motivated factors (FF, Carhart, LFF and LCarhart). The results indicate that there
is no statistically transmission from the equity market to the global commodity futures market. Up to

now, findings on the CAPM model based test is still mixed and ambiguous.

1.3 Theoretical Background

Motivated by the market segmentation evidence above, pricing theories for futures market are needed.
In the following sections, the most widely cited traditional theories applied in the global commodity
futures market are introduced and discussed. In addition, theories that are proposed in other asset

markets are also referred for the sake of explaining new findings in this thesis,
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1.3.1 Storage, Backwardation and Hedging Pressure

The early theories on commodity futures mainly refer to storage cost. The theory of storage is initially
introduced by |Working (1949) and |[Kaldor (1939), stating that the cost of carrying the underlying
physical products needed to be priced (compensated). On the contrary, potential profits by selling
physical products at a higher price under the scenario of commodity supply scarcity are also needed
to be taken into account. These two directions formally shed light on a positive (negative) relation
between commodity return and storage cost (convenience yield).

Moving forward and standing on the side of the production firm, Pindyck| (1990) uses the de-
composed cost of the holding inventory and states that a convex function shows a good fit on the
convenience yield with respect to inventory level. Recently, linear regression (with inclusion of the
squared convenience yield) from Dincerler et al. (2005)) and the sensitivity analysis (with changes on
the normalized inventory data in the spline regression analysis) from Gorton et al.| (2007) confirm a
non-linear relationship between convenience yield and storage.

The backwardation theory is introduced by Keynes| (1930) who gives a new idea on how and why
it is possible for contract buyers to hold the futures contract. When the futures contract is discounted
priced relative to its expected spot price, the convergence between futures price and spot price at
expiration date provide risk premium to the contract’s holders. Normally, discounted contracts are
offered by large producers or those people who want to hedge their physical products transaction
risk in a future time point. When above scenario is on opposite side, the market is then referred to
contango (the futures contract price is higher than the expected spot price). Taken together, these two
scenarios describe the market equilibrium in which either futures contract seller or buyers will obtain
(bear) corresponding premiums (risk).

Hedging pressure (net or long only option interest position for both speculators and hedgers)
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is another explanation of risk premium (see |Stoll, 1979, Hirshleifer, 1988 and Hirshleifer, [1990).
The risk premium identification procedure is built on market participators modelling: inter-temporal
portfolio optimisation and informational barriers.

Specifically, markets are classified as non-marketable and marketable and both speculators and
hedgers are included, which is different from previous partial-equilibrium model. In the sense of
equilibrium, the futures risk premium is then decomposed into a systematic part (market beta which
is marketable) and residual part (non-marketable).

In the spirit of Merton| (1987), speculators are restricted to market as they need to pay certain set
up cost to know the market. And the residual risk premium is positively marginal to the number of
participators in the market. When the cost for speculators to enter the market is large, risk premium
then goes up as few speculators can take the whole premium from hedgers. Back to the theory, when

hedgers goes short (long), equilibrium implies backwardation (contango).

1.3.2 Skewness Preference in the CAPM

Within the case of the asset pricing model, the mean-variance method, used for describing the be-
haviour of investors in the whole financial market, is not accurate or to some extent not valid. The
argument for this is due to the break of normality assumption of the distribution of the underlying
asset return, which results in the imprecise modelling of investors’ decision based solely on the ex-
pected mean and volatility. In the meantime, narrowing problem by assuming homogeneous rational
idea is also not generally approachable across all scenarios (e.g. "Lotto Investors’ in the real world.

More recently, skewness preference, defined as a specific portfolio construction behaviour of se-
lecting assets with a strong skewness (normally positive skewed assets), becomes one important topic

in both equity and futures markets. The economics explanation behind is firstly attributed to the

Isee following section on behaviour finance discussion.
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extension of the pricing model of the CAPM on the equity market.

