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ABSTRACT 

My thesis investigates three major issues related to futures markets namely, market 

efficiency, risk premium, and information diffusion in futures. This thesis makes a 

significant contribution to the existing literature of futures markets in several ways. First, 

it introduces a novel market efficiency test in the presence of a time-varying risk premium. 

Second, it introduces a new market efficiency index based on the proposed efficiency test 

to measure the degree of efficiency of futures markets. Third, it estimates and extensively 

investigates futures market risk premiums. Fourth, it introduces a new common factor to 

explain variations common to a cross section of futures returns. The empirical analysis in 

this thesis is based on a comprehensive sample of 202 futures traded on 36 exchanges 

globally that represent six market sectors over the period 2000-2011. The impacts due to 

the recent financial crisis periods are also analysed in my thesis.  

Chapter 1 of this thesis demonstrates the background and research questions, 

motivations, objectives, and contribution. Chapter 2 is dedicated to explain the 

fundamentals of futures markets. In chapter 3, I introduce a new efficiency test for futures 

markets that accounts for time-varying risk premium and conditional heteroscedasticity of 

spot prices. Such a test does not exist in the literature. Using a Monte Carlo simulation, I 

demonstrate that the proposed test is superior to the conventional approaches in the 

literature. The test is used to analyse the efficiency of crude oil, corn, copper and gold 

futures and finds that gold is inefficient during the entire period 2000-2011 while the 

others are efficient after the global financial crisis (GFC) in 2008. Moreover, I find a 

significant impact on risk premiums of the four futures contracts due to the GFC where 

both the size and the volatility of the premiums have been increased. Chapter 4 introduces 

the new market efficiency index which is based on the efficiency test introduced in chapter 

3. This efficiency index is based on the price information corresponding to a series of 

lagged time points prior to the maturity of a contract unlike in a traditional efficiency test 

which is normally based on the information of a single lagged time point. An efficiency 

test finds whether a market is efficient or not, whereas the efficiency index can be used to 

quantify the degree of price efficiency of a futures market. The proposed efficiency index 

uses a kernel based weighting method where the weights are decreased over the time lags 

towards the maturity to reflect the importance of the price information. This index is used 

to examine the market efficiency of 202 futures from energy & fuel, precious metals, 
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industrial materials, and agricultural & live stock markets during 2000-2011. An extensive 

comparison of both efficiency and risk premiums across market sectors, exchanges, and 

regions is done. As a result, I find that the market sector as a key factor for varying risk 

premiums but not for the market efficiency. Futures exchanges and regions where those 

exchanges are located in can be considered as minor factors that may influence the risk 

premiums. Moreover, I find that the GFC has significantly caused to change the risk 

premiums but not the market efficiency. More specifically, a major shift in risk premiums 

towards a positive status can be observed after the GFC. 

In chapter 5, I construct a common factor for futures returns which can be used to 

explain the commonality of returns in a market sector caused by global macroeconomic 

forces. This factor assumes conditional heteroscedasticity in returns and extracts common 

market specific information in futures returns into an index by filtering asset-specific 

idiosyncratic variations. The proposed common factor is used to examine fundamentals of 

different futures market sectors. In this chapter, I find that conditional variances of the 

common factors are increased mainly due to the GFC. Eurozone crisis (EUC) has also 

made an impact to increase conditional variances but it is not severe as the GFC. In the 

same chapter, I perform a dynamic conditional correlation analysis and find evidence for 

increasing trend in correlations among market sectors during 2005-2011. This reveals that 

information related to global macroeconomic factors are shared among the futures 

markets. Financial turmoil temporarily relaxes these linkages between commodity and 

non-commodity futures markets. Moreover, the information diffusion process in futures 

markets is examined in chapter 6. In chapter 6, using a Granger causality analysis, I show 

that the fluctuations in mean returns of precious metals and grains & oilseeds have major 

impacts on other market dynamics especially during crisis periods. Volatility in currency 

futures has also influenced other market volatilities during the GFC. Granger causality in 

extreme downside risks is prominent from commodity markets such as industrial 

materials, precious metals, and agricultural & livestock. Finally, rolling spillover indices 

developed in the same chapter based on impulse response functions demonstrates that the 

impact of shocks of one futures market on other futures markets is also boosted during the 

GFC and EUC. In this thesis, I document that, commodity futures markets play a major 

role in diffusing information related to market shocks to other market sectors.  In contrast, 

the index futures market absorbs information from other markets.  
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  CHAPTER 1

INTRODUCTION 

1.1 Background and Research Questions 

This thesis investigates three major issues related to futures markets namely, 1) the 

efficiency in futures that forms the long-run equilibrium between contemporaneous futures 

prices and the spot price at the maturity, 2) risk premiums in futures that compensate the 

investors against the risk, and 3) information diffusion in futures markets that forms inter-

market and cross-market linkages. Over the past three decades, futures markets have 

undergone significant changes due to alternations in their own market fundamentals and 

also because of macroeconomic challenges they faced. Futures markets consist of 

contracts derived from both commodity and non-commodity assets. Commodity assets are 

linked to various market sectors such as energy & fuel, industrial materials, precious 

metals and agricultural & livestock. Non-commodity assets are originated from equity, 

currency, and fixed-income related markets.  

Commodities play a major role as a popular asset class in futures since its history. 

Commodity futures contracts are derived from physical commodities as well as from those 

indices such as S&P-GSCI Commodity Index. These contracts have become popular 

among both individual and institutional investors. According to a staff report of the U.S. 

Commodity Futures Trading Commission (CFTC, 2008), the total value of various 

commodity index-related instruments purchased by institutional investors have increased 

from an estimated $15 billion in 2003 to at least $200 billion in mid-2008. The rise in 

trading activities in these derivative markets by private agents not engaged in the trade of 

physical commodities has resulted in a loosening of the relationship between those 

derivative markets and physical markets (Nissanke, 2012). In particular, Nissanke (2012) 

suggests that a significant portion of the closely synchronized price dynamics in 

commodity and financial markets is explained by market liquidity in global finance, as 

financial investors manage their portfolio at ease through virtual stock holdings of 

commodities. Thus the volatility dynamics in commodity prices have become excessive of 

what could be explained in the demand-supply fundamentals. Acworth (2014) documents 

that the growths in investments on commodity derivatives from 2012 to 2013 is 36.7% on 

energy, 34.9% on precious metals, and 16.6% on non-precious metals respectively. 
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Apart from the commodity futures, a rapid growth in non-commodity futures 

investment can also be seen according to the Annual Volume Survey 2014 (Acworth, 

2014). This survey highlights growths in trading volumes of fixed-income futures 

contracts in North American region and equity index futures in the Asia-Pacific region 

during recent years. A worldwide growth of 13.6% on interest rate derivatives and 2.3% 

on currency derivatives are evident from the survey. The survey also documents that the 

worldwide market shares of volumes related to futures and options investments are 29.6% 

on individual equities, 24.8% on equity indices, 15.4% on interest rate, 11.5% on 

currency, and the remaining 18.7% on commodities by the end of 2013. 

Due to the increasing demand for the investments on futures markets, a significant 

amount of literature is also focused on these markets. But, issues such as market efficiency 

in the presence of a risk premium, measurement of the risk premium and studying its 

behaviour, lead-lag relationships in prices within and across futures markets, and impacts 

of financial turmoil on futures markets are still in debate. Recently, researchers have 

started paying special attention to the behaviour of commodity futures prices and risk 

premiums due to the increasing demand in investments on commodity index futures. They 

believe that this increasing demand makes commodity markets deviated from their 

demand-supply fundamentals. This phenomenon is known as the financialization of 

commodities which has been extensively discussed in Irwin and Sanders (2012), Tang and 

Xiong (2012), Silvennoinen and Thorp (2013), and many others. More recent research 

have focused specially on the effect of financialization of commodities on food prices 

(Etienne et al., 2014) and energy prices (Fattouh et al., 2013) during the recent crisis 

periods due to the importance of these market prices on macroeconomic factors such as 

inflation and consumer price indices. 

Inspired by these emerging research trends, I raise the following research questions 

in this thesis related to futures markets.  

RQ1: To what extent futures markets are efficient and does the efficiency vary 

across different markets? 

RQ2: How large the futures risk premium is and does it vary across the time and 

across different markets? 
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RQ3: Are futures exposed to common global macroeconomic factors? To what 

extent futures prices/returns explain this commonality? 

RQ4: Could there be information diffusion across futures markets?  

RQ5: Do global macroeconomic events such as financial crisis create an impact on 

futures market fundamentals examined in RQ1-4? 

In order to answer these questions, I focus on the following three main areas in 

futures markets throughout this thesis. First, futures prices, in general, should theoretically 

reflect investors’ rational expectation on future spot prices in an efficient market.  The 

strand of literature related to the conventional approaches in testing market efficiency is 

pioneered by Bilson (1981) which usually assumes risk neutrality in futures investments. 

However, there is evidence for the existence of risk premiums due to the volatility and 

uncertainty in investments and therefore, the risk neutral assumption in conventional tests 

is debatable. Hull (2008) documents that an efficient market could follow the rational 

expectation theory even in the presence of such risk premiums. Furthermore, Hodrick and 

Srivastava (1986) and Brenner and Kroner (1995) argue that testing market efficiency 

using conventional methods misleads the results due to the existence of a stochastic risk 

premium. The above findings reveal the necessity of a market efficiency test in the 

presence of a stochastic risk premium. Such a test does not exist in the literature so far. 

This thesis fills this gap by developing a new market efficiency test under time-varying 

risk premium. The proposed efficiency test is used to develop a market efficiency index 

(RQ1). This new index measures the degree of market efficiency as opposed to the 

conventional tests which determine whether a market is efficient or not. Moreover, the 

proposed market efficiency test provides estimates of time-varying risk premiums of 

futures contracts. Second, I extensively investigate the stochastic behaviour of these 

estimated risk premiums of futures across market sectors and also across the time (RQ2).  

Futures markets may be exposed to global macroeconomic factors similar to the 

other financial markets. Figure 1.1 graphically illustrates how the equity and commodity 

futures markets have been evolved during the period of 2000-2011. In Figure 1.1, the 

equity market is represented by the standardized
1
 S&P 500 index futures prices from the 

nearest contract while the commodity market is represented by the standardized S&P 

                                                 
1 I selected the z-score method of standardization among other techniques as this method helps to clearly visualize the 

fluctuations of a selected time series regardless of the scale of the underlying variables. 
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GCSI index futures prices from the nearest contract. It is evident from the figure that both 

markets have been sharing some common economic cycles. But it also illustrates that 

certain market specific characteristics cause the two markets to move apart in some 

periods. For example, during the mid-2007 to mid-2008 time period, the equity prices 

have fallen while the commodity prices have risen. This contradictory behaviour indicates 

the potential of commodities being used to hedge against the risk in equity market 

investments. After facing the turmoil by both markets during 2007-2008, both the equity 

and the commodity futures markets seem to share the same pattern again suggesting that, 

commodities cannot be used for hedging against the equity market risk any longer. A 

similar pattern of behaviour can be seen in Figure 1.1 during 2000 and 2002 period as 

well. This would probably be due to the post impact of the well-known dot-com bubble 

(Goodnight and Green, 2010).  

 

Figure 1.1: Evolution of S&P 500 and S&P GCSI Futures Prices (2000-2011)  

This figure illustrates how US based equity and commodity futures prices fluctuate during 2000-2011. S&P 500 index futures prices of 

the nearest contract are used as a proxy for the equity index futures while S&P GSCI index futures prices of the nearest contract are 

used as a proxy for the commodity futures markets. Both price series are standardized unconditionally using the mean and standard 

deviations of the overall period in order to minimize scale differences. Data are extracted from Bloomberg.  

Figure 1.2 illustrates S&P GCSI sub-sector index futures prices for major 

commodity sectors namely, energy (SPG_EN), precious metals (SPG_PM), industrial 

materials (SPG_IM) and agricultural (SPG_AG). It is evident from Figure 1.2 that these 

sectors share common macroeconomic cycles with different degrees of sensitivities. For 

example, price fluctuations of energy and industrial materials sectors are greater than the 

agricultural and precious metals sectors during turbulent periods. Such behaviours suggest 

the importance of investigating commodity market sectors separately than compositely. 

Also, industrial materials sector seems to follow the shocks in energy sector, because the 
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patterns illustrated in the graphs corresponding to the energy sector index are reflected 

later on in industrial materials sector index most of the time. This motivates us to examine 

information spillovers across different market sectors.  

 

Figure 1.2: Evolution of S&P GCSI Sub-Sector Futures Prices (2000-2011)  

This figure illustrates how US based commodity futures prices fluctuate during 2000-2011. S&P GSCI sub-sector index futures prices 

of the nearest contracts are used in this figure. SPG_PM , SPG_IM, SPG_EN, and SPG_AG represent precious metals, industrial 

materials, energy, and agricultural sectors respectively. All price series are standardized unconditionally using the mean and standard 
deviations of the overall period in order to minimize scale differences. Data are extracted from Bloomberg.  

Apart from the common behaviours in futures markets, underlying assets in futures 

especially in commodity markets may also be exposed to idiosyncratic factors such as 

seasonality in production and demand, warehousing facilities, transportation costs, taxes, 

regulations etc. In this thesis, I decompose the futures returns into its common and 

idiosyncratic components. Filtration of common market variations from these 

idiosyncratic variations help us to more precisely examine how sensitive these futures 

markets are to the global macroeconomic factors. There is no evidence in the current 

literature on any attempt to extract common market variations from the futures returns. 

Third, I attempt to investigate the market dynamics of futures prices by introducing a 

common factor which captures variations in futures returns into a single index (RQ3). This 

index allows us to examine inter-market and cross-market information diffusion in futures 

more precisely focusing on the macroeconomic impacts as opposed to the previous studies 

that have failed to distinguish the common and idiosyncratic (asset specific) variations in 

returns when testing market linkages (RQ4).  Existence of such linkages between markets 

would create inefficiencies in futures (Narayan et al., 2010). Therefore, understanding of 

the market dynamics of futures is also important to the market participants who seek 

efficient markets. This thesis extensively investigates contemporaneous and lead-lag 



6 

 

relationships between futures market at the macroeconomic level using the proposed 

common factor for futures returns. Findings of this thesis reveal the existence of 

significant relationships between the futures markets. Moreover, these relationships are 

influenced by global macroeconomic events such as the global financial crisis (GFC) 

during 2007-2009 and Eurozone crisis (EUC) during 2010-2011
2
. 

1.2 Motivation 

One of the key issues still on debate in futures markets is the efficiency in futures 

prices (see for example Westerlund et al. (2014) and literature therein). An efficient 

futures market will not be able to yield abnormal returns on short selling contracts at the 

maturity. However, literature also supports for an existence of a risk premium in futures 

investments as a reward for bearing the risk in a turbulent market conditions. The time-

varying characteristic of such risk premiums has made it difficult to test the futures market 

efficiency as the premium component is unobservable. Conventional tests of market 

efficiency in literature so far assume either risk neutrality or constant risk premiums (see 

for example the literature from Bilson (1981) to more recently Westerlund et al. (2014)). 

Motivated by this methodological gap in conventional tests of market efficiency, this 

thesis introduces a new market efficiency test in the presence of a time-varying risk 

premium. The impacts of time-varying properties in the risk premium on the result of 

conventional market efficiency tests are well documented in Hodrick and Srivastava 

(1986) and Brenner and Kroner (1995). Furthermore, I extend the investigation of market 

efficiency by developing a novel efficiency index that accounts for price information from 

a series of time lags prior to the maturity without limiting to a single time point before the 

maturity. The proposed efficiency index can be used to measure the degree of efficiency of 

a market. Contrary to the concept of an efficiency index, the conventional market 

efficiency tests use the price information corresponding to a single time lag to determine 

whether a particular market is efficient or not. 

Risk premium in futures markets is well researched throughout the futures markets 

history starting from Gray (1961) to Szymanowska et al. (2014). However a unique 

methodology for estimating futures risk premium is not yet available. Since the proposed 

market efficiency test in this thesis takes into account a time-varying risk premium, I am 

able to estimate the underlying premiums of futures contracts independently from the 

                                                 
2
 Exact time line of the EUC is still in debate at the time this thesis is written. 
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results of the efficiency test unlike Fama (1984) method where the determination of the 

risk premium depends on the market being not efficient. This motivates me to extensively 

investigate the behaviour of risk premiums associated with futures contracts in the selected 

sample.    

The rapid growth of investments in futures markets tends to increase the price 

volatilities and information flows within and across markets as well. Such behaviours are 

of interest to central banks, policy makers, firms and consumers whose decisions depend 

on their expectations of future inflation. The way a particular market reads/transmits 

information from/to other markets has already been studied by Zhang and Chen (2014) 

and the literature therein. Information content related to the mean return, volatility, and 

risk have been the main focus in the literature. A common feature in the prior studies 

related to information linkages between futures markets is that almost all of these studies 

use price or return series of the underlying assets or index derivatives. However, Stock and 

Watson (2002a) document that such a price or return series usually carries both market 

related common variations as well as own (idiosyncratic) variations such as seasonality in 

production and consumption, costs behind warehousing, transportation, insurance, and 

taxes etc. Thus, variations introduced by these idiosyncratic factors may deteriorate the 

strength of relationships between markets by adding random noise to underlying 

econometric models. Motivated by this gap in the existing literature, this thesis introduces 

a novel common factor to extract market variations common to a cross section of futures 

returns. The novelty in the proposed common factor is its ability to extract variations in 

both means and variances of the underlying return series unlike exiting factorizing 

methods proposed by Stock and Watson (2002a) to identify common factors in 

macroeconomic indicators. Moreover, the proposed common factor in this thesis accounts 

for conditional correlations of underlying returns in contrast to the conventional 

approaches used to extract common factors in the literature.  

Another limitation in the previous empirical studies related to futures market 

linkages is their small cross sectional sample sizes which limit the underlying cross 

sectional variations making the inferences on market-to-market linkages invalid. To the 

best of my knowledge the largest cross sectional sample used in futures literature is 50 

which is in Brooks (2012). This thesis employs a comprehensive sample of 202 futures, 

covering six major market sectors namely, energy & fuels, industrial metals, precious 

metals, agricultural & livestock, index futures, and currency futures traded on 16 
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exchanges worldwide. This allows me to make a comprehensive investigation on cross 

sectional linkages among market sectors, exchanges and regions across the world. 

The impact of the GFC has played a vital role in empirical finance literature due to 

its massive impact on financial markets. The effect of the GFC on futures markets has also 

become an emerging topic in the literature by the time this thesis is written. For example, 

Nissanke (2012) extensively discusses how commodity futures are affected during the 

GFC while Li (2011) investigates the impact on liquidity and volatility of index futures 

due to the GFC. Nevertheless, there is still less agreement about the causal factors of the 

information transmission between futures markets. Prakash and Gilbert (2011) argue that 

volatility of agricultural commodities is no longer simply guided by rules of the 

fundamental factors related to supply and demand. Motivated by the supportive evidences 

on increasing cross-market linkages, volatility, and premiums due to the GFC, I consider 

the GFC as a major crisis event during my sample period, 2000-2011 and attempt to 

measure its impact on market efficiency, risk premiums, and market linkages. In addition, 

I also consider recent EUC into account depending on the limitations due to the data used 

in this study. 

1.3 Research Objectives  

In line with the research questions in section 1.1 and motivations stated in section 

1.2, this thesis is driven through three major developments namely, 1) an approach to 

estimate time-varying futures risk premium, and to test the market efficiency test in the 

presence of a time-varying risk premium, 2) a market index to measure the degree of 

futures market efficiency, and 3) a heteroscedastic common factor to investigate 

commonality and information diffusion in futures markets. Further to these developments, 

the estimated risk premiums in futures are examined thoroughly. More specifically, the 

following sections discuss the main objectives of this thesis. 

 A New Market Efficiency Test in the Presence of a Time-Varying Risk 1.3.1

Premium 

Futures market literature extensively supports the existence of a time-varying risk 

premium in successive term structures. Among others, Dusak (1973), Baxter et al. (1985), 

Fama (1984), Fama and French (1987), Rzepczynski (1987), Sadorsky (2002), 

Gospodinov and Jamali (2011), Ammann and Buesser (2013), Gorton et al. (2013), and  
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Szymanowska et al. (2014) provide adequate evidence for the existence of a time-varying 

futures risk premium. However, conventional market efficiency tests assume either risk 

neutrality or constant risk premium and the related literature spans from Bilson (1981) to 

more recently Westerlund et al. (2014). Hodrick and Srivastava (1986) and Brenner and 

Kroner (1995) extensively discuss potential biases in these conventional market efficiency 

tests when a stochastic risk premium exists. Therefore, my first objective of this study is 

to introduce a new approach to test the market efficiency in the presence of a time-

varying risk premium. Such a test does not exist in the literature. I also intend to 

numerically justify the importance of considering the time-varying risk premium in 

testing market efficiency using a Monte Carlo experiment. In addition, I employ the 

proposed market efficiency test to examine the market efficiency of a selected sample of 

futures. 

 A New Market Efficiency Index for Futures 1.3.2

Despite the acceptance of the theoretical long-run one-for-one relationship between 

the spot price at the maturity and contemporaneous futures prices, empirical studies have 

often failed to prove the efficiency hypothesis (see Longworth (1981), Baillie et al. 