Following the Sharpe-Lintner asset pricing model, demonstrated by (Sharpe, 1964, Mossin, 1966
and |Lintner, [1965), Arditti and Levy| (1975) extend their two-factor model into a three-factor model
that takes into consideration of skewness effect on assets allocation. Given the theoretical argument,
skewness is positively related to both mean return and volatility, which leads to a new efficient fron-
tier on which portfolios are strictly dominating others (those portfolios who are below or above this
new frontiers). One year later, [Kraus and Litzenberger (1976) show that after considering the utility
function with concave property and positive skewness preference, systematic skewness is a necessity
for model pricing.

Empirical tests also support their proposal with the coefficient for systematic skewness being
positive and significant. This indicates a new fact that previous mispricing in equity market is not
attributed to borrowing constraints or lending rates. Instead, it is due to the lack of the consideration
on the systematic skewness effect in asset pricing model. This is confirmed by Lim (1989) who
employs the generalized moments method (GMM) to identify the importance of skewness.

Unlike the result in the equity market, there is no strong evidence to support existence of skewness
effect in the future market, especially when the systematic risk is controlled Junkus|(1991)). The reason
why they fail to test the significance may be attributed to the wrong selection of market portfolio: S&P
500 and BLS wholesale price index.

Followed by Junkus| (1991)), |(Christie-David and Chaudhry| (2001)) adopt nine market indices as
proxy for the market portfolios and co-skewness and co-kurtosis as the risk factor. In terms of the
testing method from Fama_Macbeth two-step analysis (Fama and MacBeth, 1973), systematic skew-
ness has strong relation with future period return. R? is increased when adding co-skewness and

co-kurtosis in the asset pricing model, which is also robust regardless of the market portfolio selec-
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tion within nine market indices.

1.3.3 Behaviour Finance

Most recently, research studies on skewness preference explanation, both in equity and futures mar-
kets, are more concentrated on topics linked to behaviour finance. By allowing heterogeneous pref-
erence on skewness consideration in portfolio investing, the one-period agent utility maximisation
problem is proposed, which predicts lower future returns for the positive skewness preference (Mit-
ton and Vorkink, 2007). These agents who have strong propensity on positive skewness are marked as
”Lotto Investors”. In the sense of distribution property, they expect to have large compensation from
investing in these positively skewed assets.

Another theory backing up this skewness preference investing is formed on the cumulative prospect
theory by (Tversky and Kahneman, 1992 and Barberis and Huang, 2008). Regardless of the appear-
ance of short-selling restrictions, the cumulative prospect theory explains that positively skewed assets
(large positive return with small probability) are over weighted by investors. A special value function,
which is convex in loss and concave in gain is applied to model the assets’ selection behaviour. Given
more expected value on potential extreme positive returns in the future, the more they pay for this
asset, the more likely it is for this to result in underlying product over-pricing. The consequent buying
(selling) assets with positive (negative) skewness will generate fewer (more) positive returns in the
subsequent period.

Their ideas are also consistent with the optimal belief framework from Brunnermeier and Parker
(2005) and Brunnermeier et al.| (2007) who state that there is a type of agents who maximise their
current utilities by distorting their beliefs on future probability (endogenous-probabilities model).

The results confirm that assets with higher idiosyncratic skewness yield less profits.
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Up to now, the application of testing skewness preference in assets’ selection explicitly refer to
the realised skewness, an estimator based on the past historical data. This thesis is moving forward
to consider the expected skewness, a forward-looking measure obtained from the underlying asset
option market data.

Considering the market trading restrictions (e.g. short-selling) or potential downside risk, |Gar-
leanu et al.| (2009) state that option trading demand effect matters. The selective hedging idea (Stulz,
1996)) is another aspect supporting the option-trading behaviour as buying out-of-money put option
can be regarded as a risk control method.

Regarding limitations in the real world, investors holding negative (positive) expectations about
the futures price movement will purchase more put (call) option contracts. This in return generates
more negative (positive) skewness measures. Over-pricing (under-pricing) is then consequently em-
bedded in the underlying asset price realisation, which leads to future negative (positive) returns.
It is worth mentioning that this proposal has the pre-requisite that heterogeneous beliefs about the

underlying future movement should exist (Han, 2008).

1.3.4 Technical Analysis

The technical concepts in this thesis are mainly attributed to the stochastic analysis, functional data
analysis and regression analysis. To be more specific, for the second chapter, the option implied mo-
ments estimation process relied on the stochastic analysis. Asset return is modelled as the integration
from both call and put option contract pay-off structures. The third moment is then easy to obtain by
taking the expectation of return with power 3.