(1983), Glassman (1987), Aggarwal and Sundararaghavan (1987), Hakkio and Rush 

(1989), MacDonald and Taylor (1989), Chowdhury (1991), Diebold et al. (1994), Beck 

(1994), Wang and Ke (2005), Pederzoli and Torricelli (2013)). Alternatively, supportive 

evidence for futures market efficiency can also be found in the literature such as Bilson 

(1981), Lai and Lai (1991), Moosa and Al-Loughani (1994), Lee and Mathur (1999), Lee 

et al. (2000), Floros and Vougas (2008), Fung et al. (2010), Kawamoto and Hamori 

(2011), Stevens (2012) while mixed results are documented in Westerlund and Narayan 

(2013), Kristoufek and Vosvrda (2014), and Westerlund et al. (2014). Moreover, Kellard 

et al. (1999), and Stevens (2012) argue that the result of an efficiency test may depend on 

the time horizon being studied. Kellard et al. (1999) further attempts to measure the short-

run efficiency using a residual based statistic, while Kristoufek and Vosvrda (2014) 

develops a measurement for the efficiency considering martingale properties of prices. 

However, none of these efficiency measures are able to quantify the degree to which 

futures prices follow their long-run expectation relationship with the spot price at the 

maturity. Such a measure is very useful in order to compare futures contracts, their market 

sectors, exchanges, and regions they are traded on. Therefore, in this thesis, I intend to 

introduce an efficiency index to measure the degree that futures contract(s) follow 
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the long-run equilibrium with the underlying spot price(s). The efficiency index can 

take any value between 0 and 1 depending on the degree of efficiency of the market, 

where 0 being the market is inefficient and 1 being fully efficient. Using the proposed 

efficiency index, it is expected to carry out a comprehensive re-examination of market 

efficiency of a worldwide cross sectional sample of futures. It is also expected to 

compare and test the differences in efficiencies among market sectors, futures 

exchanges, and regions of the world. 

 Investigation of Futures Market Risk Premiums  1.3.3

Various methods of estimating futures (forward) risk premiums have been 

introduced and used in the literature such as Fama (1984), Baxter et al. (1985), 

Rzepczynski (1987), So (1987), Wolff (1987), Hirshleifer (1988), Bessembinder (1992), 

McCurdy and Morgan (1992), Considine and Larson (2001), Gospodinov and Jamali 

(2011) and many others. This reveals that the futures risk premiums can be estimated 

either implicitly or explicitly. As suggested in section 1.3.1, the proposed efficiency test 

accounts for a time-varying risk premium. As a result, it is possible to estimate the risk 

premium component of the underlying futures contract simultaneously with testing the 

market efficiency. Using these estimated risk premiums, I intend to perform a thorough 

investigation of the futures market risk premiums and carry out a comparison across 

market sectors, exchanges, and regions.  

 A New Common Factor for Cross Section of Futures Contracts 1.3.4

Information content in futures prices is important not only in predicting future spot 

prices (market efficiency), but also to understand the inter-market and cross-market 

linkages. Contemporaneous informational linkages among futures markets have already 

been studied in a line of  literature by Tse (1998),  Bessembinder and Seguin (1993), 

Hung-Gay et al. (2003), Li and Zhang (2009), Chong and Miffre (2010), Kumar and 

Pandey (2011), Silvennoinen and Thorp (2013) among others. In addition, lead-lag 

relationships across futures markets are studied in Malliaris and Urrutia (1996), Hung-Gay 

et al. (2003), Hammoudeh et al. (2003), Bekiros and Diks (2008), Feng-bin et al. (2008), 

Kaufmann and Ullman (2009), Du et al. (2011), Ali and Gupta (2011), Gebre-Mariam 

(2011), Sari et al. (2012), Halova Wolfe and Rosenman (2014) and many others. Past 

literature provides mixed results on the evidences of inter-market as well as cross-market 

relationships. Moreover, these evidences on market linkages are not only limited just to 
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the information on levels in prices/returns but have also extended to higher moments like 

variances and downside risks. Inter-market relationships help us to understand the 

commonality in futures prices or returns within a particular market while cross-market 

relationships help us to understand how futures markets share common macroeconomic 

information among others (information diffusion). Research on these interactions 

(commonality and information diffusion) in futures markets is still contemporary. More 

importantly, the existing studies use prices or returns from individual futures contracts to 

investigate these interactions. However, it is well-known fact that, underlying assets in 

futures such as commodities are exposed to idiosyncratic factors demonstrated in section 

1.2. By adding value to this strand of literature, I intend to construct a common factor to 

extract common information in a cross section of market returns along with their 

conditional heteroscedasticity. These common factors will certainly help to filter asset 

specific idiosyncratic variations in futures and thereby help to reduce the level of random 

noise that may influence the accuracy of statistical inferences. It is also expected to 

examine both contemporaneous and lead-lag relationships in means, volatility, and 

extreme downside risk between futures markets using the proposed common factors.         

 Impact of Crisis Periods 1.3.5

During the recent global financial crisis, strong linkages were observed among 

different assets and markets. Falling housing prices in the US contributed to the collapse 

of a number of banks and other financial institutions around the globe, which triggered 

sharp declines in global equity markets, commodity prices and international property 

markets (Chan et al., 2011). Therefore the GFC in 2008 is considered as a major event in 

finance literature which has caused significant shifts in financial markets. In fact, the 

impact of the GFC on futures markets is also in debate (Baillie and Cho, 2014; Pederzoli 

and Torricelli, 2013; Silvennoinen and Thorp, 2013; Westerlund and Narayan, 2013; 

Westerlund et al., 2014). In line with these recent developments in the literature, I intend 

to investigate the impact of the GFC on the market efficiency, risk premiums, 

commonality, and the information diffusion in futures. Furthermore, researchers such 

as Mink and de Haan (2013) have studied the impact of the EUC on financial markets 

from 2010 onwards. The empirical analysis based on the proposed common factor of 

futures returns computed using daily data, also allows me to investigate the impact of the 

EUC on the commonality and information diffusion in futures markets. 
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1.4 Originality and Contribution 

Having achieved the set of objectives in section 1.3, my contribution to the 

existing literature and its originality can be outlined as follows. 

1. The proposed market efficiency test in 1.3.1 is the first of its kind which accounts 

for a time-varying risk premium. Implementation of the proposed efficiency test 

overturns existing line of literature in testing market efficiency under risk neutral 

or constant risk premium assumptions starting from Bilson (1981) to Westerlund 

et al. (2014) so far. 

2.  Information extracted from the empirical application of the proposed market 

efficiency test in 1.3.1 into a comprehensive worldwide sample of 202 futures 

contributes to the existing knowledge in futures markets significantly. These 

empirical results consist of a comprehensive comparison of efficiencies between 

market sectors, exchanges and regions of the world to an extent that has not been 

covered yet in the literature. 

3. The investigation of the futures market efficiency in this thesis is not limited to 

an efficiency test. Acknowledging previous attempts of measuring market 

efficiency by Kellard et al. (1999) and Kristoufek and Vosvrda (2014) I 

introduce a market efficiency index as well in section 1.3.3 based on the 

proposed efficiency test in 1.3.1. One of the distinguishing features in my 

proposed efficiency index is that, it is based on the long-run equilibrium 

relationship between contemporaneous futures prices and spot price at the 

maturity unlike previously mentioned approaches such as Kellard et al. (1999) 

which considers short-run efficiency or Kristoufek and Vosvrda (2014) which 

considers martingale properties in prices. The other feature of the proposed index 

is that it accounts for information from a series of lagged time points prior to the 

maturity of a contract instead of a single time lag as in conventional efficiency 

tests.   

4. Fama (1984) could be considered as the origin of the literature where risk 

premiums and spot price changes are measured jointly. In this approach, the 

predictability of the risk premium is possible only if the spot price at the maturity 

is unpredictable, that is when the market is not efficient. The same approach has 

been used by numerous researchers since then to investigate the market 

efficiency and the risk premiums simultaneously. In this respect, the proposed 
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approach is the first in the literature which is capable of estimating the risk 

premium independently without the precondition that the market is efficient. I 

used the estimated risk premiums corresponding to each futures contract in the 

sample to examine the underlying characteristics. In addition, the estimated risk 

premiums are used to do a comparison among market sectors, exchanges and 

regions. The findings from this comparison will enrich the strand of literature on 

futures market risk premiums to a great extent. 

5. This is the first time that a common factor of cross sectional returns is 

implemented in futures market context. This index is similar to the one proposed 

by Stock and Watson (2002a), but the proposed factor accounts for 

heteroscedasticity in returns using the dynamic conditional correlation approach 

by Engle (2002). Therefore, the introduction of the proposed common factor in 

section 1.3.4 makes a significant contribution to the existing literature in terms of 

its novelty in the methodology as well as its application to futures markets.  

6. Previous literature which examines relationships across futures markets has used 

price or return series that carry information related to both market specific 

(common) and asset specific (idiosyncratic) variations. Thus, it is not clear 

whether the significance of the documented relationships between futures 

markets is exactly due to the common variations or idiosyncratic variations or 

both. Therefore, the use of the common factor proposed in 1.3.4 instead to 

investigate relationships across futures markets overcomes this issue. 

Furthermore, the implementation of the proposed common factor using a 

worldwide cross sectional sample of futures also makes a significant contribution 

to the literature in futures markets’ linkages with global macroeconomic factors. 

7. Last but not least, the contribution by taking financial crisis into consideration 

throughout the empirical analysis in this thesis adds a significant value to the 

thesis as the impacts of the GFC and the EUC on financial markets are still on 

debate. Especially in futures market context, studies which consider the impact 

of crisis period(s) on market efficiency and risk premiums are scarce. Findings of 

this study therefore make a significant contribution to the ongoing debate on the 

impacts of crisis periods. 
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1.5 Organization of the Thesis         

This thesis is composed of seven chapters including the current chapter. Chapter 2 

is dedicated for a discussion on the basics of futures markets. This chapter presents 

information about futures contracts, futures exchanges, structure of futures markets, 

history in brief, models of futures prices, and ongoing research issues in futures.  

Chapter 3 starts with a discussion of the existing methods and empirical attempts 

of testing futures market efficiency. Then I introduce the new market efficiency test which 

accounts for a time-varying risk premium and conditional heteroscedasticity in spot prices. 

The introduced test is compared with conventional approaches using a Monte Carlo 

simulation. Results reveal that the proposed is superior to the conventional tests of market 

efficiency. Moreover, the chapter concludes with an extensive discussion on market 

efficiencies and risk premiums of four selected futures contracts.  

I introduce the novel efficiency index in chapter 4 which is based on the efficiency 

test developed in chapter 3. Chapter 4 demonstrates how the proposed efficiency index is 

constructed and then it is implemented to a worldwide cross sectional sample of 202 

futures traded on 16 futures exchanges representing six market sectors. Estimated 

efficiency index values and risk premiums are compared and tested for differences among 

market sectors, exchanges, and regions. 

Chapter 5 introduces the proposed common factor for a cross section of futures 

returns. First, the construction of the common factor is demonstrated step by step. Second, 

I compute the proposed factor index for each market sector and demonstrate their 

stochastic fundamentals and the degree of commonality within market sectors. Third, I 

performed a correlation analysis to investigate contemporaneous relationships between 

futures market sectors. In chapter 6, using the proposed common factor of futures returns 

in chapter 5, I investigate information diffusion across market sectors using Granger 

causality tests corresponding to their means and variances using the Hong (2001) 

approach, and corresponding to their risks using the Hong et al. (2009) approach. Finally, 

I investigate diffusion of information in futures further by quantifying the cross-market 

information flows using spillover indices based on impulse response functions by 

extending the methodology in Diebold and Yilmaz (2009). In this chapter, I also examine 

the impacts of both GFC and EUC in all empirical comparisons. Finally, chapter 7 

concludes this thesis.  
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  CHAPTER 2

AN OVERVIEW OF FUTURES MARKETS 

2.1 Introduction 

In the recent years, derivative markets have become popular in the world of 

finance and investments. Thus, it is essential for the finance professionals to know how 

these markets perform globally. Basically, a derivative is a financial instrument that 

derives its value from values of underlying assets such as commodities, stocks, indexes, or 

interest rates. There are exchange-traded derivatives as well as over-the-counter-traded 

(OTC-traded) derivatives in the market. Futures, Forwards, Options, Warrants, and Swaps 

are the commonly available derivatives in the financial market. Since my main focus is on 

the futures markets, this chapter demonstrates fundamentals of futures contracts, futures 

markets, history of futures, theoretical models of futures prices, and the types of research 

issues related to futures investments.  

2.2 Futures Contracts 

Hull (2008) defines the futures contract as an agreement to buy or sell an asset at a 

certain time in the future for a certain price. There are many exchanges throughout the 

world trading futures contracts. These contracts are both floor-traded
3
 and electronically-

traded
4
. Many of the exchanges have been moving to electronic trading while exchanges 

such as Chicago Mercantile Exchange (CME) trade their futures contracts both 

electronically and on the floor. The first electronic trading system which is named as 

Globex was developed by CME with the collaboration of Reuters Holding in 1989 and 

approved by the Commodity Futures Trading Commission (CFTC)
5
.  

When developing a futures contract, the exchange must specify the exact nature of 

the agreement between the two parties that includes, the underlying asset, the contract 

size, how the price is quoted, when and where the delivery will be made including 

alternative delivery options for deliverable assets such as commodities. Another important 

aspect of futures contracts is their daily marking to market which allows the investors to 

                                                 
3 Traditionally futures contracts are traded using open-outcry system that requires traders to physically meet on the floor 

of the exchange. This is known as the trading pit and a set of hand signals are used to indicate interests of the traders. 
4 In electronic trading, the traders enter their required trades at a computer system which is used to match buyers and 

sellers. 
5 Julia Flynn Siler reports to The New York Times on Feb 3, 1989, p. D6. 
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gain or lose depending on the daily price changes. In order to gain awareness about 

available contracts, Table 2.1 presents an example using the Light Sweet Crude Oil 

Futures traded on the CME. 

Table 2.1 Light Sweet Crude Oil Futures Contract offered by CME Group 

This table presents WTI crude oil contract specifications published by the CME.  

Product Symbol  CL 

Venue CME Globex, CME ClearPort, Open Outcry (New York) 

Hours 

(All Times are New York 

Time/ET) 

CME Globex  Sunday - Friday 6:00 p.m. - 5:15 p.m. New York time/ET 

(5:00 p.m. - 4:15 p.m. Chicago Time/CT) with a 45-minute 

break each day beginning at 5:15 p.m. (4:15 p.m. CT) 

CME ClearPort  Sunday – Friday 6:00 p.m. – 5:15 p.m. (5:00 p.m. – 4:15 p.m. 

Chicago Time/CT) with a 45-minute break each day 

beginning at 5:15 p.m. (4:15 p.m. CT) 

Open Outcry  Monday – Friday 9:00 AM to 2:30 PM (8:00 AM to 1:30 PM 

CT) 

Contract Unit  1,000 barrels 

Price Quotation U.S. Dollars and Cents per barrel 

Minimum Fluctuation  $0.01per barrel 

Maximum Daily Price 

Fluctuation  

Initial Price Fluctuation Limits for All Contract Months. At the commencement of 

each trading day, there shall be price fluctuation limits in effect for each contract 

month of this futures contract of $10.00 per barrel above or below the previous day's 

settlement price for such contract month. If a market for any of the first three (3) 

contract months is bid or offered at the upper or lower price fluctuation limit, as 

applicable, on Globex it will be considered a Triggering Event which will halt 

trading for a five (5) minute period in all contract months of the CL futures contract, 

as well as all contract months in all products cited in the Associated Products 

Appendix of rule 200.06. Trading in any option related to this contract or in an 

option contract related to any products cited in the Associated Products Appendix 

which may be available for trading on either Globex or on the Trading Floor shall 

additionally be subject to a coordinated trading halt. 

Termination of Trading  Trading in the current delivery month shall cease on the third business day prior to 

the twenty-fifth calendar day of the month preceding the delivery month. If the 

twenty-fifth calendar day of the month is a non-business day, trading shall cease on 

the third business day prior to the last business day preceding the twenty-fifth 

calendar day. In the event that the official Exchange holiday schedule changes 

subsequent to the listing of a Crude Oil futures, the originally listed expiration date 

shall remain in effect. In the event that the originally listed expiration day is declared 

a holiday, expiration will move to the business day immediately prior. 

Listed Contracts  Crude oil futures are listed nine years forward using the following listing schedule: 

consecutive months are listed for the current year and the next five years; in addition, 

the June and December contract months are listed beyond the sixth year. Additional 

months will be added on an annual basis after the December contract expires, so that 

an additional June and December contract would be added nine years forward, and 

the consecutive months in the sixth calendar year will be filled in. 

 

Additionally, trading can be executed at an average differential to the previous day's 

settlement prices for periods of two to 30 consecutive months in a single transaction. 

These calendar strips are executed during open outcry trading hours. 

Settlement Type  Physical 

Trading at Settlement (TAS) TAM trading is analogous to our existing Trading at Settlement (TAS) trading 

wherein parties will be permitted to trade at a differential that represents a not-yet-

known price. TAM trading will use a marker price, whereas TAS trading uses the 

Exchange-determined settlement price for the applicable contract month. As with 

TAS trading, parties will be able to enter TAM orders at the TAM price or at a 

differential between one and ten ticks higher or lower than the TAM price. Trading 

at marker is available for spot month on the last trading day. 

 

Light Sweet Crude Oil (CL) spot, 2nd and 3rd months and nearby/second month, 

second/third month and nearby/third month calendar spreads 

 

No-Activity Periods:  



17 

 

4:30 p.m. London time - 5:50 p.m. Eastern time Monday - Thursday  

4:30 p.m. London time Friday - 5:20 p.m. Eastern time Sunday 

Delivery Delivery shall be made free-on-board ("F.O.B.") at any pipeline or storage facility in 

Cushing, Oklahoma with pipeline access to Enterprise, Cushing storage or Enbridge, 

Cushing storage. Delivery shall be made in accordance with all applicable Federal 

executive orders and all applicable Federal, State and local laws and regulations. 

 

At buyer's option, delivery shall be made by any of the following methods: (1) by 

interfacility transfer ("pumpover") into a designated pipeline or storage facility with 

access to seller's incoming pipeline or storage facility; (2) by in-line (or in-system) 

transfer, or book-out of title to the buyer; or (3) if the seller agrees to such transfer 

and if the facility used by the seller allows for such transfer, without physical 

movement of product, by in-tank transfer of title to the buyer. 

Delivery Period  (A) Delivery shall take place no earlier than the first calendar day of the delivery 

month and no later than the last calendar day of the delivery month.  

 

(B) It is the short's obligation to ensure that its crude oil receipts, including each 

specific foreign crude oil stream, if applicable, are available to begin flowing ratably 

in Cushing, Oklahoma by the first day of the delivery month, in accord with 

generally accepted pipeline scheduling practices.  

 

(C) Transfer of title-The seller shall give the buyer pipeline ticket, any other 

quantitative certificates and all appropriate documents upon receipt of payment.  

 

The seller shall provide preliminary confirmation of title transfer at the time of 

delivery by telex or other appropriate form of documentation. 

Source: http://www.cmegroup.com/trading/energy/crude-oil/light-sweet-rude_contract_specifications.html 

Retrieved on the 13th April 2013. 

Futures contracts serve many purposes such as acting like an insurance contracts 

providing protection against uncertain terms of trade on spot markets at the future trade of 

delivery. Because of the institutional arrangement of contracts, trading is more convenient 

compared to the corresponding spot markets. Futures contracts also provide an indication 

about the future demand and supply conditions for the market participants
6
. Most futures 

contracts are not entered with the intention of physically taking or making delivery even in 

the case of commodity futures. As such, futures contracts serve as an instrument of 

hedging against the risks of investments among different types of assets. 

2.3 Futures Markets 

A futures market is a centralized marketplace for buyers and sellers from around 

the world who meet and enter into futures contracts. A futures market attempts to lower 

transaction costs and generate liquidity (Carlton, 1984). These lower transaction costs 

arise from having a smaller amount of unsold and unhedged inventory, more accurate 

price setting, and less search. In addition to hedging, another reason for using a futures 

market is to speculate on one's beliefs about prices. The futures market will produce a 

                                                 
6 This is a conventional view related to futures especially in commodity markets. However, recent studies counter argue 

this view due to well-known process of financialization in commodity futures. More on this issue is discussed later in 

chapter 5 and 6.  
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price that reflects some average of the beliefs of the market participants. Various 

institutions and individuals participate the futures market as illustrated in Figure 2.1 which 

illustrates the common structure of a typical futures market. 

 

Figure 2.1 The Basic Contractual Structure of a Futures market  

This figure illustrates the structure of a typical futures market. This structure may vary depending on the location, size 

and of the exchanges.   

Source: Duffie (1989) p.5 

Exchange Corporations are usually non-profit firms that are incorporated as 

membership associations and operated for the benefit of their members. These members 

are generally engaged in their own business related to futures trading. The purpose of an 

exchange is to provide an organized market place with uniform rules and standardized 

contracts. A futures exchange has its shareholders, a board of directors, and executive 

officers like in any corporation. The essence of a futures market is its exchange members 

and these individual members act on behalf of firms such as brokerage houses, investment 

banks, commodity dealers, or producers. The individuals who are members, nominees of 

members, and others who actually have and use floor privileges are identified as traders. 

These traders can be categorized as floor brokers, day traders, scalpers, and position 

traders depending on the corresponding trading privileges and transaction fees
7
. 

The futures commission merchants (FCM) are an intermediary between its 

customers, and acts as an agent for customers. These FCMs, exchanges, and their 

members are regulated by the CFTC. Customers may establish their futures accounts with 

the FCM. Sometimes, large customers such as producers, exporters, banks, may bypass 

FCMs and trade directly with exchanges. The clearinghouse can be an independent or an 

exchange owned non-profit association, and is responsible for record keeping, margin 

                                                 
7 See Duffie (1989) p.6 for further details about types of traders. 
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requirements, financial oversight of members, and as a guaranty of funds. Therefore a 

clearinghouse supports the financial integrity of a futures market. 

 Market Sectors of Futures  2.3.1

Different kinds of futures are offered by futures and options exchanges worldwide 

in futures markets. In this study, I consider the market sectors that have been classified by 

Bloomberg™. In general, a futures contract can be identified as either a commodity type 

or non-commodity type. More specifically, Table 2.2 illustrates all market sectors of 

futures listed in Bloomberg™ contract table menu which corresponds to either commodity 

or non-commodity type. 

Table 2.2 Market Sectors of Futures listed in Bloomberg™ Contract Table Menu 

This table presents the breakdown of the types and market sectors of futures contracts.  

Futures Type Market Sector Contracts 

Commodity Futures Agricultural & Livestock Corn 

Fibres 

Foodstuff 

Livestock 

Wheat 

Soy 

Other Grain 

Energy & Environment Coal 

Crude oil 

Electricity 

Emissions 

Natural Gas 

Refined Products 

Shipping 

Weather 

Metals & Industrials Base Materials 

Industrial Materials 

Precious Metals 

Non-Commodity Futures Financial Futures Bond 

CDS 

Currency 

Cross Currency 

Interest rate 

Index Futures Equity Index 

Equity Volatility Index 

Housing Index 

Non-Equity Index 

Source: Bloomberg™ Contract Table Menu retrieved on 13th April 2013 

 Futures Exchanges and Trading Volumes 2.3.2

The Futures Industry
8
 magazine documents that there are 84 exchanges that have 

been considered for their annual volume survey in 2012 (Acworth, 2013), and there were 

81 exchanges in the annual survey in 2011 (Acworth, 2012). Thus, the number of 

                                                 
8 http://www.futuresindustry.org/futures-industry.asp retrieved on 13th April 2013. 
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exchanges is unstable not only due to the newcomers but also due to merging and 

acquisitions going on at existing exchanges. For example, CME Group and 

BM&FBOVESPA announced that they have agreed to become global strategic partners 

and develop a new multi-asset class electronic trading platform that will be deployed by 

BM&FBOVESPA for use in its cash equities and derivatives markets in February 2012
9
. 

In addition, CME group has already merged with world leading futures and options 

exchanges such as Chicago Board of Trade (CBOT) and New York Mercantile Exchange 

(NYMEX) in the recent past. According to the annual volume survey of 2012, CME 

Group leads the futures and option markers with a trading volume of 2,890,036,506 in 

year 2012 (Acworth, 2013). The same survey reports that 35.6% of the trading volume of 

futures and options is recorded by the Asia Pacific region while 33.6% is from the North 

America. The rest of the trades belong to Europe (20.7%), Latin America (8.2%), and 

other regions (1.9). Table 2.3 illustrates the top 40 derivative exchanges based on the total 

trading volume in 2012 and open interest by December 2012 along with their annual 

percentage changes compared with year 2011 (Acworth, 2013). Table 2.3 ranks the 

exchanges according to the trading volume of the exchange for 2012. 

Table 2.3 Top 40 Derivative Exchanges based on Trading Volume in 2012 

This table presents the ranks of futures exchanges according to trading volumes during the year 2012. In addition to the trading volumes 

in column 1, open interest values are also presented in column 3. Corresponding annual changes are calculated with respect to the 
previous year’s values. 

  Jan-Dec 2012 Annual Dec 2012 Annual 

Rank Exchange Volume % Change Open Interest % Change 

1 CME Group 2,890,036,506 -14.7% 69,940,737 -10.7% 

2 Eurex * 2,291,465,606 -18.8% 79,088,999 -14.1% 

3 National Stock Exchange of India 2,010,493,487 -8.6% 7,786,961 31.5% 

4 NYSE Euronext * 1,951,376,420 -14.5% 46,795,803 -8.2% 

5 Korea Exchange 1,835,617,727 -53.3% 2,553,351 -27.6% 

6 BM&FBovespa 1,635,957,604 9.0% 63,739,705 23.0% 

7 CBOE Holdings * 1,134,316,703 -6.8% 16,312,240 12.7% 

8 Nasdaq OMX * 1,115,529,138 -13.9% 6,770,453 2.5% 

9 Moscow Exchange 1,061,835,904 -3.4% 3,797,729 18.1% 

10 Multi Commodity Exchange of India 959,613,240 -19.8% 2,364,256 44.5% 

11 Dalian Commodity Exchange 633,042,976 119.0% 2,265,275 43.3% 

12 Intercontinental Exchange ** 473,895,526 24.4% 73,128,103 982.8% 

13 Shanghai Futures Exchange 365,329,379 18.5% 1,242,174 16.1% 

14 Zhengzhou Commodity Exchange 347,091,533 -14.6% 1,142,206 22.1% 

15 ASX Group 259,966,030 15.4% 16,073,167 21.0% 

16 BSE 243,757,257 78.5% 68,370 51.3% 

17 TMX Group * 209,352,769 3.8% 4,231,977 -2.9% 

18 Osaka Securities Exchange 205,130,168 5.6% 4,382,878 50.1% 

19 London Metal Exchange 159,719,781 9.0% 1,892,457 -9.3% 

20 JSE South Africa 158,996,880 -4.3% 13,465,018 4.4% 

21 Taiwan Futures Exchange 156,731,912 -14.4% 238,981 323.3% 

22 BATS Exchange * 130,624,660 -11.9% N/A N/A 

                                                 
9 CME Group News Release: “CME Group and BM&FBOVESPA to Become Global Preferred Strategic Partners, 

Jointly Develop a New Multi-Asset Class Trading Platform and to Expand Cross-Equity Ownership” retrieved from 

http://cmegroup.mediaroom.com/index.php?s=43&item=2985&pagetemplate=article on the 10th September 2013. 
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  Jan-Dec 2012 Annual Dec 2012 Annual 

Rank Exchange Volume % Change Open Interest % Change 

23 Hong Kong Exchanges and Clearing 119,802,638 -14.7% 5,317,952 -10.4% 

24 China Financial Futures Exchange 105,061,825 108.4% 110,386 127.9% 

25 Singapore Exchange 80,548,318 11.4% 2,555,953 108.5% 

26 London Stock Exchange Group 68,584,760 -20.5% 7,790,121 -15.8% 

27 Tel-Aviv Stock Exchange 67,179,795 -32.1% 7,790,121 -15.8% 

28 MEFF 67,176,529 -0.6% 10,195,290 -9.7% 

29 Tokyo Financial Exchange 66,925,893 -53.8% 983,014 -27.1% 

30 Turkish Derivatives Exchange 62,474,464 -15.9% 274,556 3.2% 

31 Rosario Futures Exchange 51,071,227 -7.1% 1,343,236 -51.1% 

32 National Commodities and Derivatives Exchange 44,885,711 -5.3% 183,118 -13.5% 

33 Mexico Derivatives Exchange 42,630,658 -8.8% 7,407,279 -67.5% 

34 Tokyo Stock Exchange 29,079,934 17.6% 762,720 40.0% 

35 Athens Derivatives Exchange 28,261,224 170.9% 377,266 19.9% 

36 Tokyo Commodity Exchange 25,479,111 -19.5% 353,513 9.2% 

37 Warsaw Stock Exchange 11,307,717 -27.1% 137,211 3.3% 

38 Oslo Stock Exchange 10,826,940 -20.3% 694,098 -32.0% 

39 Thailand Futures Exchange 10,457,928 4.3% 238,981 323.3% 

40 Malaysia Derivatives Exchange 9,596,896 13.4% 214,065 40.4% 
* Open interest for these exchanges does not include options traded in the U.S. and cleared by OCC. 

** Includes OTC products converted to futures on Oct. 15 

Source: Acworth, 2013. FIA Annual Volume Survey: Trading Falls 15.3% in 2012. Futures Industry, p.22 

2.4 A Brief History of Futures 

Duffie (1989) documents that the futures trading may date back to India at about 

2000 B.C., that had subsequently been appeared in Greco-Roman times. These markets at 

that time were more likely to be similar to forward contracts than the futures. Also, there 

are examples of organized forward markets in Europe and Japan in the 17
th

 and 18
th

 

century. Rice was traded in Osaka, Japan in the 1730s. However, the modern form of 

futures markets for corn and wheat were originated in the mid-19
th

 century in the United 

States since the establishment of Chicago Board of Trade in 1848. Then, the New York 

Cotton Exchange was established in 1870 to govern cotton futures. Due to the instability 

in spot prices, the Grain Futures Act was introduced in 1922 by a board designated by the 

US Secretary of Agriculture. This regulation was extended to traders and brokerage firms 

in 1936 and amendments were introduced in 1968, and 1974 after the establishment of the 

CFTC in the same year. The introduction of financial futures in 1970 has changed the role 

of the entire futures markets by rapidly increasing trading volumes and shifting the focus 

towards investments than securing price risks. Active financial futures markets were  

introduced in the US as well as outside of US such as in England and Japan. Electronic 

trading is introduced for futures markets in 1980s as a result of emerging computer and 

information technology. CME has implemented its Globex trading system in 1989 after 

the approval by CFTC. Here in after exchanges have increasingly replaced their traditional 

systems by electronic trading. Electronic trading is the common platform at present and 

there are 84 exchanges engaged with trading futures by the end of 2013 (Acworth, 2014). 
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2.5 Theoretical Models of Futures Prices 

Futures price should reflect the expectation in future spot price at the maturity. 

However, futures markets may suffer from uncertainties due to the global economic 

conditions, weather, storage, and other supply/demand related issues. Thus, futures prices 

may react to speculations due to variations in real-time spot prices in the cash markets as 

well. In fact, according to the literature, the relationship between futures prices and 

corresponding spot prices has been viewed in two ways. The first theory is related to the 

cost and convenience of holding inventories namely the cost of carry relationship 

(Working, 1949), while the second theory uses a risk premium component to derive a 

model that relates the short-term prices to long-term prices to which is known as the 

expectation relationship (Hicks, 1939; Keynes, 1930). This study mainly considered the 

expectation relationship to test the market efficiency in futures. However, following 

sections discuss both of the above mentioned models in brief. 

 The Cost of Carry Relationship 2.5.1

In the cost of carry model, activity of arbitrageurs exercises the equilibrating 

pressure between the futures price and the spot price at a particular time point. If the 

futures price is below the spot price plus the costs of carry, arbitrageurs will sell short the 

underlying asset, lend the money, and buy the futures contract. On the expiration date of 

the futures contract, the arbitrageurs will take delivery of the underlying asset paying with 

the proceeds of the maturing loan, and deliver under the short sale, earning a riskless 

profit. This arbitrage activity is referred to as reverse cash and carry. On the other hand, if 

the current futures price exceeds the spot price plus the costs of carry, arbitrageurs will 

spend cash and carry arbitrage. In this case, they will sell the futures contract, borrow and 

buy the underlying asset. At the date of expiration date, the arbitrageurs will deliver the 

underlying asset to satisfy their obligations under the futures contract and use the proceeds 

to repay their loan, again earning a riskless profit. 

Kaldor (1939) introduces the concept of the convenience yield to explain why 

participants are willing to pay a premium to hold the underlying asset. According to 

Kaldor (1939), manufacturers may wish to hold sufficient stocks of raw materials due to 

the uncertainty of demand for the final product and they will continue to hold these stocks 

even when the futures price is below the cash price. In this situation reverse cash and carry 

arbitrage will exert only limited pressure on the futures price because those who hold the 
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underlying commodity will not be willing to lend them to short-selling arbitrageurs at zero 

cost. He worked out the relationship between the spot price, 𝑆(𝑡𝑖,𝑗
𝛿 ), and the forward price, 

𝐹′(𝑡𝑖,𝑗
𝛿 ), as in equation (2.1), where 𝑡𝑖,𝑗

𝛿  is the time point 𝛿 days prior to the maturity day of 

contract 𝑖 of a commodity 𝑗. 

𝐹′(𝑡𝑖,𝑗
𝛿 ) − 𝑆(𝑡𝑖,𝑗

𝛿 ) = 𝑟(𝛿) − 𝑐(𝛿) + 𝑞(𝛿) (2.1) 

Here, 𝑟(𝛿) is the risk-free rate, 𝑐(𝛿) is the carrying cost, and 𝑞(𝛿) is the marginal yield for 

𝛿 days prior to the maturity day. It should be noted that 𝑐(𝛿) = 0 for financial futures. 

Apart from the fundamental differences between forward and futures markets
10

 most 

literature have treated them as if they were synonymous. A development of the 

fundamental model in (2.1) (see among others, Cox et al. (1981); Richard and Sundaresan 

(1981); Schwartz (1997)), is known as the continuous time equilibrium model of the cost 

of carry relationship between futures price,  𝐹(𝑡𝑖,𝑗
𝛿 ) and spot price, 𝑆(𝑡𝑖,𝑗

𝛿 ) which is 

illustrated in equation (2.2). 

𝐹(𝑡𝑖,𝑗
𝛿 ) = 𝑆(𝑡𝑖,𝑗

𝛿 )𝑒𝑐𝑦(𝛿)  (2.2) 

Here, 𝑐𝑦(𝛿) is the 𝛿-days net convenience yield such that, 𝑐𝑦(𝛿) = 𝑟(𝛿) − 𝑐(𝛿) + 𝑞(𝛿). 

The central assumption of the traditional Theory of Storage is that the convenience yield is 

a function of the inventory level which as a decreasing rate as the inventory rises (Gorton 

et al., 2013). If the underlying asset is a currency, then the convenience yield becomes, 

𝑐𝑦(𝛿) = 𝑟(𝛿) − 𝑟𝑓(𝛿), where 𝑟𝑓(𝛿) is the foreign risk-free interest rate for 𝛿 days prior to 

the maturity. If the underlying asset is an investment asset that issues dividends such as 

stock indices, then, 𝑐𝑦(𝛿) = 𝑟(𝛿) − 𝑦(𝛿), where 𝑦(𝛿) is the known dividend yield of 

underlying stock(s) for 𝛿 days
11

. Also, if the underlying asset is a treasury bond, equation 

(2.2) is modified into equation (2.3) by assuming a holder with a known income as 

illustrated in Hull (2008) p.133.  

𝐹(𝑡𝑖,𝑗
𝛿 ) = [𝑆(𝑡𝑖,𝑗

𝛿 ) − I(𝑡𝑖,𝑗
𝛿 )]𝑒𝑟(𝛿)  (2.3) 

Here, I(𝑡𝑖,𝑗
𝛿 ) is the present value of the coupons during the life of the futures contract. 

Furthermore, if the underlying asset is non-tradable such as VIX futures, the cost of carry 

                                                 
10 Futures contracts are daily marked to market but forward contracts are not. Moreover, Futures prices will depend on 

the correlation of spot prices and interest rates, while forward prices will not. See for example, Cox et al. (1981) for 

further discussion. 
11 See Hull (2008) pp. 97-122 for a discussion in detail for these definitions in the cost of carry relationship. 
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relationship in (2.2) does not hold (Shu and Zhang, 2012). It should also be noted that the 

difference between the current spot price and the current futures price, i.e., 𝐹(𝑡𝑖,𝑗
𝛿 ) −

𝑆(𝑡𝑖,𝑗
𝛿 ) is known as the basis at the time point, 𝑡𝑖,𝑗

𝛿 . 

A futures market is said to exhibit backwardation if the net convenience yield, 

𝑐𝑦(𝛿) is positive and contango if 𝑐𝑦(𝛿) is negative. Pindyck (2001) estimates the 

convenience yield in energy futures such as crude oil, heating oil, and gasoline, and 

documents that, the convenience yield; 1) has unpredictable variations, 2) provides 

evidence for backwardation, 3) is economically significant, and 4) is positively correlated 

with the spot price. Another important characteristic of the net convenience yield (i.e. the 

basis) is that it converges to zero when the futures contract approaches its maturity, that is 

𝑐𝑦(𝛿) → 0 when 𝛿 → 0. Moreover, the stochastic behaviour of the convenience yield has 

been extensively documented by various researchers such as Casassus and Collin-

Dufresne (2005); Gibson and Schwartz (1990); Schwartz and Smith (2000); Schwartz 

(1997), and Liu and Tang (2011). 

Kolb and Overdahl (2007) argues that the cost of carry model in the theory of 

storage is appropriate for pricing contracts when the underlying commodity is: 1) easy to 

short sell, 2) easy to store, 3) in plentiful supply, and 4) is not subject to any marked 

seasonal pattern in either production or consumption. They also demonstrate that the cost 

of carry model breaks down for commodities (or other types of assets) that do not meet the 

criteria outlined above. Nevertheless, the cost of carry model is invariably employed to 

price futures contracts on financial instruments such as stock indexes and foreign 

currency. Specifically, stocks and foreign currencies can be sold short, the available 

supplies are very large, they are highly storable and the supply and the demand for these 

instruments are not subjected to seasonality (Hull, 2008).  

 Expectation Relationship 2.5.2

The proposition of expectation relationship in futures was initiated with the pure or 

unbiased expectations theory developed by Fisher (1930), Keynes (1930) and Hicks 

(1939). The unbiasedness (pure expectations) theory of the term structure is established 

under five assumptions as follows (Juttner et al., 1985). 

i. all securities are riskless 

ii. there are no taxes and transactions costs 
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iii. securities with different maturities are perfect substitutes 

iv. investors seek to maximise expected returns 

v. investors have homogenous expectations regarding future short-term yields 

Assuming all these assumptions hold, futures markets provide a mechanism by 

which individuals can lock in today the price that they will have to pay for a good or asset 

on a future date. Consequently, Cox et al. (1981) formulate the expected spot price at the 

maturity date 𝑡𝑖,𝑗 as in (2.4). 

𝐸𝛿[𝑆(𝑡𝑖,𝑗)] = 𝐹(𝑡𝑖,𝑗
𝛿 )  (2.4) 

Equilibrium relation in (2.4) provides us the fundamental theory of unbiasedness 

expectation in futures but it is based on a set of strict assumptions that a real life market 

would not be capable to satisfy. Longstaff (2000) has shown that the expectations 

hypothesis in (2.4) holds at the very short end of the term structure, but most of the other 

studies that focus on longer horizons have rejected the expectations hypothesis. According 

to the Futures Trading Commission, hedgers have positions in the underlying cash markets 

and typically take futures positions to hedge against undesirable price movements in the 

cash markets. Speculators are the ones who do not have any positions in cash markets. The 

hedgers’ positions in the cash markets are almost never short term, so the longer-maturity 

contracts serve their hedging needs better. In addition, the longer the maturity, the lesser it 

is the rolling over costs incurred by the hedgers down the road. When there are a lot of 

hedging activities relative to speculating activities, a risk premium may become an 

important determinant of the futures rate and the futures-spot basis, and eventually the 

pure expectation hypothesis in (2.4) may not hold. When there is not a lot of hedging, the 

risk premium may not be an important component and therefore, the pure expectation 

hypothesis is likely to hold (Inci and Lu, 2007). As far as the risk of investments in long 

maturities are concerned, Cox et al. (1981), Fama (1984), Fama and French (1987), and 

many others extend the expectation hypothesis in (2.4) with a risk premium that an 

investor is compensated with a reward for bearing the risk during the holding period of a 

futures contract. The continuous time form of such a risk-adjusted expectation relationship 

can be illustrated as in equation (2.5). 

𝐸𝛿[𝑆(𝑡𝑖,𝑗)] = 𝐹(𝑡𝑖,𝑗
𝛿 )𝑒𝜋(𝑡𝑖,𝑗

𝛿 ) (2.5) 
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An absolute measure of the risk premium, 𝜋(𝑡𝑖,𝑗
𝛿 ) in (2.5) is not observable. However, the 

existence of a risk premium and its time-varying properties are evident due to systematic 

risk and hedging pressure (Bessembinder 1992). The size of the risk premium 

monotonically increases with the time to maturity of the contract. Risk premium becomes 

an increasingly more important component of the futures-spot basis as the maturity of the 

contract gets longer (Inci and Lu, 2007). Various authors have attempted to analyse and 

estimate such risk premiums. For example, Hirshleifer (1988) decomposes the futures risk 

premium considering its systematic risk and residual risk. As in the capital asset pricing 

model, the commodity futures risk premium consists of not only the systematic risk (i.e., 

the covariance with the market portfolio of traded assets) but also a component related to 

the volatility of spot prices (Gorton et al., 2013). Gorton and Rouwenhorst (2006) report 

that the systematic risk component of the risk premium is relatively small. Fama (1984) 

attempts to predict the risk premium using the variations in futures basis, 𝐹(𝑡𝑖,𝑗
𝛿 ) − 𝑆(𝑡𝑖,𝑗

𝛿 ). 

Wolff (1987), Cheng (1993), and Chiou Wei and Zhu (2006) use the Kalman filtering 

method to estimate the risk premium considering it as a state variable. Gorton et al. (2013) 

demonstrate that both risk premium and convenience yield in commodity markets are 

related to inventories. 