In terms of the risk factor estimation procedure, several potential errors advertised from the litera-

ture are taken into account. For the implied volatility estimation, both the Bisection and the Newton-
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Raphson method under the pricing framework of the European Black Model (Black and Scholes),
1973) are employed. The natural cubic spline method is used to fit the implied volatility within mon-
eyness boundary and linear or flat extrapolation for outside boundary (Jiang and Tian, 2005, Jiang and
Tian, 2007 and (Carr and Wu, 2008). The hermite cubic spline is adopted to account for the potential
calendar arbitrage issue suggested from (Leontsinis and Alexander, 2017)) when interpolating the final
estimator in a constant time-to-maturity way.

The risk-neutral third moment is also concerned under different measurements. Therefore this the-
sis shows a more comprehensive comparison for the literature, from two different methods by Bakshi
et al. (2003)) and Kozhan et al. (2013)). The first proposal is the traditional central moment method
under the option pricing framework while the second one is under the price martingale assumption.
This thesis is relied on the second measure while reserving the first one for the robustness check.

As for the second and third chapter, technical details on the functional data structure analysis are
referred to (Ramsay, 2006/ and Horvath and Kokoszka, 2012). Under their suggestion, discrete sam-
ples can be converted into functional observations. In this sense, the commodity futures term structure
data generating process is then modelled in a functional way (data observation across maturities).

Based on the Hilbert space property, infinite dimensional curves data can be projected onto certain
pre-determined factors (Dynamic Nelson-Siegel three factors) to reduce the dimensionality (Bards-
ley et al. [2017). Using the Kolmogorov-Smirnov functional form under the CUSUM (cumulative
sum) method frame, a new detection statistics is formed for the curve data mean change detection
procedure. Both asymptotic property and simulation analysis are considered and studied.

In the end, the functional autoregressive model is proposed to model and forecast futures market
term structure dynamics. The main technique used in this part is the functional predictive factors

model (Kargin and Onatski, 2008)). For the completeness modelling and forecasting check, compar-



CHAPTER 1. INTRODUCTION 12

ison is offered under the frame of the statistical method namely, the Model Confidence Set (Hansen
et al., 2011). A further trading strategy via backwardation and new proposed variance minimization

method are discussed in the end for the sake of providing economic implications.

1.4 Empirical Studies Background

In this section, the structure is summarized into two parts: the asset pricing (discussion on previous
risk factors pricing the global commodity futures return) and the term structure modelling (extension
from single series to commodity futures term structure modelling). The first part is the foundation for

chapter two and chapters three and four are based on the second part.

1.4.1 Asset Pricing

The first empirical study recording risk premium in the global futures market is from Dusak| (1973)),
who adopts the value-weighted S&P 500 index as market portfolio and indicates that commodities
such as wheat, corn and soy bean do not generate risk premium based on the CAPM asset pricing
model (the same results followed by |[Kolb (1992) and Bessembinder (1992))). His conclusion is that
the results are not related to the Keynesian theory and the principal reason might be the no correlation
between those single assets and market index he uses (few information from commodity agriculture
is embedded in the market index). If replacing the commodity by copper that is more related to the
industrial process (or the underlying economy development), the beta could be significant to some
extent.

Instead of applying the one-factor model, Ehrhardt et al.| (1987) propose a two-factor model to
justify the risk premium within the APT framework and fail to find the significance. However, strong

evidence of normal backwardation has been documented by (Carter et al. (1983), who use the same
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model by |Dusak (1973) but give two more extensions: allowing speculators to be net long or net short,
and inclusion of the commodity index as the weighted market portfolio.

Different from previous studies on the commodity futures risk premium findings above, Baxter
et al.| (19835)) argue that the market index chosen by both of them is overweighed as the S&P 500
index has already included a certain percentage of commodity products (similar argument inspired by
Black| (1976)). After constructing a new index using a weight construction method consistent with
the theory suggested by Marcus (1984), they confirm that wheat, corn and soy bean do not expose to
systematic risk and are devoid of risk premium.