 Especially in commodity futures, Keynes (1930) and Hicks (1939) assumes that 

commodity producers and inventory holders hedge future spot price risk by taking short 

positions in the futures market. To induce risk-averse speculators into taking the opposite 

long positions, current futures prices are set at a discounted price equipment (i.e., is 

“backwardated”) to the expected future spot prices at maturity, where the futures risk 

premium, 𝜋(𝑡𝑖,𝑗
𝛿 ) is the size of this discount. This phenomenon is known as Normal 

Backwardation in general which has also become a common feature in non-commodity 

markets. Interest rate may affect the size of the risk premium however, the sign of this 

effect has been given theoretical justification for being either positive or negative
12

. Most 

futures models incorporating premiums are variations on the classic theme of normal 

backwardation. These hedging pressure models link the risk premium to asymmetry 

between demand and supply by hedgers and speculators. Eventually, excessive short 

                                                 
12 The argument for an inversely related risk premium and interest rates states that, rates follow a mean reverting process 

such that at those times when interest rates are low (high) there is a higher probability for increases (decreases) which 

will lead to security price losses (gains). The argument for a positive relationship between premiums and interest rates 

states that with high interest rates there is a higher opportunity cost of holding money substitutes such that there is a 

corresponding increase in long-term rates (Rzepczynski, 1987).  
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(long) hedging forces the futures price to be below (above) the realized terminal price 

(Rzepczynski, 1987). 

 In this thesis I mainly consider the risk-adjusted expectation model in equation 

(2.5) in order to test the efficiency of futures market. I also consider the time-varying 

property in risk premiums for testing the market efficiency. In contrast, conventional tests 

of market efficiency are usually based on the unbiased expectation model in equation 

(2.4). Further discussion on testing market efficiency using these models is available in 

chapter 3.   

2.6 Research Issues in Futures 

Futures market research and its literature have been increased in volume vastly 

over the past few decades. According to Blank (1989) economic analyses of futures 

markets continue to centre around two basic questions namely, do these markets have 1) 

social value?, and 2) economic value to firms?. Although, this thesis is limited to the first 

research issue, brief descriptions of both issues are available in the following sections.  

 Social Value of Futures 2.6.1

Macroeconomists use commodity futures and spot prices to forecast inflation. 

International economists use the forward discount, or the ratio of futures to spot price in 

the currency market, to forecast movements in exchange rates. Financial economists use 

the yield spread to forecast bond and stock returns (Hong and Yogo, 2012). Economists 

tend to credit market instruments with positive "social value" if they are judged to be 

contributing to pricing efficiency and/or improving resource allocation (Kamara, 1982). 

Assessments of futures market pricing efficiency have considered issues ranging from 

factors affecting price variance to identifying risk levels and risk premiums 

(Szymanowska et al., 2014). The existence of normal backwardation and its expected 

effects on price relationships and risk premiums are still being debated.  

Hypotheses concerning pricing efficiency and improving resource allocation 

through risk reduction have been the centre of most empirical research addressing issues 

of the markets' social value (see for example Gorton et al. (2013)). Questions involved in 

this type of analysis include whether the markets respond quickly (efficiently) to 

information and whether the response is "accurate" in that resulting price levels make 

resource allocations more efficient (Blank, 1989). If futures prices adjust quickly to new 
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information and the effect is transferred to the spot market through arbitrage between the 

two markets, then the futures market would function to help reduce market frictions in the 

spot market. Hence, market operation efficiency will be greater in the presence of the 

futures market compared to without its presence (Bae et al., 2004). Apart from its own 

characteristics, price dynamics of futures may depend on the fundamentals of other related 

assets. Casassus et al. (2012) show that the economic linkage between two commodities 

implies a source of long-term correlation between the futures returns. Examples of such 

economic linkages may include production relationships (Barros et al., 2011), substitution 

relationships (Gardebroek and Hernandez, 2013), and complementary relationships 

(Manera et al., 2014). This thesis also contributes to the strand of literature on social value 

of futures by investigating the pricing efficiency, risk premiums, and information diffusion 

roles in futures.  

 Economic Value to Firms 2.6.2

Futures markets were established to give an economic value for firms by 

facilitating forward pricing of products. Questions receiving attention with respect to this 

respect deal with how to use the markets to gain the greatest benefit. In this regard, 

empirical research has dealt with questions related to hedging, determining optimal hedge 

ratios, placing hedges into a portfolio framework, and seeking decision rules to aid in 

marketing decision making  (Blank, 1989). Traditional hedging was the focus of most 

early firm-level futures market research. The central issue addressed was "to hedge or not 

to hedge?" Despite arguments of Working (1949) to the contrary, it was often assumed 

that risk reduction was the primary goal of hedgers. Another issue addressed is on the 

concerns with risks that cannot be eliminated by hedging. For example, correlation 

between spot and futures prices could not be perfect for numerous economic reasons (Lien 

and Yang, 2008). Therefore, basis risk remained and hedging the entire spot position (a 

ratio of one for hedged output to spot output) was not the lowest risk strategy (Blank, 

1989). As a result, analysts began studying hedging pressure in futures markets and 

estimating optimal hedge ratios for particular products (Bessembinder (1992); Bond et al. 

(1985); Dewally et al. (2013); Karp (1987); Lien and Yang (2008); Pennings and 

Meulenberg (1997); Tornell and Yuan (2012)). 

This thesis does not address issues behind hedging and basis risks directly. 

However, empirical evidences related to risk premiums in chapter 3 may shed light for the 

investors for selecting assets into their portfolios to minimize their risks. 
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2.7 Summary 

This chapter discusses the fundamentals related to futures contracts, futures 

markets, and futures trading. Different market sectors of futures are also considered 

corresponding to both commodity and non-commodity types. Underlying theoretical 

models of futures pricing namely, 1) the cost-of-carry model and 2) the expectation model 

are demonstrated. Cost-of-carry model represents the relationship between current spot 

price and current futures price of a contract that matures in a future date. Expectation 

relationship demonstrates the theoretical equilibrium between the current futures price and 

the futures spot price at the maturity. In the latter relationship, a risk premium is associated 

and is unobservable. Furthermore, research issues in futures markets have been discussed. 
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  CHAPTER 3

A NOVEL APPROACH TO TEST MARKET EFFICIENCY 

UNDER STOCHASTIC RISK PREMIUMS 

An article based on this chapter was submitted for possible publication in the 

Journal of Financial Markets as a joint work with my supervisors, I.M. Premachandra 

and Hai Lin. It is under review at the time I edit this this chapter. A conference paper 

based on this chapter was also presented at the New Zealand Finance Colloquium 2013, 

07-08 February 2013, held at the University of Otago, New Zealand, and at the World 

Finance Conference 2014, 02-05 July 2014, Venice, Italy. I contributed to the paper by 

reviewing literature, retrieving data, coding the model in Matlab, tabulating results and 

writing the first draft. Co-authors assisted with model development and analysis, and 

provided editorial input into final drafts. I gratefully acknowledge comments and 

suggestions made by the discussants and participants of these conferences.    

3.1 Introduction 

Hypotheses concerning pricing efficiency and improving resource allocation 

through risk reduction have been the centre of most empirical research addressing issues 

of the markets' social value as discussed in section 2.6.1. An efficient futures market 

would be one in which the prices of traded futures reflect all available information. When 

a market is efficient, the price signals generated in the futures market should accurately 

reflect the future spot price of the underlying asset. This proposition has been tested by 

various researchers throughout the history of futures markets, but it is still in debate. This 

chapter extends the theory in testing the market efficiency of futures by proposing a new 

approach that accounts for both time-varying risk premium and conditional 

heteroscedasticity of spot prices. The conventional market efficiency tests so far in the 

literature are based on either risk neutral or constant risk premium assumptions as such 

they tend to be biased towards the rejection of the market efficiency hypothesis especially 

for commodity futures (Brenner and Kroner, 1995). The time-varying risk premium of the 

proposed is estimated using a state space model with a modified Kalman filter. Using a 

Monte Carlo simulation, I show that the proposed test produces robust and superior results 

under varying market conditions compared to the conventional approaches. By employing 

the proposed test I analyse the efficiency of crude oil, corn, copper and gold futures at the 
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end of this chapter. Results reveal that gold futures is inefficient throughout the sample 

period 2000-2011 while others are efficient especially after the global financial crisis 

(GFC) in 2008. I also find significant changes in the underlying risk premiums due to the 

GFC. 

3.2 Efficiency in Futures: What is it and How to Test? 

Participants of a futures market can choose among the assets and make their 

investment decisions under the assumption that prices at any time "fully reflect" all 

available information. A market in which prices always "fully reflect" available 

information is called "efficient” (Fama, 1970). More specifically, Fama (1970) has 

classified the efficiency into three categories as follows. 

 Weak form efficiency, 

 Semi-strong form efficiency, and  

 Strong form efficiency.  

The weak form efficiency indicates that the information of all the past prices is reflected in 

today’s prices. The semi-strong efficiency implies that all public information is contained 

in current prices. The strong form efficiency indicates that all information in a market, 

whether public or private, is accounted for in prices. Investigating the efficiency of futures 

markets is vital for the investors to effectively speculate and hedge. On the other hand, 

efficiency of futures markets is important for the regulators to detect any problems in 

operating such markets and take remedial actions. The weak form efficiency of futures 

markets is the form of efficiency focused mostly in past literature. Difficulties involved in 

the Fama’s interpretations of the market efficiency theory are discussed by Grossman and 

Stiglitz (1980). They document that Fama’s efficient market must “implode” as it cannot 

exist without sophisticated traders
13

. And these sophisticated traders may disappear from 

an efficient market, making it inefficient. Grossman and Stiglitz (1980) helped researchers 

to understand that Fama’s assumption hides complex issues related to the functioning of 

actual markets such as the number, motives and behaviour of sophisticated traders. In 

                                                 
13 A competent sophisticated trader knows how to use market anomalies for his own benefit (profit). He eliminates the 

key market anomaly – the appearance of dependent (serially correlated) price changes. Serial correlation may tend to 

produce bubbles in the price series or a long-term price slump if the current change depends on some past price 

change. In the creation of such potential anomalies, Fama’s sophisticated traders see opportunities for profits. Since 

they know how to assess fundamentals – intrinsic stock values, they sell stocks when prices are above the fundamental 

value and buy stocks when prices are below the fundamental value. Thus they prevent the bubbles from ever occurring 

and keep the market close to the state of efficiency. 
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addition to Fama’s definition of ‘informational efficiency’, Hansen and Hodrick (1980) 

defines the “simple efficiency” while Bilson (1981) defines the “speculative efficiency” 

considering the risk neutrality (there is no risk premium and hence the current futures 

prices is an unbiased estimate of the future spot price) and rationality conditions (there is a 

risk premium but changes in current futures prices fully reflect the changes in future spot 

prices) in futures. This thesis mainly considers the rationality conditions in futures prices 

to test the market efficiency. 

From another point of view, if a market is efficient in weak form, no trading rule 

can achieve an expected risk-adjusted net return greater than the comparable figure for risk 

free assets (Jensen, 1978). According to Taylor (1992), a futures market can be called 

inefficient if expected excess returns on risky assets are positive and systematic risk of 

risky assets with respect to a market portfolio is zero or negative. Furthermore, Taylor 

(1992) argues that inefficient pricing is a more plausible explanation of the trading profits 

than a time-varying risk premium. 

 Past Research on Futures Market Efficiency 3.2.1

When a market is weakly efficient, prices will fully reflect the available 

information in historical prices that is the market adjusts prices fully and instantaneously 

when a new information becomes available. Chowdhury (1991) examines the market 

efficiency of four nonferrous metals futures (copper, lead, tin, and zinc) traded on London 

Metal Exchange (LME), and concludes that those futures markets are not efficient. 

Fujihara and Mougoue (1997) also study the futures market efficiency of crude oil, heating 

oil, and unleaded gas futures. They provide evidence against market efficiency as far as 

linear dependence between prices is concerned, however they support the efficiency 

hypothesis under non-linear dependence.  Morgan et al. (1994) test for the efficiency 

based on the stationarity of the futures bias (difference between spot price at the maturity 

and the current futures prices) in four commodities, cocoa, coffee, sugar and wheat. They 

found that all four markets exhibit efficiency under the assumptions of rationality and risk 

neutrality.  

Among recent studies in the new millennium, Wakita (2001) investigates the  

market efficiency of Japanese Dojima rice during 1603-1867 and concludes that the 

summer market has a relatively higher risk premium compared with the spring and autumn 

markets.  Wang and Ke (2005) examine the efficiency of Chinese wheat and soybean 
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futures markets, and find that, soybean futures market is efficient while wheat futures 

market is inefficient during 1998-2002.  Another study which is based on Chinese metal 

futures (copper and aluminium) undertaken by Xin et al. (2006) show that China’s copper 

and aluminium futures markets are efficient. Their results support the process of price 

discovery because futures prices in their case can be considered as unbiased predictors of 

future spot prices. Switzer and El-Khoury (2007) examine the efficiency of the New York 

Mercantile Exchange (NYMEX) crude oil futures contract market during periods of 

extreme conditional volatility due to the Iraqi war in 2003. They document that, crude oil 

futures contract prices are cointegrated with spot prices and unbiased predictors of future 

spot prices. Market efficiency in crude oil futures is also studied by Kawamoto and 

Hamori (2011). They mainly examine the risk premiums of futures contracts under 

different maturities (one month to 8 months). They conclude that, the crude oil futures 

prices are efficient from the nearest month to 8 months prior to maturity. Stevens (2012) 

also documents evidence of efficiency in crude oil futures.  

Moreover, Gebre-Mariam (2011) investigate the efficiency of US natural gas 

futures and find that the efficient market hypothesis holds for contracts with only about a 

month to maturity, but not for far months. Huisman and Kilic (2012) examine to what 

extent the electricity futures prices contain expected risk premiums or have the power to 

forecast spot prices. They conclude that the predictability of spot prices and risk premiums 

depends on the type of the assets. Motivated by these fuzzy conclusions on the market 

efficiency Kristoufek and Vosvrda (2014) introduce a measure for the degree of market 

efficiency in futures. They use 25 commodities as the sample and rank them by the 

realized level of efficiency. They document that energy commodities are the highest 

efficient while the agricultural and livestock commodities are the lowest. However, 

Kristoufek and Vosvrda (2014) consider the martingale property in prices to test the 

market efficiency. In contrast I propose a market efficiency index in chapter 4 based on 

the price discovery function of futures prices.  

Apart from the commodity futures, the efficiency of non-commodity markets have 

also been tested during past decades. For example, Rendleman and Carabini (1979) 

document the inefficiency of Treasury bill futures market and thus, quasi-arbitrage 

opportunities may exist for investors. Longworth (1981) provides evidence of 

inefficiencies in Canadian-U.S. foreign exchange markets and also documents that risk 

premiums exist in these markets. Glassman (1987) documents that inefficiency exists in 
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foreign exchange markets, but such inefficiencies do not correspond to periods of financial 

turbulence. Chung (1991) investigates the efficiency of stock index futures and estimates 

the underlying arbitrage profits. In contrast, Yadav and Pope (1994) identify arbitrage 

opportunities that are actually exploitable and economically significant in index futures. 

Evans (2006) provides supportive evidence for market efficiency in stock index futures 

using FTSE100 contracts. Andreou and Pierides (2008) investigate inefficiencies in newly 

developed markets such as Athens Derivatives Exchange. They find that a large part of the 

mispricing is due to transaction costs, but additional factors, such as anticipated volatility 

and time to maturity, may also contribute. Furthermore, Floros and Vougas (2008) 

document evidence of efficiencies in Greek stock index markets while Cummings and 

Frino (2011) document about inefficiencies in Australian stock index futures. 

In addition to testing market efficiency in futures markets, another strand of 

literature documents the reliability of different trading rules on market efficiency. For 

example, Taylor (1992) documents that profits from currency futures trading is not merely 

due to chance, that is they can also be traded profitably. Furthermore, Szakmary and 

Mathur (1997) demonstrate that central bank intervention is strongly associated with the 

profitability of trading returns for currency futures. Similarly Shen, Szakmary and Sharma 

(2007) and Szakmary, Shen and Sharma (2010) provide evidence for making abnormal 

profits from commodity futures by applying trend-following trading rules.  

In a nutshell, it is evident that there is not any distinct conclusion about the market 

efficiency in futures markets. Findings may vary by the market sector of futures, time 

period considered, and more importantly the method being used to test the efficient market 

hypothesis. The issue of the method being used in testing market efficiency is discussed 

extensively in Hodrick and Srivastava (1986) and Brenner and Kroner (1995). Moreover, 

Brenner and Kroner (1995) critically analyse theoretical issues such as biases in 

conventional market efficiency tests used in previous studies. According to Brenner and 

Kroner (1995), the major reason for such biases in conventional market efficiency tests is 

due to the underlying stochastic properties of the difference between current futures price 

and the future spot prices. Existence of a stochastic differential makes it evident for the 

possibility of the existence of a time-varying risk premium (Hodrick and Srivastava, 

1986). I attempt to overcome the above mentioned theoretical shortcomings of 

conventional market efficiency tests by developing a new market efficiency test which 

incorporates a time-varying risk premium in the test as demonstrated in section 3.3.  
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 Conventional Tests of Futures Market Efficiency 3.2.2

The conventional tests of futures market efficiency so far have been based on the 

joint assumptions of risk neutrality (no-risk premium) and rationality (speculators cannot 

expect excess returns). That is, the market efficiency is tested by testing the “unbiasedness 

hypothesis” on the risk-adjusted expectation relationship illustrated in the equation (2.4) in 

section 2.5.2, i.e. 𝐸𝛿[𝑆(𝑡𝑖,𝑗)] = 𝐹(𝑡𝑖,𝑗
𝛿 ). Accordingly, following the work of Fama (1975), 

Bilson (1981) introduces a test for futures (forward) market efficiency using a price-

change model illustrated in equation (3.1). 

 𝑠(𝑡𝑖,𝑗) − 𝑠(𝑡𝑖,𝑗
𝛿 ) = 𝛽0,𝑗 + 𝛽1,𝑗[𝑓(𝑡𝑖,𝑗

𝛿 ) − 𝑠(𝑡𝑖,𝑗
𝛿 )] + 휀𝛿(𝑡𝑖,𝑗) (3.1) 

Here, 𝑠(𝑡𝑖,𝑗
𝛿 ), 𝑠(𝑡𝑖,𝑗), and 𝑓(𝑡𝑖,𝑗

𝛿 ) are the natural logarithms of actual prices 𝑆(𝑡𝑖,𝑗
𝛿 ), 𝑆(𝑡𝑖,𝑗), 

and 𝐹(𝑡𝑖,𝑗
𝛿 ) respectively for a contract 𝑖 of an asset 𝑗. Market efficiency is tested jointly 

with 𝛽0,𝑗 = 0 , 𝛽1,𝑗 = 1 and serially uncorrelated 휀𝛿(𝑡𝑖,𝑗). The same model in (3.1) has 

been used by various authors therein such as Hodrick and Srivastava (1986), Barnhart and 

Szakmary (1991), Serletis (1991), Switzer and El-Khoury (2007) and many others to test 

the market efficiency in different types of futures markets. In addition, using the same 

model in (3.1), Fama (1984), and Fama and French (1987) discuss the predictability of 

spot price change 𝑠(𝑡𝑖,𝑗) − 𝑠(𝑡𝑖,𝑗
𝛿 ) using the basis 𝑓(𝑡𝑖,𝑗

𝛿 ) − 𝑠(𝑡𝑖,𝑗
𝛿 )14. Most of these studies 

reject the unbiasedness hypothesis while estimating negative values for 𝛽1,𝑗. Brenner and 

Kroner (1995) documents the theoretical reasons for observing such negative values for 

𝛽1,𝑗 using the cointegration specification in Engle and Granger (1987). Hodrick and 

Srivastava (1986) also argue the validity of testing the market efficiency hypothesis using 

the model in (3.1) due to possible serial correlations in the residuals, 휀𝛿(𝑡𝑖,𝑗). Another 

major reason for the biasedness towards rejecting the unbiasedness hypothesis in 

efficiency tests which are based on the model in (3.1) is significantly non-zero 𝛽0,𝑗 due to 

the existence of a risk premium (Fama (1984), Boothe and Longworth (1986), Fama and 

French (1987), Switzer and El-Khoury (2007)).    

Another market efficiency test that has become popular is based on the argument 

that if the future spot (𝑆(𝑡𝑖,𝑗)) and current futures (𝐹(𝑡𝑖,𝑗
𝛿 )) prices have a stochastic trend, 

                                                 
14

 Fama (1984), and Fama and French (1987) also analyse the predictability of forward premiums 𝑠(𝑡𝑖,𝑗) −

𝑓(𝑡𝑖,𝑗
𝛿 ) by forward basis 𝑓(𝑡𝑖,𝑗

𝛿 ) − 𝑠(𝑡𝑖,𝑗
𝛿 ) using a second regression model, 𝑠(𝑡𝑖,𝑗) − 𝑠(𝑡𝑖,𝑗

𝛿 ) = 𝛽0,𝑗 +

𝛽1,𝑗[𝑓(𝑡𝑖,𝑗
𝛿 ) − 𝑠(𝑡𝑖,𝑗

𝛿 )] + 𝜖𝛿(𝑡𝑖,𝑗). However, they do not test the efficiency hypothesis using these models. 
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then a necessary condition for the unbiasedness hypothesis to hold a cointegrating 

relationship between 𝑆(𝑡𝑖,𝑗) and 𝐹(𝑡𝑖,𝑗
𝛿 ) with a cointegrating vector (1, -1). That is, this test 

involves fitting the cointegrating regression in equation (3.2). 