Similarly, Bodie and Rosansky (1980) show that the beta coefficient roughly equals to one when
research data coverage is on more commodity products. It is worth mentioning that their first trail
is also consistent with the result from Dusak (1973) with no significance when focusing on certain
specific products. What they suggest is that the results are more precise when more products as well
as longer sample periods are employed.

Moreover, Fama and French (1987) document the instantiations of return premium in futures ba-
sis, denoted as the differential of future price and spot price. They find its time-varying property and
statistically significance when regressing excess return on it in most commodities out of 21 commodi-
ties.

More recently, motivated by the risk factor model pricing principal (factor based long-short portfo-
lio) in the equity market, the term structure factor, sorted by the futures basis, is constructed, demon-
strating positive correlation with the individual assets return (Koijen et al., 2013} |[Erb and Harvey,
2005, [Szymanowska et al., |2014] and Fuertes et al., [2015). They all statistically confirm the pricing
ability of the term structure factor.

In terms of hedging and speculating behaviour, the hedging pressure factor is proposed with pric-
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ing capability in future market, which is also portfolio strategy sorted on market participators’ option
positio Positive correlation is found between the hedging pressure factor and future return, which
explains the cross-sectional variation among most commodities (Bessembinder, 1992, De Roon et al.,
2000| and Basu and Miffrel |2013)), while De Roon et al.| (2000) specify that hedging pressure can be
treated as a non-systematic risk premiunﬂ

The momentum factor, calculated based on the moving average of the past historical return, also
shows non-trivial effect in global commodity futures asset pricing. The intuition behind is that in-
vestors are more likely to hold financial assets with positive past performance as they believe this
positive trend will continue in the next period. The long-short quantile portfolio is designed based on
the past moving average return and found with pricing ability (positive correlation) in cross-sectional
return for most commodity futures (Asness et al., 2013, |[Erb and Harvey, 2005|and Miffre and Rallis,
2007).

However, literature for these factors pricing ability conclusion are still mixed. Daskalaki et al.
(2014) document no significance on the commodity-specified risk factors mentioned above. Although
they nearly reject all factors in the commodity futures market, consideration on the risk-neutral high
moments’ effect is still missing, which leads to the uniqueness of this thesis in this field.

More recently, the popular risk factor exploration direction is more related to the “idiosyncratic”
property of return distribution, for example, volatility and skewness. The “idiosyncratic” here refers
to a more generic idea that factors is out of the control of the systematic risk factor in traditional
literature. In another world, there could be a factor whose pricing ability cannot be explained by the

common traditional risk factors or is real idiosyncratic part obtained from regression residuals.

The calculation method will be different for speculators and hedgers, in this thesis, speculators’ positions are used
for main conclusion while hedgers’ positions are tested for robustness, for formula, see methodology part.

3Which can be referred to this thesis’s results given that product selection in portfolio construction can make a differ-
ence
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Earlier studies about individuals’ skewness are often found in the equity market. Conditional
skewnes is tested for the equity market among the stock pool with different sorting criteria and
subsample analysis, they find that conditional skewness can price to some extent but not general for
all assets (Harvey and Siddique, |2000). One reason for their failure might be the imperfection of
skewness measurement as it is not the ex-ante measure of the skewness based approach.

As for the attractive attribute of the ex-ante measure, [Boyer et al. (2010) find that idiosyncratic
volatility can be a good proxy variable to linearly estimate the expected idiosyncratic skewness. Based
on the linear regression approach, the expected idiosyncratic skewness plays an excellent role gener-
ating 1% abnormal return monthly. This is recorded with a negative relation between skewness and
subsequent return after controlling the Fama_French three-factor model. Their result is also consistent
with Amaya et al. (2011) who use a new estimation method with intra-day (high frequency) data to
measure the realised skewness and document that it has a significant negative relation on subsequent
returns. The success of their findings is more related to the employment of high frequency data due to
benefit of the improved estimation accuracy compared with the usage of low frequency data. Differ-
ent from previous researches, real ex ante skewness is obtained in two different ways, implemented
by Bali and Murray (2013) and (Conrad et al.| (2013), both of them find the same relation for the
Risk-Neutral Skewness and expected return. However, their empirical results are more focused on the

stock market rather than on the future market, which point out how the gap is filled in the literature.

1.4.2 Term Structure Modelling

Different from the factor asset pricing modelling mentioned above (long-short portfolio via single

time series return data), the global commodity futures are modelled on term structure dimension. By

4Coefficient obtained by regressing asset return on squared market portfolio return, the same as co-skewness, measur-
ing the co-movement between market return variance and single asset return.
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meaning of term structure modelling, it requires the model to be able to account for the maturity
effect. Traditional asset modelling on the underlying process requires more assets characteristics
consideration and factor dynamics estimation, which often includes the complex stochastic process
modelling and large number of parameters’ estimation, see convenience yield and spot price two-
factor model stochastic model from (Gibson and Schwartz, |{1990 and Schwartz and Smith, [2000),
stochastic model comparison and three-factor model in which the mean-reverting process of interest
rate following Vasicek! (1977)) is extended by Schwartz|(1997), also seeCasassus and Collin D.|(2005),
asset seasonality modelling consideration (Sgrensen, [2002).

However, the stochastic analysis framework tends to be complex in practical analysis for which a
more flexible and easily estimated method is more welcome to capture the forward curve movement,
in fitting and prediction across maturities’ range. The fundamental technique is following yield curve
modelling, namely Nelson-Siegel and its dynamics extension, see (Nelson and Siegel, 1987, Diebold
and Li, 2006/ and |Diebold and Rudebusch, [2013)). The idea underneath this model is to find the factors
which can accommodate term structure curve change on different exposures: level shift (parallel move
of curve for all maturities point), slope shift (more weight (less) on short (long) maturity contract) and
curvature shift (more weight on middle maturity contract).

Apart from the original dynamics modelling, new proposals to the DNS model on the yield curve
modelling can be referred to the following studies. Modelling on the decaying factor lambda dy-
namics by Koopman et al.| (2010), completely different factors namely intelligible factor introduced
by Lengwiler and Lenz| (2010), regime switching effect from Nieh et al.| (2010) and Xiang and Zhu
(2013) and regime switching based Marco-factor concern from [Zhu and Rahman| (2015).

However, not too many works focusing on the application and extension of the Dynamics Nelson-

Siegel (DNS) model in the futures market. In the global commodity futures analysis, the DNS model
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application and its extensions are mainly on futures products of the energy section, e.g. Gr@nborg
and Lunde| (2016) use the DNS model within copula framework obtaining a better out-of-sample pre-
diction performance than the benchmark, Barunik and Malinskal (2016) include the neural network
method in the DNS model, forward curve local dependence is discussed in|Ohanal (2010), regime de-
pendence is introduced in an error vector correction model on dynamics of level, slope and curvature
factors in the DNS model in Nomikos and Pouliasis| (2015)).

Karstanje et al.| (2017), among others, who first propose a comprehensive DNS model study on
all global commodity futures products with both seasonality and sector effect considerations. In their
work, DNS three factors are selected to pass in the modelling for the sake of avoiding over-fitting
and a new factor (trigonometric functions) mimicking the seasonality effect is also tested at the same

time.

1.5 Research Motivations, Questions and Contributions

In this section, research motivation, question and contribution are formalised here. The second chapter
is on the Risk-Neutral Skewness pricing effect test on global futures market, which is motivated by its
pricing success in equity market (although pricing sign is mixed, see, |Conrad et al., 2013Stlger et al.,
2016, [Kozhan et al., 2013| and Gkionis et al., 2017) and its realised counterpart, Pearson skewness
success pricing in the futures market (Fernandez-Perez et al., 2018]).

The research question comes out whether the Risk-Neutral Skewness estimated from the futures
option market can price global futures return both from a time-series and cross-sectional perspective?
Furthermore, what are the superior points on the risk-neutral measure when comparing with the his-
torical calculated one, exactly the Pearson skewness coefficient in|Fernandez-Perez et al. (2018)? By

answering these questions, this thesis is making the contribution to literature that the Risk-Neutral
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Skewness can explain assets’ return variation and outperforms the Pearson skewness.