𝑠(𝑡𝑖,𝑗) = 𝛽0,𝑗 + 𝛽1,𝑗𝑓(𝑡𝑖,𝑗
𝛿 ) + 휀𝛿(𝑡𝑖,𝑗) (3.2) 

Initially, the two-step procedure of Engle and Granger (1987) have been used to test the 

cointegration between 𝑠(𝑡𝑖,𝑗) and 𝑓(𝑡𝑖,𝑗
𝛿 ) which requires testing the stationarity of 

residuals 휀𝛿(𝑡𝑖,𝑗). Then the unbiasedness hypothesis is tested by testing the joint 

hypothesis 𝛽0,𝑗 = 0 , 𝛽1,𝑗 = 1 (Baillie and Bollerslev (1989), Chowdhury (1991), Bessler 

and Covey (1991), Schroeder and Goodwin (1991), Barnhart and Szakmary (1991)). 

However, the two step method of testing the cointegration has limitations due to its 

inability to test more than two variables for cointegration and also due to other statistical 

limitations discussed by Miljkovic (1999). 

Later, Johansen and Juselius (1990) introduce a maximum-likelihood cointegrating 

rank test which is capable of testing the cointegration in a single test under multivariate 

context which also includes testing the restrictions on a cointegrating vector. Since then, 

this approach has become more popular in testing the unbiasedness hypothesis. For 

example, among others, Lai and Lai (1991), and Masih and Masih (1995) use the 

cointegration rank test of Johansen and Juselius (1990) to test the efficiency of currency 

futures, Ackert and Racine (1999) for testing efficiency of equity index futures, Wang and 

Ke (2005) for testing commodity futures. The cointegration rank test of Johansen and 

Juselius (1990) is believed to be superior compared to the two-step procedure of Engle and 

Granger (1987) in testing the cointegrating relationship between the current (log) futures 

price 𝑓(𝑡𝑖,𝑗
𝛿 ) and the future (log) spot price 𝑠(𝑡𝑖,𝑗). But, in terms of testing unbiasedness, 

the joint null hypothesis 𝛽0,𝑗 = 0 , 𝛽1,𝑗 = 1 in the model in equation (3.2) can be expected 

to be rejected due to either 𝛽0,𝑗 ≠ 0 (existence of a constant risk premium) or the existence 

of serial correlation in the residuals (휀𝛿(𝑡𝑖,𝑗)) (Brenner and Kroner, 1995). Moreover, 

Westerlund and Narayan (2013) discuss about estimation biases in the cointegration 

regressions due to underlying conditional heteroskedasticity in prices. As a remedy, they 

propose a weighted least squared estimation method to test the market efficiency which 

accounts for the conditional heteroskedasticity. 
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In sum, it is evident that conventional tests of market efficiency are mostly focused 

on the unbiasedness hypothesis assuming risk neutrality which is derived from the interest 

rate parity assumption in the currency market (Brenner and Kroner, 1995; Hansen and 

Hodrick, 1980). These tests suffer from estimation biases as discussed above. Taking a 

step forward on the literature in testing futures market efficiency, I propose the new 

market efficiency test in the presence of a time-varying risk premium in section (3.3). 

3.3 A New Efficiency Test Assuming a Time-Varying Risk Premium 

By adding a new dimension to the existing literature on the futures market 

efficiency, this section develops a novel market efficiency test which accounts for time-

varying risk premium and conditional heteroscedasticity. This approach of testing the 

market efficiency is different from the conventional approaches due to the following two 

aspects: 1) I test market efficiency in the presence of a risk premium by testing the rational 

expectation hypothesis in equation (2.5) instead of the unbiasedness hypothesis in 

equation (2.4). 2) I assume the risk premium to be time-varying rather than a constant risk 

premium specification as in conventional approaches. One of the advantages of the 

proposed approach is that it allows both backwardation and contango effects to exist in 

futures prices over the time horizon. Moreover, the rational expectation model allows for 

serial correlations of price changes in an informationally efficient market when risk 

preferences shift. This supports the argument that martingale
15

 property does not shed light 

on the generally posed issue of market efficiency documented by Lucas (1978).  

In order to develop the proposed market efficiency test, the natural logarithmic 

form of the expectation model in equation (2.5) is used. Here, I assume that 𝑆(𝑡𝑖) follows 

a lognormal distribution. Then I define the conditional mean, 𝜇𝛿(𝑡𝑖,𝑗) and the conditional 

variance, 𝜎𝛿
2(𝑡𝑖,𝑗) of the logarithmic spot price at maturity, 𝑠(𝑡𝑖) where 𝛿 is the number of 

days prior to the maturity of a contract 𝑖 of an asset 𝑗 such that; 

𝜇𝛿(𝑡𝑖,𝑗) = 𝐸𝛿[𝑠(𝑡𝑖)] , and   

𝜎𝛿
2(𝑡𝑖,𝑗) = 𝑉𝑎𝑟𝛿[𝑠(𝑡𝑖)].  

                                                 
15 Martingale is a model of a fair game where knowledge of past events never helps to predict the mean of the future 

winnings. 
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Thus the expected value of the actual spot price at the maturity, 𝑆(𝑡𝑖,𝑗) which is assumed 

to follow a lognormal distribution, can then be written as; 

𝐸𝛿[𝑆(𝑡𝑖,𝑗)] = 𝑒𝜇𝛿(𝑡𝑖,𝑗)+0.5𝜎𝛿
2(𝑡𝑖,𝑗)  

Using the logarithmic transformation of the above equation, I can illustrate the main 

model to be tested for market efficiency as in equation (3.3). 

𝐸𝛿[𝑠(𝑡𝑖,𝑗)] = 𝑓(𝑡𝑖,𝑗
𝛿 ) + 𝜋(𝑡𝑖,𝑗

𝛿 ) − 0.5𝜎𝛿
2(𝑡𝑖,𝑗)  (3.3) 

That is, if a market for a selected futures 𝑗 is efficient at lag 𝛿 with an expected risk 

premium of 𝜋(𝑡𝑖,𝑗
𝛿 ), then the equation (3.3) should hold. Thus, testing the efficient market 

hypothesis in the presence of a risk premium according to the proposed approach is 

equivalent to testing the null hypothesis that equation (3.3) holds for a selected asset’s 

futures. 

The estimation of risk premium, 𝜋(𝑡𝑖,𝑗
𝛿 ) in (3.3) is controversial as it is 

unobservable by nature. Fama (1984) predicts the risk premium for futures using the basis 

𝑠(𝑡𝑖,𝑗
𝛿 ) − 𝑓(𝑡𝑖,𝑗

𝛿 ). However, this approach does not allow us to test the market efficiency. 

Casassus and Collin-Dufresne (2005) use the method of maximum likelihood to estimate 

the risk premium as a state variable by inverting the principle components of observed 

variables
16

. A state space model with Kalman filtering is an alternative approach being 

used to estimate such unobservable variables without using external proxies. This 

approach is initially introduced to finance research by Wolff (1987) and then by Cheng 

(1993) to estimate exchange rate risk premiums, and followed by Schwartz (1997), Chiou 

Wei and Zhu (2006), and Trolle and Schwartz (2009) to estimate risk premiums in 

commodity markets. I also use a state space model to estimate the time varying risk 

premium, but with a modified Kalman filtering. That is, my approach allows the 

conditional variance of future spot price to vary with the time according to a GARCH 

process, which is more appropriate as suggested by Westerlund and Narayan (2013).  

The state space form of equation (3.3) that I use in the proposed efficiency test is 

given in equations (3.4) and (3.5), 

𝑠(𝑡𝑖,𝑗) = 𝛽1,𝑗𝑓(𝑡𝑖,𝑗
𝛿 ) + 𝜋(𝑡𝑖,𝑗

𝛿 ) − 0.5𝜎𝛿
2(𝑡𝑖,𝑗) + 휀𝛿(𝑡𝑖,𝑗)         (3.4) 

                                                 
16 See Casassus and Collin-Dufresne (2005), Collin-Dufresne et al. (2008) for further details of the procedure. 
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𝜋(𝑡𝑖,𝑗
𝛿 ) = 𝛾0𝑗 + 𝛾1𝑗𝜋(𝑡𝑖−1,𝑗

𝛿 ) + 𝜂(𝑡𝑖,𝑗
𝛿 )                                   (3.5) 

where equation (3.4) is known as the measurement equation with a random error 휀𝛿(𝑡𝑖,𝑗), 

and equation (3.5) is known as the state equation, which assumes an AR(1) process 

between the current and previous risk premiums with a white noise error term, 𝜂(𝑡𝑖,𝑗
𝛿 ). 

Here, 𝜋(𝑡𝑖−1,𝑗
𝛿 ) represents the 𝛿-day risk premium during the period [𝑡𝑖−1,𝑗

𝛿 , 𝑡𝑖−1,𝑗], i.e., the 

corresponding risk premium of the previous maturity cycle. A reasonable justification for 

assuming an AR(1) process for the risk premium (apart from other ARMA specifications) 

can be found in Wolff (1987), Cheng (1993), and Chiou Wei and Zhu (2006). It should be 

noted that the intercept term of the equation (3.4) represents a time-varying risk premium 

𝜋(𝑡𝑖,𝑗
𝛿 ) unlike the constant term 𝛽0,𝑗 in conventional approaches. The error terms 휀𝛿(𝑡𝑖,𝑗) 

and 𝜂(𝑡𝑖,𝑗
𝛿 ) are assumed to be serially uncorrelated and bivariate-normally distributed as 

illustrated in (3.6). 

(
휀𝛿(𝑡𝑖,𝑗)

𝜂(𝑡𝑖,𝑗
𝛿 )

)~𝑁 [(
0
0
) , (

𝑅𝑗
𝛿 𝐶𝑗

𝛿

𝐶𝑗
𝛿 𝑄𝑗

𝛿
)]  (3.6) 

Here, 𝑅𝑗
𝛿 and 𝑄𝑗

𝛿 are unconditional variances of 휀𝛿(𝑡𝑖,𝑗) and 𝜂(𝑡𝑖,𝑗
𝛿 ), respectively, and 𝐶𝑗

𝛿  is 

the covariance between 휀𝛿(𝑡𝑖,𝑗) and 𝜂(𝑡𝑖,𝑗
𝛿 ). The standard Kalman filter assumes 𝐶𝑗

𝛿 = 0. 

However, I assume that 𝐶𝑗
𝛿 ≠ 0, which allows us to create a model where both 휀𝛿(𝑡𝑖,𝑗) and 

𝜂(𝑡𝑖,𝑗
𝛿 ) are correlated due to shared information from the market at time 𝑡𝑖,𝑗

𝛿 . I use the 

method proposed by Cheng (1993) 
17

 to estimate the covariance term 𝐶𝑗
𝛿 . 

A standard Kalman filter also assumes a constant variance, 𝑉𝑎𝑟[휀𝛿(𝑡𝑖,𝑗)] = 𝑅𝑗
𝛿, 

ignoring its time-varying properties. However, this assumption is not realistic due to the 

heteroscedastic nature of spot prices. Therefore, in this study, I modify the Kalman filter 

by assuming that 휀𝛿(𝑡𝑖,𝑗) in (4a) follows a GARCH(1,1) process
18

 as illustrated in (3.7) 

and (3.8), 

휀𝛿(𝑡𝑖,𝑗) = 𝜉(𝑡𝑖,𝑗)𝜎𝛿(𝑡𝑖,𝑗)                                        (3.7) 

𝜎𝛿
2(𝑡𝑖,𝑗) = 𝜑0,𝑗 + 𝜑1,𝑗휀𝛿

2(𝑡𝑖−1,𝑗) + 𝜑2,𝑗𝜎𝛿
2(𝑡𝑖−1,𝑗)         (3.8) 

                                                 
17 See Cheng (1993) for the proof of the proposed modified estimation. 
18 Though various GARCH models are introduced to capture the volatility in financial data, here I consider a 

GARCH(1,1) model, as it is the most common and the simplest model for the estimation with a minimum number of 

model parameters. 
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where, 𝜉(𝑡𝑖,𝑗)~𝑁(0,1), and 𝜎𝛿
2(𝑡𝑖,𝑗) is the conditional variance which follows a 

GARCH(1,1) process (Bollerslev, 1986). That is, I estimate the coefficients in equations 

(3.4-3.8) by letting the conditional variance 𝜎𝛿
2(𝑡𝑖,𝑗) to vary with time instead of assuming 

it a constant, 𝑅𝑗
𝛿 (see section 3.3.1 for the modified Kalman Filter algorithm). I also follow 

the Seo (2007) method in estimating the likelihood function of the Kalman filter with a 

time-varying conditional variance, 𝜎𝛿
2(𝑡𝑖,𝑗). 

The proposed efficiency test is composed of two steps. First, according to Baillie 

and Bollerslev (1989), Bessler and Covey (1991), Chowdhury (1991), Chow (1998),  

Kellard et al. (1999),  Wang and Ke (2005), Westerlund and Narayan (2013), and many 

others, a cointegration between 𝑠(𝑡𝑖,𝑗) and 𝑓(𝑡𝑖,𝑗
𝛿 ) is a necessary condition for the 

existence of market efficiency but not a sufficient condition as the cointegrating vector 

𝑠(𝑡𝑖,𝑗) − 𝛽0,𝑗 − 𝛽1,𝑗𝑓(𝑡𝑖,𝑗
𝛿 ) may deviate from (1 0 -1) (when testing under risk neutrality). I 

use this as a necessary condition in the proposed test as well (in the presence of a time-

varying stationary risk premium) and therefore in step-(i) I test for the cointegration 

relationship in equation (3.4). Second, if the efficient market hypothesis holds for a 

selected futures contract, then in equation (3.4) the condition, 𝛽1,𝑗 = 1 should hold. 

Therefore, I test the null hypothesis  𝛽1,𝑗 = 1 in step-(ii). It is to be noted here that the 

traditional t-test cannot be used to test the hypothesis 𝛽1,𝑗 = 1, in the cointegration 

relationship and hence the likelihood ratio test is used instead. The two step procedure 

adopted in the proposed test (hereinafter referred to as PROP) to test the market efficiency 

at a particular time lag 𝛿 prior to its maturity is summarised below.  

Step-(i): Test for the stationarity of the residuals, 휀𝛿(𝑡𝑖,𝑗) in equation (3.4) using the 

critical values of Phillips and Ouliaris (1990).  This test is equivalent to 

testing the existence of a cointegration relation between 𝑠(𝑡𝑖,𝑗) and 𝑓(𝑡𝑖,𝑗
𝛿 ). 

Step-(ii): If the residuals in Step-(i) are stationary, then test for the restriction,  

H0: 𝛽1,𝑗 = 1, in equation (3.4) using a likelihood ratio test described below. 

I compute the log likelihood (say 𝐿𝐿𝑢𝑟,𝑗
𝛿 ) of the unrestricted model in equations 

(3.4-3.8) and the log likelihood (say 𝐿𝐿𝑟,𝑗
𝛿 ) of the restricted version of (3.4-3.8) for an 

efficient market by imposing the restriction, 𝛽1,𝑗 = 1.  Under the null hypothesis that the 
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market is efficient (i.e.,  𝛽1,𝑗 = 1), I compute the log likelihood ratio test statistic
19

, 𝐿𝐿𝑅𝑗
𝛿 

as in (3.9), following Neyman-Pearson Lemma. 

𝐿𝐿𝑅𝑗
𝛿 = −2(𝐿𝐿𝑟,𝑗

𝛿 − 𝐿𝐿𝑢𝑟,𝑗
𝛿 ) ~𝜒𝜈

2  (3.9) 

Here, 𝜈 is the number of restrictions in the null hypothesis which is one in this case. If 

𝐿𝐿𝑅𝑗
𝛿 is significantly greater than the corresponding critical value 𝜒𝜈,𝛼

2 , I conclude that the 

efficient market hypothesis is rejected for the corresponding futures contract at time lag 

𝛿.
20

 

If both the stationarity in step-(i) and the restriction in step-(ii) are accepted, I 

conclude that the futures market is efficient at time lag 𝛿 on its spot market. If the 

stationarity in step-(i) is accepted but the restriction in step-(ii) is not, then I conclude that, 

the market is inefficient even though a cointegrating relationship between 𝑠(𝑡𝑖,𝑗) and 

𝑓(𝑡𝑖,𝑗
𝛿 ) may exist. Finally, if the stationarity in step-(i) is rejected, I do not proceed on to 

step-(ii), concluding that the futures market has no cointegrating relationship with its spot 

market and hence the market efficiency hypothesis is rejected. Hence, such contracts are 

also classified as inefficient.  

The modified Kalman filter used in the proposed efficiency test is illustrated in 

section 3.3.1. 

 Algorithm for the Modified Kalman Filter 3.3.1

In order to operationalize the proposed futures market efficiency test, I transform 

the traditional linear Kalman filter equations into univariate context. I set the coefficient of 

the state variable in the measurement model (i.e., the coefficient of 𝜋(𝑡𝑖,𝑗
𝛿 ) in 3.4) to unity, 

assuming that the risk premium, 𝜋(𝑡𝑖,𝑗
𝛿 ) carries the total bias between 𝑠(𝑡𝑖,𝑗) and 𝑓(𝑡𝑖,𝑗

𝛿 ). 

The likelihood function of the Kalman Filter is modified to obtain the estimates of 

GARCH(1,1) process in equation (3.8) in parallel with other model parameters in equation 

(3.4) and (3.5). In order to achieve an efficient convergence of the Kalman filter, the initial 

values are estimated using an OLS regression, 𝑠(𝑡𝑖,𝑗) = 𝛽1,𝑗𝑓(𝑡𝑖,𝑗
𝛿 ) + 𝜋(𝑡𝑖,𝑗

𝛿 ) + 휀𝛿(𝑡𝑖,𝑗)  

and an AR(1)-GARCH(1,1) process for the residual series, 휀𝛿(𝑡𝑖,𝑗). The following steps 

                                                 
19 Alternatively I can use Wald test, but according to Fears et al. (1996) Wald’s test is not as efficient as the likelihood 

ratio test. 
20 It is to be noted here that the parameter estimates in (3.4-3.8) are specific for each lag 𝛿 i.e., time 𝑡𝑖,𝑗

𝛿 , but I drop the 

superscript 𝛿 from the parameters, 𝛽1,𝑗 , 𝛾0,𝑗 , 𝛾1,𝑗 , 𝜑0,𝑗 , 𝜑1,𝑗 , and 𝜑2,𝑗  to simplify the notations. 
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are repeated from the first maturity day (𝑡1,𝑗) to the last maturity day (𝑡𝑁𝑗,𝑗
) where 𝑁𝑗 is the 

number of contracts of futures 𝑗. I use MATLAB™ to code the entire algorithm. 

Step-A: Compute Kalman gain;  𝐾𝑗
𝛿 = 𝑃𝑗

𝛿/[𝑃𝑗
𝛿 + 𝜎𝛿

2(𝑡𝑖,𝑗)] 

Step-B:  Compute measurement error 휀𝛿(𝑡𝑖,𝑗) such that, 

   휀𝛿(𝑡𝑖,𝑗) = 𝑠(𝑡𝑖,𝑗) − 𝛽1,𝑗1𝑓(𝑡𝑖,𝑗
𝛿 ) − 𝜋(𝑡𝑖,𝑗

𝛿 ) + 0.5𝜎𝛿
2(𝑡𝑖,𝑗)  

Step-C: Update state value; 𝜋𝑛𝑒𝑤(𝑡𝑖,𝑗
𝛿 ) = 𝜋(𝑡𝑖,𝑗

𝛿 ) + 𝐾𝑗
𝛿휀𝛿(𝑡𝑖,𝑗) 

Step-D: Update state-update error variance; 𝑃𝑗
𝛿,𝑛𝑒𝑤 = (1 − 𝐾𝑗

𝛿)𝑃𝑗
𝛿 

Step-E: Update measurement error 휀𝛿
𝑛𝑒𝑤(𝑡𝑖,𝑗) such that, 

   휀𝛿
𝑛𝑒𝑤(𝑡𝑖,𝑗) = 𝑠(𝑡𝑖,𝑗) − 𝛽1,𝑗𝑓(𝑡𝑖,𝑗

𝛿 ) − 𝜋𝑛𝑒𝑤(𝑡𝑖,𝑗
𝛿 ) + 0.5𝜎𝛿

2(𝑡𝑖,𝑗)  

Step-F: Project conditional variance ahead such that, 

   𝜎𝛿
2(𝑡𝑖+1,𝑗) = 𝜑0,𝑗 + 𝜑1,𝑗[휀𝛿

𝑛𝑒𝑤(𝑡𝑖,𝑗)]
2
+ 𝜑2,𝑗𝜎𝛿

2(𝑡𝑖,𝑗)  

Step-G: Project state value ahead such that, 

   𝜋(𝑡𝑖+1,𝑗
𝛿 ) = 𝛾0𝑗 + 𝛾1𝑗 𝜋

𝑛𝑒𝑤(𝑡𝑖,𝑗
𝛿 ) + 𝐶𝑗

𝛿휀𝛿(𝑡𝑖,𝑗)/[𝑃𝑗 + 𝜎𝛿
2(𝑡𝑖,𝑗)]  

Step-H: Project state-update error variance ahead such that,   

𝑃𝑗
𝛿,𝑛𝑒𝑥𝑡 = 𝑃𝑗

𝛿,𝑛𝑒𝑤𝛾1𝑗
2 + 𝑄𝑗

𝛿 −
(𝐶𝑗

𝛿)
2

[𝑃𝑗 + 𝜎𝛿
2(𝑡𝑖,𝑗)]

− 2𝛾1𝑗𝐶𝑗
𝛿𝐾𝑗

𝛿 

Step-I:  Cumulate (negative) log likelihood;  

   𝐿𝐿𝑗
𝛿 = 𝐿𝐿𝑗

𝛿,𝑜𝑙𝑑 + 0.5 [𝑙𝑛{𝑃𝑗
𝛿 + 𝜎𝛿

2(𝑡𝑖,𝑗)} + {휀𝛿
𝑛𝑒𝑤(𝑡𝑖,𝑗

𝛿 )}
2
/{𝑃𝑗

𝛿 + 𝜎𝛿
2(𝑡𝑖,𝑗)}]  

After N iterations of step-A to step-I, the final likelihood value is obtained for the futures 

𝑗. I iterate the procedure until the log likelihood is maximized with respect to the 

parameter vector [𝛽1,𝑗, 𝛾0𝑗, 𝛾1𝑗, 𝜑0,𝑗, 𝜑1,𝑗, 𝜑2,𝑗, 𝐶𝑗
𝛿 , 𝑄𝑗

𝛿] of the futures 𝑗. Standard 

constraints (𝜑0,𝑗, 𝜑1,𝑗, 𝜑2,𝑗 > 0 and 𝜑1,𝑗 + 𝜑2,𝑗 < 1) are used for feasible estimates of 

GARCH parameters (𝜑0,𝑗, 𝜑1,𝑗, 𝜑2,𝑗) and state model error variance 𝑄𝑗
𝛿. 

I also notice that contracts are available only for a limited number of months 

throughout the year for certain assets. For example, the corn futures contracts on Chicago 

Mercantile Exchange (CME) are available with maturities in March, May, July, 

September, and December. When the contract months are unevenly specified like this, the 

time distances between successive contracts become unequal which could possibly 

introduce a bias in estimating the risk premium in equation (3.5). In order to overcome this 
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problem, I estimate an intermediary risk premium following the method proposed by 

Jones (1980). Suppose contracts are available for the 𝑗𝑡ℎ commodity at time 𝑡1,𝑗 and 𝑡3,𝑗, 

but not at 𝑡2,𝑗 (𝑡1,𝑗 < 𝑡2,𝑗 < 𝑡3,𝑗). Since there is no contract at 𝑡2,𝑗, I estimate the risk 

premium, 𝜋(𝑡3,𝑗
𝛿 ) corresponding to the maturity day 𝑡3,𝑗 using equation (3.5), but in two 

steps namely; (a) first estimate an intermediary risk premium, 𝜋(𝑡2,𝑗
𝛿 ) for the time period 

[𝑡2,𝑗
𝛿 , 𝑡2,𝑗] using 𝜋(𝑡1,𝑗

𝛿 ) and then (b) estimate 𝜋(𝑡3,𝑗
𝛿 ) using 𝜋(𝑡2,𝑗

𝛿 ) for the time period 

[𝑡3,𝑗
𝛿 , 𝑡3,𝑗] following Jones (1980). I also estimate the intermediary priory estimate 

covariance parameter, 𝑃𝑗
𝛿  of 𝜋(𝑡2,𝑗

𝛿 ) using the available futures price at 𝑡2,𝑗. I do not 

calculate the log likelihood function (Step-I in Kalman Filter) for the above mentioned 

intermediary step. Using this approach, I am able to keep the time gaps equal when 

estimating the corresponding AR(1) model in equation (3.5) and thereby avoid any 

possible biases. If the contracts are available in all months of the year, an estimation of 

such an intermediary risk premium is not required. 

3.4 Monte Carlo Simulation Experiment 

I intend to numerically compare the proposed efficiency test with the conventional 

approaches to demonstrate the robustness and the sensitivity of the proposed test. In doing 

so, I need a simulated market dataset with known characteristics such as market efficiency, 

risk premium, and heteroscedasticity. The most effective way to generate such a dataset is 

to use the Monte Carlo simulation. Therefore the purpose of this section is twofold: (i) a 

comparison of the proposed efficiency test (PROP) with the conventional approaches to 

see how effective the proposed efficiency test is. As the conventional approaches are 

special cases of the proposed test, this comparison also allows us to examine the 

sensitivity of the proposed approach on the risk premium and heteroscedasticity 

assumptions, (ii) examine the sensitivity of the proposed test and the conventional 

approaches on the sample size.     

 Design of the Simulation Experiment 3.4.1

I simulate log spot prices and log futures prices corresponding to a single futures 

(𝑗 = 1) with 𝑁 number of contracts using a data generating process similar to the one in 

equations (3.4)-(3.8).
21

 An efficient market is simulated with 𝛽1,𝑗 = 1 while an inefficient 

                                                 
21

 Westerlund and Narayan (2013) have also used a similar approach to justify their market efficiency test. 
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market with 𝛽1,𝑗 ≠ 1. Prices are simulated for time lag 𝛿 = 20 which corresponds to the 

nearest futures contract. Using the simulated prices I investigate the sensitivity of the 

parameters 𝛽1,𝑗, 𝛾1,𝑗, 𝜑1,𝑗, and 𝜑2,𝑗 on the outcome of the efficiency test by changing their 

values arbitrarily. For example, in Table 3.1, I let 𝛽1,𝑗 = 1, , 𝛾1,𝑗 = 0, 𝜑1,𝑗 = 0.2, and 

𝜑2,𝑗 = 0.6 to simulate data for an efficient market with moderately autocorrelated risk 

premiums under conditional heteroscedasticity. For the rest of the parameters 

(𝛾0,𝑗, 𝜑0,𝑗 , 𝑄𝑗
𝛿 , 𝐶𝑗

𝛿), and the initial values for 𝑓(𝑡𝑖,𝑗
𝛿 ) and 𝜋(𝑡𝑖,𝑗

𝛿 ) in (3.4)-(3.8), I assume 

values corresponding to the WTI crude oil contract traded on CME. Simulation 

experiment is designed to achieve the above mentioned objectives in two ways. First, in 

order to examine the sensitivity of the time-varying risk premium and the conditional 

heteroscedasticity assumptions in the proposed efficiency test, I derive the following three 

restricted versions (or variations) of the proposed test (PROP), namely TEST1, TEST2, 

and TEST3 by imposing various restrictions on the parameters in equations (3.4)-(3.8). It 

is to be noted here that TEST1 is consistent with the conventional efficiency tests used by 

Baillie and Bollerslev (1989) and others thereafter. TEST2 is an extension of TEST1 with 

the heteroscedastisity condition which is proposed by Westerlund and Narayan (2013). 

TEST3 is a simplified version of PROP where the errors are assumed to be homoscedastic.   

TEST1: In equation (3.4) I assume a constant risk premium (𝜋(𝑡𝑖,𝑗
𝛿 ) = 𝛽0,𝑗) with 

homoscedastic errors (𝜎𝛿
2(𝑡𝑖,𝑗) = 𝜎𝛿,𝑗

2 ).  

TEST2: In equation (3.4) I assume a constant risk premium (𝜋(𝑡𝑖,𝑗
𝛿 ) = 𝛽0,𝑗) with 

heteroscedastic errors according to equations (3.7) and (3.8).  

TEST3:  The proposed market efficiency test PROP with homoscedastic errors (𝜎𝛿
2(𝑡𝑖,𝑗) =

𝜎𝛿,𝑗
2 ).   

Second, the simulated data is used to compare the performance of the proposed test 

PROP with TEST1-TEST3 under different market conditions by varying 𝛾1,𝑗 which is the 

time-varying attribute of the risk premium, and 𝜑1,𝑗, and 𝜑2,𝑗 which are the parameters 

associated with the conditional heteroscedasticity effect of 𝜎𝛿
2(𝑡𝑖,𝑗). I also perform a 

robustness check of the proposed test under different sample sizes such that 𝑁 =

120, 240, and 480. Furthermore, I perform a size test for efficient markets (𝛽1,𝑗 = 1) to 

compare the percentages of acceptance of efficient market hypothesis by PROP and 

TEST1-TEST3. Finally, I conduct a power test to compare the percentages of acceptance 



45 

 

of the efficient market hypothesis by the above mentioned tests when market is inefficient 

i.e., when 𝛽1,𝑗 ≠ 1. A numerical comparison of the proposed efficiency test with the 

conventional approaches using the simulated dataset is given in section 3.4.2.  

 Results of the Simulation Experiment 3.4.2

 Table 3.1 presents the results of the size test on the percentage of acceptance of 

the efficient market hypothesis when the market is efficient (i.e. when 𝛽1,𝑗 = 1) 

corresponding to PROP with TEST1-TEST3. The estimated parameter values, �̂�1,𝑗, and 

root mean squared errors (RMSE) of 휀�̂�(𝑡𝑖,𝑗)  are also illustrated. Table 3.2 presents results 

corresponding to the power associated with PROP and TEST1-TEST3 when the tests are 

applied for an inefficient market (i.e., when 𝛽1,𝑗 ≠ 1). In Table 3.2, I use simulated dataset 

from inefficient markets (i.e., 𝛽1,𝑗 ≠ 1) with the corresponding parameter values  𝛽1,𝑗 =

(0.9, 0.99, 1.01, 1.1). For each case, three sample sizes namely, 120, 240, 480 are 

considered. All the results are based on 5000 replications. 

It is evident from the first two panels of Table 3.1 that the proposed test PROP 

delivers the highest percentage of acceptance of the efficient market hypothesis compared 

to TEST1-TEST3 when the market is efficient and conditional heteroscadesiticity is 

present (𝜑1,𝑗, 𝜑2,𝑗 > 0). This suggests that the proposed efficiency test performs extremely 

well in the presence of a stochastic risk premium with conditionally heteroscedasticity of 

prices compared to the conventional. It can also be noticed that the percentages of 

acceptance decrease in most of the cases when 𝛾1,𝑗 in the risk premium model increases. 

That is, highly autocorrelated risk premiums have a potential to shift the test result towards 

the rejection of the efficient market hypothesis. Mean values of the estimated �̂�1,𝑗 show 

that both PROP and TEST3 produce unbiased estimates of the true value 𝛽1,𝑗 = 1 for an 

efficient market with the minimum underlying standard deviations compared to the 

conventional approaches, TEST1 and TEST2, especially when conditional 

heteroscedasticity is present in the prices. Consistent with this finding, Brenner and 

Kroner (1995), Hodrick and Srivastava (1986) and many others document that the 

conventional approaches produce biased, and more specifically low estimated values for 

𝛽1,𝑗. Such a downward estimation bias in TEST1 and TEST2 also reduces their power as 

those tests tend to accept efficient market hypothesis, 𝛽1,𝑗 = 1, even for values such as 

𝛽1,𝑗 = 1.01 as demonstrated in Table 3.2.  
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Table 3.1: Simulation Results: The Size Test Results Corresponding to an Efficient Market i.e., 1,j = 1 

This table compares the performance of the proposed test (PROP) with the conventional tests (TEST1-TEST3) discussed in section 3.3. Here, the time-varying property of the risk 

premium is modelled by varying 𝛾1,𝑗in equation (3.5). The degree of the conditional heteroscedasticity of spot prices is introduced by varying the parameters 𝜑1,𝑗 and 𝜑2,𝑗 in equation 

(3.8). Results are based on 5000 simulation runs from an efficient market,  𝛽1,j = 1, where the data is generated using the DGP in equations (3.4)-(3.8). 

𝛾1,j N 
% of acceptance of efficient market 

hypothesis  at 5% Level 
Mean (Stdev) of �̂�1,j Residual [휀�̂�(𝑡𝑖,𝑗)] RMSE 

𝜑1,j = 0.2,  𝜑2,j = 0.6 TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP 

0 120 67.24 58.52 93.16 93.74 0.975 (0.019) 0.982 (0.023) 1.001 (0.003) 1.001 (0.002) 0.0602 0.0605 0.0586 0.0597 

0 240 66.78 64.86 93.02 95.32 0.987 (0.010) 0.992 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0629 0.0631 0.0606 0.0618 

0 480 66.94 71.16 89.68 95.94 0.994 (0.005) 0.996 (0.004) 1.000 (0.002) 1.000 (0.002) 0.0649 0.0651 0.0620 0.0637 

0.5 120 66.46 57.76 91.70 93.80 0.974 (0.019) 0.981 (0.023) 1.001 (0.003) 1.001 (0.002) 0.0600 0.0603 0.0581 0.0593 

0.5 240 66.60 63.58 91.24 95.08 0.987 (0.009) 0.992 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0629 0.0631 0.0606 0.0619 

0.5 480 66.62 71.36 86.96 94.58 0.994 (0.005) 0.996 (0.004) 1.001 (0.002) 1.001 (0.002) 0.0650 0.0652 0.0621 0.0638 

0.7 120 65.82 57.38 90.68 92.90 0.974 (0.019) 0.981 (0.025) 1.001 (0.003) 1.001 (0.002) 0.0604 0.0608 0.0586 0.0600 

0.7 240 66.10 65.64 86.28 93.02 0.987 (0.010) 0.992 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0630 0.0633 0.0607 0.0620 
0.7 480 68.88 71.98 78.76 91.58 0.994 (0.005) 0.996 (0.004) 1.001 (0.002) 1.001 (0.002) 0.0649 0.0651 0.0622 0.0636 

𝜑1,j = 0.6,    𝜑2,j = 0.2 
           

0 120 68.50 54.02 93.90 95.26 0.974 (0.018) 0.978 (0.020) 1.001 (0.002) 1.001 (0.002) 0.0677 0.0679 0.0666 0.0672 

0 240 69.02 59.70 93.50 95.34 0.987 (0.009) 0.989 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0688 0.0688 0.0673 0.0679 

0 480 68.82 65.00 91.56 95.50 0.994 (0.005) 0.994 (0.005) 1.000 (0.002) 1.000 (0.002) 0.0698 0.0698 0.0677 0.0685 

0.5 120 69.54 54.48 92.60 94.68 0.975 (0.019) 0.979 (0.020) 1.001 (0.002) 1.001 (0.002) 0.0677 0.0678 0.0665 0.0671 

0.5 240 68.58 58.78 91.58 94.70 0.987 (0.009) 0.989 (0.009) 1.001 (0.002) 1.001 (0.002) 0.0692 0.0693 0.0676 0.0682 

0.5 480 68.86 65.10 88.74 94.58 0.994 (0.005) 0.994 (0.005) 1.001 (0.002) 1.001 (0.002) 0.0698 0.0699 0.0678 0.0685 

0.7 120 69.08 54.64 90.16 93.60 0.974 (0.019) 0.978 (0.020) 1.001 (0.002) 1.001 (0.002) 0.0676 0.0677 0.0665 0.0671 
0.7 240 68.28 60.12 88.22 93.44 0.987 (0.009) 0.989 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0689 0.0689 0.0673 0.0678 

0.7 480 69.06 66.38 81.58 91.68 0.994 (0.005) 0.994 (0.005) 1.001 (0.002) 1.001 (0.002) 0.0698 0.0698 0.0678 0.0685 

𝜑1,j = 0.1,   𝜑2,j = 0.1 
           

0 120 68.78 51.66 93.40 95.98 0.974 (0.018) 0.977 (0.019) 1.000 (0.001) 1.000 (0.001) 0.0345 0.0345 0.0320 0.0323 

0 240 68.70 53.60 91.14 94.44 0.987 (0.009) 0.988 (0.010) 1.000 (0.001) 1.000 (0.001) 0.0350 0.0350 0.0322 0.0324 

0 480 69.44 55.82 90.04 93.24 0.993 (0.005) 0.994 (0.005) 1.000 (0.001) 1.000 (0.001) 0.0352 0.0352 0.0323 0.0323 

0.5 120 68.76 51.54 89.68 94.60 0.973 (0.018) 0.977 (0.019) 1.000 (0.001) 1.001 (0.001) 0.0345 0.0345 0.0321 0.0322 

0.5 240 69.90 55.30 85.96 91.72 0.987 (0.009) 0.989 (0.009) 1.000 (0.001) 1.001 (0.001) 0.0350 0.0350 0.0322 0.0324 

0.5 480 69.34 56.12 78.48 86.38 0.993 (0.005) 0.994 (0.005) 1.000 (0.000) 1.001 (0.001) 0.0351 0.0351 0.0323 0.0323 

0.7 120 69.76 51.62 84.68 92.58 0.974 (0.018) 0.977 (0.019) 1.001 (0.001) 1.001 (0.001) 0.0346 0.0346 0.0322 0.0324 
0.7 240 68.84 53.22 74.30 86.74 0.987 (0.009) 0.988 (0.009) 1.001 (0.001) 1.001 (0.001) 0.0350 0.0350 0.0322 0.0324 

0.7 480 69.84 57.12 54.28 70.38 0.993 (0.005) 0.994 (0.005) 1.001 (0.000) 1.001 (0.001) 0.0352 0.0352 0.0323 0.0324 

𝜑1,j = 0.001,   𝜑2,j = 0.001            

0 120 69.34 53.92 89.56 94.54 0.974 (0.018) 0.976 (0.019) 1.000 (0.001) 1.001 (0.001) 0.0310 0.0311 0.0282 0.0284 

0 240 69.58 55.72 84.50 90.78 0.987 (0.009) 0.988 (0.009) 1.000 (0.001) 1.001 (0.001) 0.0313 0.0314 0.0282 0.0284 

0 480 70.12 57.46 74.04 82.00 0.994 (0.005) 0.994 (0.004) 1.000 (0.000) 1.000 (0.000) 0.0315 0.0315 0.0282 0.0283 

0.5 120 69.12 54.16 77.28 88.32 0.974 (0.018) 0.977 (0.019) 1.001 (0.001) 1.001 (0.001) 0.0310 0.0310 0.0281 0.0284 

0.5 240 69.70 55.72 60.96 75.46 0.987 (0.009) 0.988 (0.009) 1.001 (0.000) 1.001 (0.001) 0.0314 0.0314 0.0282 0.0284 

0.5 480 70.10 57.08 34.06 49.22 0.993 (0.005) 0.994 (0.004) 1.001 (0.000) 1.001 (0.000) 0.0315 0.0315 0.0283 0.0284 
0.7 120 70.72 53.94 53.26 72.52 0.973 (0.018) 0.976 (0.018) 1.001 (0.001) 1.001 (0.001) 0.0310 0.0311 0.0282 0.0285 

0.7 240 68.42 54.56 44.00 43.02 0.987 (0.009) 0.988 (0.009) 1.001 (0.000) 1.001 (0.001) 0.0313 0.0314 0.0282 0.0284 

0.7 480 69.92 56.10 36.00 38.64 0.993 (0.005) 0.994 (0.004) 1.001 (0.000) 1.001 (0.001) 0.0315 0.0315 0.0283 0.0284 
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Table 3.2: Simulation Results: The Power Test Results Corresponding to an Inefficient Market, 1,j ≠ 1  

This table compares the power of the proposed test PROP with the conventional approaches TEST1-TEST3. The simulated data set is obtained by setting the value of 𝛽1,𝑗in 

equation (3.4) around unity i.e., 𝛽1,𝑗 = 0.9, 0.99, 1.01, 1.1 which represent inefficient markets.  The degree of heteroscedasticity in prices is modelled by varying the parameters 

𝜑1,𝑗 and 𝜑2,𝑗  in equation (3.4) as in this Table. Results are based on 5000 simulation runs using the DGP in equations (3.4)-(3.8) when 𝛾1,j = 0.5 

𝛽1,j  

% of acceptance of efficient market 

hypothesis  at 5% Level 
Mean (Stdev) of �̂�1,j Residual [휀�̂�(𝑡𝑖,𝑗)] RMSE 

𝜑1,j = 0.2 

𝜑2,j = 0.6 
N TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP 

0.9 120 0.02 0.86 0.00 0.00 0.860 (0.034) 0.862 (0.034) 0.901 (0.002) 0.901 (0.003) 0.0611 0.0612 0.0598 0.0603 

0.9 240 0.00 0.48 0.00 0.00 0.880 (0.018) 0.882 (0.017) 0.901 (0.004) 0.901 (0.002) 0.0623 0.0623 0.0606 0.0610 

0.9 480 0.00 0.22 0.00 0.00 0.890 (0.009) 0.891 (0.008) 0.900 (0.002) 0.900 (0.002) 0.0628 0.0629 0.0607 0.0613 
0.99 120 46.24 30.78 13.78 23.82 0.945 (0.039) 0.947 (0.038) 0.991 (0.003) 0.991 (0.004) 0.0671 0.0672 0.0659 0.0665 

0.99 240 20.88 16.16 7.70 12.58 0.968 (0.019) 0.969 (0.019) 0.991 (0.002) 0.991 (0.002) 0.0683 0.0684 0.0668 0.0672 

0.99 480 1.86 3.26 2.26 4.22 0.979 (0.010) 0.980 (0.009) 0.991 (0.003) 0.991 (0.002) 0.0691 0.0692 0.0671 0.0678 
1.01 120 80.20 65.70 7.42 15.16 0.963 (0.040) 0.966 (0.039) 1.011 (0.003) 1.011 (0.003) 0.0686 0.0687 0.0675 0.0681 