The third chapter is inspired by the global futures term structure modelling. Since the DNS model
is originally proposed to deal with yield curve term structure modelling, applying the DNS model
directly on the futures market might not necessarily able to accommodate the futures market pricing
characters. In the meantime, following the recent model extension on DNS (e.g. regime switching),
the research questions about whether the DNS model provides a good fitting in futures market or at
least in some sample periods. For answering, is there a statistical evidence to prove that DNS fails to
do its work?

The contribution to this relies on a new proposing statistical detection method on the mean change
test. Given the DNS model estimated factors, no change will be found if DNS has a good fitting on
the samples. Asymptotic property is confirmed with simulation outcomes showing decent testing
power on this new statistic. In the line of testing, an economic analysis, via multivariate forecasting
regression, is also conducted to further identify the situation before and after changes in the data.

The fourth chapter is motivated by both third chapter results and functional data analysis ad-
vantages. Following the results of the third chapter, the DNS model might fail to capture the term
structure dynamics in some scenarios. In another way, term structure data is also treated as non-
smoothed curve data in a discrete version, which can be naturally modelled in the view of functional
data analysis. Different from the literature idea of modelling term structure on the forward price, the
futures basis (log price difference between two maturities for the same underlying product) is studied.

The research questions try to explore whether the functional autoregressive model can offer a
better out-of-sample prediction compared with the DNS model and other functional candidates. To
address this question, the statistical measurement as well as the Model Confidence Set test on the

forecasting error and trading strategy performance are experimented, indicating the new method’s
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superiority. Far more than this, the term structure curve reservation property across different methods
is also well studied with final results supporting the outperformance of the new functional model. A
new variance reduction trading strategy is designed for practical application on how forecasted futures
basis can be used in the real world.

Up to this writing moment, all research contributions in this thesis are new to the global commod-
ity futures literature. Several robustness check concerns are conducted to ensure the solidarity of the

results.



Chapter 2

Risk-Neutral Skewness on Commodity

Pricing

In this chapter, the asset pricing test framework is deployed for the new Risk-Neutral Skewness
(RNSK) factors estimated from weekly 10-year options and futures return data. The final results have
significant validity from both time series and cross-sectional tests. A positive relation is recorded
between the future asset return and the current RNSK. Risk control based option trading activities
(supported by the Heterogeneous Belief and Selective Hedging concern of underlying assets’ perfor-
mance) provides the mechanism of trading signal generation. Under-pricing (positive RNSK) and
over-pricing (negative RNSK) based long-short portfolio outperform its counterpart (based on the
realised skewness, e.g. the Pearson method) with an additional 14.6% annual return. The results
are robust to several alternatives: on signal estimation techniques, regression control analysis and

transaction cost analysis.

20
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2.1 Introduction

The asset pricing ability of the third moment of asset return distribution has been studied a lot recently,
mainly in the equity market and few of them are focusing on the commodity futures market. Equity
studies on skewness, e.g. the conditional skewnessE] and realised skewnesf] by (Harvey and Siddique,
2000/ and /Amaya et al., 2011)), the expected idiosyncratic skewness[] proposed by Boyer et al. (2010)
and the Risk-Neutral Skewness discussed by (Conrad et al., 2013} Kozhan et al., 2013 and Dennis and
Mayhew, 2002)). The findings with respect to the pricing relation to futures return are mixed.

The commodity literature on this subject is much sparser. At this moment of writing, the closest
study in the commodity market is conducted by Fernandez-Perez et al. (2018)) on the realised third
central moment. They show that commodity returns are strongly negatively related to the realised
skewness (measured by the standard Pearson skewness coefficient estimated based on monthly obser-
vations with a past 12-month length window of daily excess returnﬂ

The rationale for the realised skewness pricing in the commodity future market relies primarily on
investors’ “lottery-type” preference. The behaviour of pursuing positive skewed commodities pushes
their prices to a higher level as investors are willing to pay more for having the potential opportunity

of gambling potential extreme positive compensations. However, the over-pricing of these positive

3Conditional measure differs from unconditional one (e.g. Pearson coefficient skewness) which is independent of other
variables effect, requires conditional information to compute. In this chapter only, conditional skewness is specifically
defined as the beta coefficient value by regressing asset expected return on squared market return, measuring the co-

movement between market return variance (volatility) and asset return, B = cov(r,72,)/(1/G, /G2), where r is asset

return, rf,, is squared market return, © is a standard volatility measure function. For example, if the beta coefficient value

is large, then when market becomes more volatile, asset return will change dramatically depending on sign of beta.