1.01 240 87.64 78.36 5.22 12.60 0.992 (0.012) 0.994 (0.012) 1.009 (0.008) 1.010 (0.006) 0.0697 0.0698 0.0681 0.0687 

1.01 480 82.90 76.02 7.08 11.58 0.999 (0.007) 0.999 (0.007) 1.006 (0.006) 1.008 (0.005) 0.0705 0.0705 0.0684 0.0692 
1.1 120 42.80 35.48 3.18 0.24 1.017 (0.034) 1.019 (0.037) 1.102 (0.007) 1.104 (0.004) 0.0739 0.0741 0.0729 0.0737 

1.1 240 7.88 8.08 3.86 0.04 1.024 (0.019) 1.044 (0.032) 1.101 (0.007) 1.097 (0.003) 0.0759 0.0760 0.0743 0.0751 

1.1 480 0.22 2.20 4.82 0.02 1.024 (0.006) 1.082 (0.014) 1.099 (0.010) 1.103 (0.000) 0.0770 0.0771 0.0749 0.0759 

𝜑1,j = 0.6 

𝜑2,j = 0.2              

              0.9 120 0.02 0.80 0.00 0.02 0.857 (0.042) 0.871 (0.034) 0.901 (0.003) 0.900 (0.017) 0.0542 0.0546 0.0523 0.0533 

0.9 240 0.02 0.46 0.00 0.00 0.879 (0.020) 0.888 (0.014) 0.901 (0.003) 0.901 (0.004) 0.0567 0.0569 0.0544 0.0554 

0.9 480 0.00 0.16 0.00 0.00 0.889 (0.010) 0.895 (0.006) 0.901 (0.003) 0.901 (0.003) 0.0585 0.0586 0.0556 0.0570 
0.99 120 44.56 35.66 11.64 15.60 0.941 (0.046) 0.957 (0.037) 0.991 (0.003) 0.989 (0.023) 0.0596 0.0600 0.0579 0.0590 

0.99 240 20.74 18.60 6.62 9.06 0.966 (0.023) 0.977 (0.016) 0.991 (0.003) 0.991 (0.006) 0.0622 0.0625 0.0600 0.0612 

0.99 480 2.22 3.14 2.16 2.18 0.978 (0.011) 0.984 (0.007) 0.991 (0.002) 0.991 (0.002) 0.0645 0.0647 0.0616 0.0632 
1.01 120 78.44 69.86 7.96 15.74 0.961 (0.046) 0.977 (0.037) 1.011 (0.003) 1.010 (0.017) 0.0610 0.0613 0.0593 0.0604 

1.01 240 84.06 73.36 4.48 11.70 0.985 (0.024) 0.996 (0.017) 1.011 (0.003) 1.011 (0.005) 0.0639 0.0642 0.0616 0.0629 
1.01 480 81.66 57.46 6.00 7.88 0.998 (0.012) 1.004 (0.007) 1.011 (0.003) 1.011 (0.002) 0.0654 0.0656 0.0624 0.0642 

1.1 120 43.76 22.84 3.68 0.08 1.047 (0.050) 1.065 (0.039) 1.101 (0.007) 1.099 (0.024) 0.0666 0.0671 0.0648 0.0662 

1.1 240 9.24 4.14 4.32 0.04 1.074 (0.025) 1.085 (0.017) 1.101 (0.004) 1.101 (0.009) 0.0693 0.0696 0.0671 0.0685 
1.1 480 0.22 1.44 5.36 0.00 1.087 (0.012) 1.093 (0.007) 1.101 (0.003) 1.101 (0.002) 0.0716 0.0719 0.0687 0.0706 
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Figure 3.1. Sampling Distributions of Estimated 1,j 

This figure illustrates the sampling distributions of �̂�1,𝑗 estimated using TEST1, TEST2, TEST3 (conventional approaches), and PROP (the proposed market efficiency test) demonstrated in 

section 3.4.1. The dataset is simulated corresponding to an efficient market using the parameter values  𝛽1,𝑗 = 1 , 𝛾1,𝑗 = 0.5,𝜑1,𝑗 = 0.2,𝜑2,𝑗 = 0.6 and N=120 in the DGP (3.4)-(3.8). The 

figures illustrates the histograms of the estimated 𝛽1,𝑗 (i.e., �̂�1,𝑗) values when the four tests are used to test the market efficiency using the simulated data.   

�̂�1,𝑗 �̂�1,𝑗 

�̂�1,𝑗 �̂�1,𝑗 
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However, when the heteroscedasticity effect is weak in spot prices (𝑖. 𝑒. , 𝜑1,𝑗, 𝜑2,𝑗 →

0), column (3) in Table 3.1 demonstrates TEST1 performs equally or better than other 

versions, implying that the conventional cointegration based market efficiency tests work 

well with homoscedastic prices. Also, the root mean square error (RMSE) drops in all the 

tests when heteroscedasticity is weak. However, the empirical analysis in Section 3.4 clearly 

supports the existence of time-varying risk premium and conditional heteroscedasticity 

assumptions for commodity markets (also see Westerlund and Narayan (2013)) for 

supportive evidence on conditional heteroscedasticity). Therefore I document that the 

proposed efficiency test, PROP outperforms the conventional approaches under such realistic 

market conditions. As far as the sample size (N) is concerned, it is evident that PROP is 

relatively stable under varying sample sizes compared to other test specifications, especially 

with heteroscedastic prices.  

The results corresponding to inefficient markets reported in Table 3.2 reveal that 

TEST3 and PROP outperform other versions by giving the lowest percentage of acceptance 

of the efficient market hypothesis when 𝛽1,𝑗 is closer to the null hypothesised value (that is 

when 𝛽1,𝑗 = 0.99, 1.01). Furthermore, TEST3 performs better than PROP when 𝛽1,𝑗 is closer 

to the unity (0.99, 1.01) but not for values in the range, 𝛽1,𝑗 > 1.01. In general, power of all 

tests increases with the sample size. 

Figure 3.1 illustrates the sampling distributions of the estimated  𝛽1,𝑗 when PROP and 

its three versions TEST1-TEST3 are used to test the efficient market hypothesis (𝛽1,𝑗 =

1) using the simulated data corresponding to an efficient market. The simulated dataset 

assumes the arbitrary values, 𝛾1,𝑗 = 0.5, 𝜑1,𝑗 = 0.2,  𝜑2,𝑗 = 0.6 and N=120. It is evident from 

Figure 3.1 that the estimated  𝛽1,𝑗 values corresponding to PROP has the narrowest range 

with a minimum of 0.983 and a maximum of 1.018 compared to conventional approaches, 

TEST-TEST3. Furthermore, estimated  𝛽1,𝑗 values corresponding to PROP are the most 

unbiased (peak of the distribution stays on unity) compared to the conventional approaches 

which is a vital characteristic of a powerful market efficiency test. 

In sum, the Monte Carlo simulation experiment in this section reveals that the 

information content due to time-varying risk premium significantly affects the size and the 

power of a market efficiency test justifying the proposed market efficiency test PROP as well 

as its reduced specification, TEST3 that assumes homoscedasticity. I also demonstrate that 
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the presence of a conditional heteroscedasticity in the futures prices could lead biases in the 

estimates and hence reduce the power of the efficiency test if it is not accounted for in the 

efficiency test. This justifies the proposed efficiency test (PROP) further. Furthermore, 

summary statistics of �̂�1,𝑗 in Table 3.1 and the corresponding sampling distributions 

illustrated in Figure 3.1 jointly provide supportive evidence for the accuracy in the parameter 

estimation of the model specification of the proposed efficiency test which takes into account 

both time-varying risk premium and conditional heteroscedasticity in prices. 

As a robustness check, I repeat the entire simulation experiment for time lag 𝛿 = 10. 

Results are virtually consistent with the above findings with a common increase in the 

percentages of acceptance of the market efficiency hypothesis in the size test. This is 

acceptable as the DGP is designed lagged futures prices to be converged to its spot price at 

the maturity when 𝛿 → 0 in line with the theory of convergence. Corresponding results are 

presented in the Appendix A.    

3.5 Empirical Evidence 

In this section, I employ the proposed market efficiency test, PROP to compare the 

market efficiencies and the risk premiums associated with four major commodity futures 

(WTI crude oil, corn, copper, and gold) selected from the four market sectors namely, energy 

& fuel, precious metals, agricultural & livestock, and industrial materials. I also perform a 

sub-sample period analysis in order to investigate the effect of the Global Financial Crisis 

(GFC) on the commodity futures market efficiency. Consistent with Westerlund and Narayan 

(2013), I define the pre-GFC sample period as January, 2000 to August, 2008, and the post-

GFC sample period as September, 2008 to December, 2011. Thus, a cross sectional sample of 

commodity futures is selected in this analysis making sure that an adequate number of data 

points are available for each sub period analysis. 

 Sample Data 3.5.1

I retrieve daily nearby futures prices of WTI crude oil, corn, copper, and gold traded 

on CME from BLOOMBERG covering a time period from 1
st
 January 2000 to 31

st
 December 

2011. I selected nearby futures contracts since more distant contracts are less actively traded 

and hence less volatile. The spot price at maturity of a contract is approximated by using the 
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corresponding futures price on the same date assuming that both prices are the same under 

no-arbitrage conditions.
22

  

Futures contracts are traded on different cycles depending on the commodity as well 

as the exchange where those futures are traded on. Therefore, the frequency of maturity dates 

of a particular commodity could possibly be monthly or less. For example WTI futures traded 

on CME allows us to extract a monthly dataset whereas the corn futures traded on the same 

exchange allows a dataset in March, May, July, September, and December cycles. Such 

datasets are then organized for all commodities with the price at the maturity (I use the last 

date of trading as the day of maturity in each contract) against the futures price 𝛿 −days prior 

to the maturity. I use 20 business days (one month) prior to the maturity of the contract as the 

lagged time period, that is 𝛿 = 20.  

 Results for the Sample of Individual Commodity Futures 3.5.2

Summary statistics corresponding to WTI crude oil, corn, copper, and gold futures 

prices from January, 2000 to December, 2011 are presented in Table 3.3. 

Table 3.3: Summary Statistics of the Four Selected Commodity Futures 

This table presents information corresponding to the selected commodities along with their descriptive statistics. The augmented Dickey 

Fuller (ADF) test is performed to test whether the log prices are stationary under the null hypothesis that the prices follow a unit root 
process. Number of lags for the ADF test is determined using the AIC criteria. The values in parentheses are the p-values corresponding to 

the ADF test.   

Commodity Market 

Sector 

Availability 

of 
Contracts 

Date of Expiration Sample 

Size 
(N) 

Mean 

(US $) 

Units Coefficient 

of 
Variation 

ADF 

Test 

WTI Crude 

Oil 

Energy & 

fuel 

Jan-Dec 

 

Third business day prior to the 

twenty-fifth calendar day of the 

month preceding the delivery 
month 

144 57.22 per 

barrel 

0.487 0.893 

(0.899) 

Corn Agricultur

al & 
livestock 

Mar, May, 

Jul, Sep, 
Dec 

The business day prior to the 15th 

calendar day of the contract 
month 

60 3.33 Cents 

per 
bushel 

0.477 0.965 

(0.909) 

Copper Industrial 

materials 

Jan-Dec 

 

Third last business day of the 

delivery month 

144 2.11 per 

pound 

0.595 0.029 

(0.661) 

Gold Precious 

metals 

Feb, Apr, 

Jun, Aug, 

Oct, Dec 

Third last business day of the 

delivery month 

72 669.85 troy 

ounce 

0.607 3.631 

(0.999) 

It is evident from Table 3.3 that gold futures is the most volatile contract compared 

with the other three commodities during 2000-2011 while copper is the second most volatile 

commodity. Table 3.3 also illustrate the augmented Dickey-Fuller unit root test results of the 

futures price series of the selected commodities and find that price series are unit root 

                                                 
22 Futures contracts often amalgamate commodities with different qualities; as a result, there is not a one-and-only spot 

commodity that can be used as the underlying asset of a futures contract especially in sectors like industrial materials, 

agricultural and livestock. To address this concern, futures prices at maturity are often used as proxies for spot prices (see 

Fama and French (1987) and Schwartz (1997) among others). 
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processes. This test is necessary to justify the validity of the cointegrating relationship in 

step-(i) of the proposed approach. Having found that price series follow unit root process, I 

test the market efficiency of these commodity futures by following step-(i) and (ii) of the 

proposed efficiency test (PROP). I repeat the market efficiency analysis for the full sample 

period as well as the two sub sample periods, pre-GFC and post-GFC. In order to illustrate 

the characteristics of the estimated risk premiums from the state space model, they are 

transformed into the annualized risk premiums, using 𝜋𝑎𝑛(𝑡𝑖,𝑗
𝛿 ) = 252 [𝜋(𝑡𝑖,𝑗

𝛿 ) 𝛿⁄ ] × 100%. 

The average estimated annualized risk premiums, the corresponding parameter estimates 

from the state space model, and other relevant test results are illustrated in Table 3.4.   

In Table 3.4, the Phillips & Ouliari (1990) results in column (10) correspond to the 

stationarity test of the residual series, 휀𝛿(𝑡𝑖,𝑗), in step-(i) of the proposed approach. It is 

evident from these results that the residuals of the four commodities in Table 3.4 are 

stationary at 1% level of significance implying that a cointegration relationship illustrated in 

equation (3.4) exits between spot and futures prices of these commodities. In addition, the 

Ljung-Box Q-test in Table 3.4 confirms that there are no autocorrelations left in residual 

series at the 1% level implying that residual series do not carry serial correlations further. 

Having satisfied the necessity condition in step-(i) of the efficiency test, I proceed on to step-

(ii) and proposed test the market efficiency hypothesis, 𝛽1,𝑗 = 1 for each commodity. These 

results are illustrated in the third column of Table 3.4. It can be seen that as far as the full 

sample period is concerned, WTI crude oil, corn, and copper futures are efficient in prices 

while gold is not. Corn futures appear to be efficient during both pre- and post-GFC periods 

as well implying that GFC has not affected the efficiency of corn futures. Pederzoli and 

Torricelli (2013) use the conventional approach in Bilson (1981) to investigate the market 

efficiency of corn futures traded on CME during 1998-2011 and document that corn futures is 

not efficient in prices and the price efficiency of corn futures is not affected by the GFC. 

Results from the proposed test contradict Pederzoli and Torricelli (2013) findings in all three 

periods. 

Furthermore, Table 3.4, show that the prices of WTI crude oil and copper futures are 

inefficient during pre-GFC period, but have become efficient during post-GFC. It is 

interesting to note that the prices of gold futures are not efficient in either of the three sample 

periods. Narayan et al. (2010) use the conventional efficiency test based on the cointegration 

approach and document that oil and gold markets during the period 2002-2008 are 
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interrelated and therefore one market is predictable based on the other one. They conclude 

that both markets are inefficient and this result is consistent with mine as far as the pre-GFC 

period is concerned. Westerlund and Narayan (2013) employ a conventional efficiency test 

with heteroscedastic assumption on a data set from 2005-2011 to document that crude oil 

futures are inefficient during the full period as well as both pre- and post-GFC periods. Their 

results are consistent with mine only during the pre-GFC period. They also find that gold 

futures are efficient during pre- and post-GFC periods, but become inefficient when the full 

sample periods is considered which partially agrees with my findings. Furthermore, Fung et 

al. (2010) document the efficiency of copper market during 1999-2009 which again 

contradicts with my result where the proposed test finds that copper is inefficient during the 

pre-GFC period.  

 One of the possible reasons for the contrasting findings discussed above could be due 

to the differences in corresponding sample periods. More importantly, as demonstrated in my 

simulation experiment in section 3 and also according to Brenner and Kroner (1995) and 

Hodrick and Srivastava (1986), these contradictory results of market efficiencies could be 

due to the risk neutral or constant risk premium, and homoscedastic assumptions in the 

conventional efficiency tests compared to the proposed test. In the 5
th

 column of Table 3.4 I 

test the hypothesis 𝛾1,𝑗 = 0 in equation (3.5) and the results indicate that the time-varying 

risk premium component is significant in the pre-GFC period for all the commodities except 

for corn. For gold futures it is significant for all three periods.  Moreover, in columns 6-8 in 

Table 3.4, I test for the significance of the ARCH/GARCH parameters corresponding to the 

conditional heteroscedasticity of prices in (3.8). It can be seen that  𝜑1,𝑗 and/or 𝜑2,𝑗 are 

significant for all the commodities for at least one of the sample periods. These findings 

demonstrate the importance of time-varying risk premium and the conditional 

heteroscedasticity assumptions in the proposed efficiency test compared to the conventional 

approaches.   
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Table 3.4: Empirical Results Corresponding to the four Commodity Futures  

This table compares the results from the proposed market efficiency test (PROP) corresponding to the four commodity futures traded on CME The second column illustrates the sample 

period considered, in each test namely full Period (Jan 2000-Dec 2011), Pre-GFC (Jan 2000-Aug 2008), and Post-GFC (Sep 2008, Dec 2011). Third to eighth columns present the point 

estimates of each parameter of the state space model along with the significance of the null hypothesis tested on the parameter. All parameters are tested using the LLR test statistic in 

equation (3.9). Estimated annualized average risk premium, �̂�(𝑡𝑖
𝛿)𝑎𝑛.𝑚𝑒𝑎𝑛 , is presented in the ninth column. The tenth column presents the results of  the stationarity test of the residual 

series 휀𝛿(𝑡𝑖) in step-(i) of the proposed test  using the Phillips and Ouliaris (1990) test where the null hypothesis is: 𝐻0 : Residual series is unit root. The last column presents the test 

results for residual autocorrelations using the Ljung-Box test with 6 lags with the corresponding p-values in parentheses. ***, **, and * denote significance at 1%, 5%, and 10% 

respectively. An efficient market is identified by the significance of the stationarity in column ten (i.e., rejection of H0 in Phillips & Ouliaris (1990) test) and acceptance of 𝐻0: 𝛽1 = 1 

(step-(ii) of the proposed test)  in column (3) jointly. 

Commodity 

Futures  

Sample 

Period 

 

Model Estimates and Tested Null Hypotheses Phillips and 
Ouliari (1990) test 

statistic for 

stationarity of 
residuals. 

Ljung-Box Q-test 
for residual 

autocorrelations 

test statistic 
(p-value) 

�̂�1,j 

𝐻0: 𝛽1,𝑗 = 1 

𝛾0,𝑗 

𝐻0: 𝛾0,𝑗 = 0 

𝛾1,𝑗 

𝐻0: 𝛾1,𝑗 = 0 

�̂�0 

𝐻0: 𝜑0,𝑗 = 0 

�̂�1 

𝐻0: 𝜑1,𝑗 = 0 

�̂�2 

𝐻0: 𝜑2,𝑗 = 0 
�̂�(𝑡𝑖,𝑗

𝛿 )𝑎𝑛.𝑚𝑒𝑎𝑛 

% 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

WTI  

Crude Oil 

Full Period 1.0011 0.0058 -0.0979 0.0073*** 0.0051 0.3155** 6.13 −10.03*** 18.84 (0.093) 

Pre-GFC 1.0029** -0.00009** -0.1008* 0.0015*** 0.7749*** 0.0887 -2.32 -9.79*** 6.03 (0.420) 

 Post-GFC 0.9987 0.0086 -0.0711 0.0016** 0.6305** 0.0179 10.85 -5.99*** 7.29 (0.295) 

Corn Full Period 0.9944 -0.00005*** 0.0696 0.0027*** 0.0220*** 0.1062 0.10 −7.52*** 15.34 (0.223) 

 Pre-GFC 1.0027 -0.00003 0.0162 0.0029*** 0.4633*** 0.0305 -0.02 -6.23*** 6.63 (0.357) 

 Post-GFC 1.0056 -0.0107* -0.1161 0.0017*** 0.2872 0.5720 -12.24 -3.88*** 3.61 (0.730) 

Copper Full Period 1.0025 0.0009 0.1357 0.0049*** 0.1000 0.0880 2.84 −12.25 *** 15.03 (0.240) 

 Pre-GFC 0.9954*** -0.0008** 0.0609*** 0.0027*** 0.0012 0.5048*** 0.09 -9.15*** 5.88 (0.471) 

 Post-GFC 0.9657 0.0353** 0.217 1.1-7E*** 0.4640*** 0.0189 51.95 -18.87*** 7.84 (0.250) 

Gold Full Period 1.0017*** -0.00003*** -0.3720*** 0.0011*** 0.0856*** 0.6374*** −0.15 −7.22 *** 7.16 (0.847) 

 Pre-GFC 1.0011*** -0.00005* -0.2202*** 0.0006 0.0192*** 0.0549*** -1.14 -4.54*** 4.91 (0.555) 

 Post-GFC 1.0027*** 0.0010*** -0.3168*** 6.0-6E** 0.5928*** 0.0466*** 8.71 -3.58*** 2.88 (0.823) 
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Figure 3.2. WTI Crude Oil Lagged Futures Price, Spot Price at Maturity, and Estimated Risk Premium 

This figure illustrates the WTI crude oil prices at the maturity and the corresponding futures prices traded on CME, 20 business days 

prior to the maturity. The risk premiums estimated using the state space model in equations (3.4)-(3.8) for pre-GFC and post-GFC 

periods are also plotted in the secondary axis in terms of annualized percentages. 