6 All realised skewness is generally referred as using the past historical data to calculate, which represents investors’
skewness measure with all the historical information they have, skewr;ess calculation formula can be different, but in this
E[(r=u)’]

Ideas here are based on linear relation between volatility and skewness, showing an idiosyncratic view to accommo-
date the high order (3rd order, skewness) distributional information excluded from baseline model. Idiosyncratic volatility
is calculated on residuals (obtained from regression of asset return on baseline factors) in a rolling window manner. Then
expected idiosyncratic skewness is forecasted by idiosyncratic volatility in a linear regression.

8Research on skewness explanation via CAPM and conditional skewness effect can be referred to Junkus| (1991) and
Christie-David and Chaudhry| (2001} respectively

thesis, it is referred to Pearson Skewness coefficient, skew = u is the mean of r, E is expectation operator
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skewed commodities will be corrected as arbitrage is not allowed in the market, yielding negative re-
turns on these positively skewed assets. In this chapter, skewness pricing ability has been tested using
a superior measure of skewness, called Risk-Neutral Skewness. The empirical results indicate that
the Risk-Neutral Skewness is positively related to the future return. This is not completely contra-
dicting previous findings via the realised Pearson skewness studied by |[Fernandez-Perez et al. (2018).
According to the bivariate sort, the average values sorted by the realised Pearson skewness shows
increasing trend from the lowest quantile to the highest one. The Risk-Neutral Skewness quantiles
sorting for traditional commodity characteristics are also consistent with their findings in the realised
skewness measurement.

Since the realised skewness asset pricing ability has been well discussed by (Fernandez-Perez
et al., 2018), this chapter contributes the literature by stating that the Risk-Neutral Skewness can do
better than its realised counterpart. Specifically, this chapter will contribute the existing literature
by two main points. Firstly, standard realised estimation of high moments (central moments like
the Pearson skewness employed in Fernandez-Perez et al.| (2018)) has been argued with a strong
estimation bias. The parameters, in the realised skewness calculation, such as the past window length
selection and the data frequency usage can deteriorate the final estimated results remarkably, which
in return leads to a different strategy performance.

This chapter tries to avoid these problems by using a model-free third moment estimation method
(based on the risk-neutral probability measure and all investors are assumed to hold the same risk
preference). Risk-neutral third central moment is initially introduced by Bakshi and Madan| (2000)
and further tested by (Bakshi et al., 2003, Dennis and Mayhew, 2002, Bali and Murray, |2013}, |Conrad
et al.L 2013, [Stilger et al., 2016|and Gkionis et al., [2017), showing a non-ignorable pricing effect on

the equity market even though the current findings are mixed.
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More recently, Neuberger (2012)) propose a more general unbiased estimator of the realised mo-
ments with only one assumption that underlying price process is a martingale. Following their spirits,
Kozhan et al. (2013) propose the implied skewness calculation method. Under the framework of
the Risk-Neutral Skewness estimation, daily commodity options data are utilised to calculate daily
option-implied skewness without any arbitrary selection of window length as well as frequency. This
chapter embarks on various aspects, such as truncation error, discrete estimation error, interpolation
and extrapolation error to provide empirical robustness.

Up to this writing moment, there is no similar works studying the Risk-Neutral Skewness pricing
effect in the global commodity futures market. Secondly, a comparison exploring for the difference
between the realised skewness (calculated in the way of |[Fernandez-Perez et al. (2018))) and the Risk-
Neutral Skewness is conducted in the view of investment and trading. For investors in the commodity
futures market, the Risk-Neutral Skewness is shown to be superior to its counterpart (the realised
skewness) in terms of profitability, sharp ratio, maxdrawdown and etc.

This chapter is organised as follows, section 2 will go through the literature tha