 

Figure 3.3: Corn Lagged Futures Price, Spot Price at Maturity, and Estimated Risk Premium 

This figure illustrates the corn prices at the maturity and the corresponding futures prices traded on CME 20 business days prior to the 

maturity. The risk premiums estimated from the state space model in (3.4)-(3.8) for pre-GFC and post-GFC periods are also plotted in 
the secondary axis in terms of annualized percentages. 
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Figure 3.4: Copper Lagged Futures Price, Spot Price at Maturity, and Estimated Risk Premium 

This figure illustrates copper prices at the maturity and the corresponding futures prices traded on CME 20 business days prior to the 

maturity. The risk premiums estimated from the state space model in (3.4)-(3.8) for pre-GFC and post-GFC periods are also plotted in 
the secondary axis in terms of annualized percentages. 

 

Figure 3.5: Gold Lagged Futures Price, Spot Price at Maturity, and Estimated Risk Premium 

This figure illustrates the gold prices at maturity and the corresponding futures prices traded on CME 20 business days prior to the 

maturity. The risk premiums estimated using the state space model in (3.4)-(3.8) for pre-GFC and post-GFC periods are also plotted in 

the secondary axis in terms of annualized percentages. 
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The average risk premiums in column 9 of Table 3.4 reveal that the GFC has 

increased the risk premiums of the commodities significantly except for corn futures 

where the risk premium is dropped significantly. These results imply that the investors of 

crude oil, copper, and gold futures will have a better chance of being compensated for the 

risk they take on their investments against a financial crisis such as GFC. In contrast, the 

average risk premium of corn futures turn out to be more negative (-12.24%) due to the 

GFC implying an increase in the yield for holding the inventories compared to the 

premium paid for bearing the risk on futures. These contrasting behaviour of the risk 

premiums of different futures shed lights on possible hedging strategies for the investors 

in the long-run. More specifically, Figures 3.2-3.5 further illustrate the instantaneous 

fluctuations of the risk premium component of the four commodities along with their 

prices at the maturity and the prices 20 days prior to the maturity throughout the sample 

period. 

It is interesting to see in Figure 3.2 and 3.4 that the estimated risk premiums of 

crude oil and copper futures have become more volatile after the GFC, increasing the 

uncertainty of the premiums compared to corn and gold futures. According to Gorton et al. 

(2013), the state of inventories is informative about futures risk premiums of storable 

commodities. This could be a possible cause for increasing the volatility of risk premiums 

of crude oil and copper markets. In line with this finding, the U.S. Energy Information 

Administration
23

 reports that the crude oil stocks have been dropped by 20% during June-

2007 to December 2007 and have then increased by 30% by April 2009 recording the 

highest variation in supplies during 2000-2011. 

According to Figure 3.3, the estimated risk premiums of corn futures demonstrate a 

seasonal pattern during the pre-GFC period. Usually, the planting season of corn in the US 

is from April to June and the harvesting season is from August to December and therefore 

I can expect a seasonal effect in the risk premiums. Based on averaged risk premiums I 

compute, seasonal indices for corn as -0.03% for March, 0.72% for May, -0.93% for July,  

-1.76% for September, and -0.04% for December during the pre-GFC period. Consistent 

with the harvesting season, the lowest and negative risk premium that I observed (-1.76%) 

in September indicates a potential drop in future spot prices compared to the lagged 

futures prices (contango). Because of the increasing supply a drop in spot prices can 

                                                 
23 I retrieve monthly U.S. ending stocks of crude oil from http://www.eia.gov corresponding to the sample period. 
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normally be expected during the harvest season. The positive average premium in May 

indicates an opposite behaviour during the planting season where the spot price has the 

potential to be increased due to lack of supply (backwardation). However, this seasonal 

behaviour seems to be destabilized due to the GFC as evident from Figure 3.3. Usually, 

grains are viewed as safe heavens during financial market down terns which leads to 

increase correlations of prices of commodities with financial futures (Tang and Xiong, 

2012). This could be the reason for the shift of corn’s typical behaviour after the GFC in 

Figure 3.3. Another reason could be the increasing trend of using grains such as corn for 

bio fuels. For example, Abbott et al. (2011) report that, it took 27% of the 2010-2011 corn 

crop to meet the demand for corn to produce ethanol, compared to 10% for the 2005-2006 

crop. 

On the other hand, gold futures in Figure 3.5 seem to be the least affected 

commodity by the GFC due to its consistent flow of risk premiums during the sub periods. 

Investment speculation is a possible cause for the stability in gold market against the GFC 

(Vivian and Wohar, 2012). However, an increasing trend in gold futures risk premiums 

can be observed during the first half of the post-GFC period possibly due to the uprising 

demand from the hedgers against the inflation during the peak of the crisis period 

(Narayan et al., 2010). 

In sum, the four commodity futures that I analysed in this section provide mixed 

results on market efficiency and risk premiums. The parameter estimates corresponding to 

equations (3.4)-(3.8) justify the necessity to incorporate the time-varying risk premium 

and heteroscedasticity conditions in the proposed market efficiency test. GFC has affected 

differently on the market efficiency of four commodities. Risk premiums in WTI crude oil, 

copper, and gold futures increased of after the GFC but not for corn futures. 

The overall inefficiencies of futures prices demonstrated during the pre-GFC 

period imply the possibility of earning profits by arbitraging. The GFC has changed this 

scenario by making the prices efficient except of gold futures. Specifically, the continuous 

inefficiency only in gold futures prices during pre- and post-GFC periods assures the 

ability to earn profits from gold futures. A well-known fact in gold market is that its prices 

are affected by the inflation. Many researchers argue that upward revisions in expected 

inflation could cause investors to purchase gold, either to hedge against the expected 

decline in money or to speculate in the associated increase in the price of gold (Blose,  
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2010). The buying pressure will cause an immediate increase in the price of gold at a time 

when the inflation is expected to grow. Moreover, according to Narayan, Ahmed and 

Narayan (2014), the ability of earning profits using momentum trading strategies in the 

gold futures is also evident. For example, the expected risk-adjusted return from long a 

gold futures today and hold it until maturity can be assessed using (𝛽1,𝑗 − 1)𝑓(𝑡𝑖,𝑗
𝛿 )24 

which results annualized values of 8.38% for the pre-GFC and 24.03% for the post-GFC 

period. Therefore, these results further suggest that the profitability in gold futures has 

been further increased after the GFC
25

.  

In this section I demonstrated the applicability of the proposed efficiency test by 

investigating the price efficiency of four selected commodities namely, WTI crude oil, 

corn, copper, and gold. Another purpose of the proposed test is to use it to construct an 

efficiency index which can be used to compare the price efficiency of market sectors, 

exchanges, etc. where more than one commodity futures is involved. In chapter 4, I use the 

proposed test to compare the price efficiencies of all the commodity futures in the sample 

and use them in constructing the efficiency indices.  

3.6 Summary 

In this chapter, I introduce a new market efficiency test in the presence of a time-

varying risk premium and conditional heteroscedasticity. Such a test does not exist in the 

literature. The conventional market efficiency tests so far in the literature are mostly based 

on the risk neutral or constant risk premium assumptions which are proven to be biased 

towards rejection of the market efficiency hypothesis especially for commodity futures. 

The unobservable risk premiums in the proposed test are estimated using a state space 

model with a modified Kalman filter under conditional heteroskedasticity in spot prices. 

The proposed market efficiency test involves two steps, namely testing for the stationarity 

of residuals from a state-space model using Phillips and Ouliaris’s (1990) test, and testing 

for the market efficiency using a likelihood ratio test. Using a Monte Carlo simulation, I 

demonstrate that the proposed test is robust against different market conditions such as 

                                                 
24 From equation (3.4), we can derive a formula for the expected return from long a futures today and hold it until 

maturity as [𝑠(𝑡𝑖,𝑗) − 𝑓(𝑡𝑖,𝑗
𝛿 )] = (𝛽1,𝑗 − 1)𝑓(𝑡𝑖,𝑗

𝛿 ) + 𝜋(𝑡𝑖,𝑗
𝛿 ) − 0.5𝜎𝛿

2(𝑡𝑖,𝑗). Here, 𝜋(𝑡𝑖,𝑗
𝛿 ) − 0.5𝜎𝛿

2(𝑡𝑖,𝑗) is the risk 

compensation and (𝛽1,𝑗 − 1)𝑓(𝑡𝑖,𝑗
𝛿 ) is the risk adjusted expected excess return of the investment. Therefore, if the 

market is efficient, i.e., if 𝛽1,𝑗 ≠ 1, one can estimate the excess return of this trading strategy. 
25 In addition to gold futures traded on CME, silver and palladium futures also indicate the possibility of earning 

abnormal profits due to market inefficiencies along with 𝛽1,𝑗 > 1. See results corresponding to precious metals market 

in Appendix D. 
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time-varying risk premium of commodities and conditional heteroskedasticity in spot 

prices compared to the conventional approaches. I also document that, under these 

conditions, the proposed test is superior to the conventional approaches.    

Empirical findings demonstrate that the WTI crude oil and copper futures have 

become efficient in prices after the GFC with high risk premiums compared to the pre-

GFC period. I also find that the corn futures are efficient throughout the entire sample 

period, 2000-2011, but gold futures are inefficient. The risk premiums of crude oil, 

copper, and gold increased after the GFC, but not for corn futures.  
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  CHAPTER 4

A NEW MARKET EFFICIENCY INDEX TO QUANTIFY 

THE DEGREE OF EFFICIENCY 

A part of the content of this chapter was presented as a joint work with I.M. 

Premachandra and Hai Lin at the New Zealand Finance Colloquium 2013, 07-08 

February 2013, held at the University of Otago, New Zealand, and also presented at the 

World Finance Conference 2014, 02-05 July 2014, Venice, Italy. I contributed to the 

paper by reviewing literature, retrieving data, coding the model in Matlab, tabulating 

results and writing the first draft. Co-authors assisted with model development and 

analysis, and provided editorial input into final drafts. I gratefully acknowledge the 

comments and suggestions made by the discussants and participants of these conferences. 

I also acknowledge the suggestions made by Mark Tippett and Peter Moffatt during the 

development of the content in this chapter. 

4.1 Introduction 

A test of market efficiency such as conventional approaches or the proposed test in 

chapter 3 is mere capable of providing a ‘yes’ or ‘no’ answer. In chapter 3, I documented 

that the results of such tests may deliver varying results with respect to the commodity 

futures investigated and also the time periods that they are investigated. Chapter 3 also 

demonstrates that the decision on market efficiency may also depend on the market 

conditions such as volatility in prices or stochastic properties of risk premiums. More 

importantly, the price efficiency of a commodity futures may also depend on the time lag 

(𝛿) prior to the maturity at which the price efficiency is investigated. Therefore, it will be 

more informative for the investors if we can develop an index to quantify the degree of 

market efficiency of an individual or group of futures contract combining all these factors 

instead of classifying whether an individual futures contracts in efficient or not. Such a 

measure can then be used to investigate the efficiencies of a group of contracts such as a 

market sector, exchange or a particular region of the world. A proper efficiency measure 

should demonstrate how close the futures prices of a contract or group of contracts is to 

the ideal state of efficiency. In this chapter, I construct such an efficiency index for futures 

markets by taking into account the realized states of efficiency over a time period prior to 
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the maturity of a contract. The proposed efficiency test with a kernel based weighting is 

used to construct the index. That is, the realized state of efficiency at a particular time lag 

(𝛿) is obtained using the new efficiency test introduced in chapter 3. With the proposed 

efficiency index in this chapter, I perform a comprehensive re-examination of market 

efficiency using a cross sectional sample of 202 futures traded worldwide during the 

period 2000 to 2011. Empirical results show that the market efficiency varies significantly 

not only across individual futures, but also among major market sectors, exchanges, and 

regions with evidences of effects due to the Global Financial Crisis (GFC) in 2008. My 

investigation also extends further to an extensive comparison of risk premiums along with 

other fundamentals in futures such as trading volumes, heteroscedastic properties, and 

related model estimates across different futures, market sectors, exchanges and regions.  

4.2 Measuring the Degree of Market Efficiency 

The idea of measuring the degree of market efficiency seems to be a topic of 

interest in the recent finance literature. A recent attempt on measuring the market 

efficiency can be found in Kristoufek and Vosvrda (2013) who introduce a market 

efficiency index for capital markets. Kristoufek and Vosvrda (2013) use the martingale 

property in stock prices in order to develop their efficiency index. The same approach is 

then extended to quantify the efficiencies in commodity futures by Kristoufek and 

Vosvrda (2014). They compare commodity futures individually as well as in groups to 

representing their market sectors. However, in testing the futures market efficiency, 

Brenner and Kroner (1995) demonstrate that futures basis and the risk premium could 

possibly be serially correlated, and therefore testing market efficiency using the martingale 

property may provide misleading results. That is, an efficient futures contract with an 

autocorrelated basis/risk premium may be rejected by the martingale based efficiency test 

leading to an invalid conclusion. Moreover, Kellard et al. (1999) has made an attempt to 

quantify the degree of efficiency in futures considering short-term deviations from the 

underlying equilibrium. However this approach is based on the unbiasedness hypothesis 

(see section 2.5.2) which assumes risk neutrality in testing market efficiency. 

Acknowledging these previous attempts of measuring market efficiency and motivated by 

the underlying fundamental drawbacks of those approaches, I propose a novel market 

efficiency index for futures markets based on the rational expectation theory (see section 

2.5.2) which considers a time-varying risk premium. In order to account for time-varying 
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property of the risk premiums and the conditional heteroscedasticity in prices, I employ 

the efficiency test developed in chapter 3 to construct the efficiency index as demonstrated 

in the following sections. Such an index does not exist in the literature. 

 Construction of a New Efficiency Index 4.2.1

The rationale of the proposed market efficiency index is to consider a series of 

time lags prior to the maturity of a futures contract and test for the price efficiency at each 

lag respectively. These test results which represent the realized states of efficiency at each 

lag are then aggregated into a single measure called an efficiency index. Therefore, this 

index will represent the overall efficiency of a futures contract over a time frame prior to 

the maturity. This approach allows us to overcome the effect of random price shocks 

specific to a particular time point on the outcome of the efficiency test. Contract specific 

efficiency index values can then be averaged out across various groups such as market 

sectors, exchanges, and regions. To compute the proposed efficiency index, first, I prepare 

the market efficiency test introduced in section 3.3
26

 to a series of time lags, 𝛿 =

20, 19,… ,6 prior to the maturity day (𝑡𝑖,𝑗) of a contract 𝑖 corresponding futures 𝑗 as 

illustrated in Figure 4.1. Here I define an efficiency indicator 𝐼𝑗(𝛿) such that 𝐼𝑗(𝛿) = 1, if 

the efficient market hypothesis is accepted at a significance level 𝛼 for 𝑗𝑡ℎ commodity at 

time lag 𝛿 and 𝐼𝑗(𝛿) = 0 otherwise. In this thesis I use 𝛼 = 5% for all 𝛿 = 20,19, … ,6. 

 

Figure 4.1: Schematic Diagram of the Way of Testing Market Efficiency to Develop the Efficiency 

Index 

This figure illustrates the procedure of testing the market efficiency over a series of time lags prior to the 

maturity. These test results are used to compute the proposed market efficiency index.  

                                                 
26 Alternatively, one can prefer to use a conventional market efficiency test discussed in chapter 3 instead of the method 

I proposed. I select the proposed test here to construct the market efficiency index as the proposed test is already 

justified to be robust for various market conditions compared with conventional approaches. 
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The selection of a proper lagged time period prior to the maturity of a contract (i.e. 

the range of 𝛿) plays a vital role  in making the proposed efficiency index informative. 

Following the arguments (see  Samuelson (1965), Grammatikos and Saunders (1986), 

Walls (1999), and Kalev and Duong (2008)) related to volatility and liquidity issues of 

commodity futures, I intend to select the nearest futures contract of commodities and also 

a series of time lags starting from 𝛿 =20 business days to 𝛿 =6 business days prior to a 

maturity day, 𝑡𝑖,𝑗 of a contract. As a result, the efficiency test (i.e., estimating the 

equations (3.4)-(3.8), and performing tests in steps-(i) and -(ii) demonstrated in chapter 3) 

is repeated 15 times (see Figure. 4.1) for each selected futures (j) using the same 

logarithmic spot price at maturity, 𝑠(𝑡𝑖,𝑗), as the dependent variable and the logarithmic 

futures price series at each lag,  𝑓(𝑡𝑖,𝑗
𝛿 ) as independent variables. 

Then, I compute the efficiency index (EIK) by taking the weighted average of the 

efficiency indicator values, 𝐼𝑗(𝛿) corresponding to each time lag, 𝛿 as illustrated in 

equation (4.1). 

𝐸𝐼𝐾 =
∑ ∑ 𝐼𝑗(𝛿)

6
𝛿=20 𝑊(𝛿)𝐾

𝑗=1

𝐾∑ 𝑊(𝛿)6
𝛿=20

                                                        (4.1) 

Here, 𝑊(𝛿) is the weighting function (see section 4.2.2 for details) for the 𝑗𝑡ℎ futures at 

the time lag 𝛿, where 𝛿 = 20,… , 6 and j = 1, 2, …K. The value K represents the number 

of futures contracts considered in the cross sectional sample in calculating 𝐸𝐼𝐾. That is, I 

can calculate the efficiency index for an individual futures (K = 1), for an exchange (K = 

number of futures within the exchange), for a market sector (K = number of futures within 

the sector), or for a region where futures are traded on (K = number of futures within the 

region). Thus, the proposed efficiency index could take any value between 0 and 1, where 

1 indicates the highest degree of efficiency and 0 indicates the lowest degree of efficiency 

over the sample period. The index can take the maximum value 1 only if the futures 

contract (or the group of contracts) is efficient at every lag (i.e., 𝛿 = 20,… , 6). Similarly, 

it can take the minimum value of 0, if the futures contract (or the group of contracts) is 

inefficient at every lag. Hence the proposed efficiency index could be treated as a value-

weighted probability measure of a market being efficient during 𝛿 days prior to the 

maturity of a selected single or a group of futures.  
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 Weighting Functions used in the Proposed Efficiency Index 4.2.2

The theory of rational expectation in futures is the basis for the proposed efficiency 

test as well as the market efficiency index. According to this theory, futures price 

approaches to the spot price at the maturity when the time lag approaches to zero. That is, 

𝐹(𝑡𝑖,𝑗
𝛿 ) → 𝑆(𝑡𝑖,𝑗) when 𝛿 → 0. Therefore, the probability of the market efficiency 

hypothesis being accepted, Pr {𝐼𝑗(𝛿) = 1} should be an increasing function with 

decreasing 𝛿. Therefore, it is not justifiable to equally weight the series of efficiency 

indicators 𝐼𝑗(𝛿) in equation 4.1. Thus, a weighting function, 𝑊(𝛿) justifies the condition, 

𝑊(𝛿) → 0 when 𝛿 → 0, is used in equation (4.1). I propose the following set of kernel 

based weighting functions (options), 𝑊(𝛿) in consistent with the theory of spectral 

analysis demonstrated in Priestley (1981).  

Option (1): Linearly decreasing weights 

𝑊(𝛿) =
𝛿

20
 such that 𝛿 = 20,… , 6  

Option (2): Inverted Daniel Kernel weights 

𝑊(𝛿) = 1 − 𝑠𝑖𝑛 (𝜋
𝛿

20
) (𝜋

𝛿

20
)⁄  such that 𝛿 = 20,… , 6 and 𝜋 = 3.14159… 

Option (3): Inverted Squared Daniel Kernel weights 

𝑊(𝛿) = [1 − 𝑠𝑖𝑛 (𝜋
𝛿

20
) (𝜋

𝛿

20
)⁄ ]

2

 such that 𝛿 = 20, … , 6 and 𝜋 = 3.14159… 

Option (4): Inverted Quadratic-Spectral Kernel weights 

𝑊(𝛿) = 1 − [𝑠𝑖𝑛 (𝜋
𝛿

20
) (𝜋

𝛿

20
)⁄ − 𝑐𝑜𝑠 (𝜋

𝛿

20
)] such that 𝛿 = 20,… , 6  

and 𝜋 = 3.14159… 

Option (5): Inverted Squared Quadratic-Spectral Kernel weights 

𝑊(𝛿) = {1 − [𝑠𝑖𝑛 (𝜋
𝛿

20
) (𝜋

𝛿

20
)⁄ − 𝑐𝑜𝑠 (𝜋

𝛿

20
)]}

2

 such that 𝛿 = 20,… , 6  

and 𝜋 = 3.14159… 

Option (6): Uniform weights (Equally Weighted for comparison purpose)  

𝑊(𝛿) = 1 for all 𝛿 = 20, … , 6 



66 

Linear decreasing weight function in option- (1) allows us to linearly depreciate the weight 

value when 𝛿 approaches to zero. Alternatively, Daniel and Quadratic-Spectral kernel 

weight functions (inverted) in options-(2) and -(3) are proposed from Priestley (1981). 

Hong (2001) introduces these two kernels to weigh the importance of information in near 

lags compared to far lags in computing their test statistic of the proposed Granger 

causality test
27

. I employ the same kernels by inverting them to decrease their values at 

near lags (i.e., smaller values of 𝛿) than the far lags. This selection can be justified because 

of the increasing probability of being efficient when the lag 𝛿 is closer to zero. Squared 

values of both Daniel and Quadratic-Spectral kernels are also considered in options -(4) 

and -(5) to increase the speed of depreciation when the lag 𝛿 approaches to zero. Finally, 

option -(6) considers equal weights on each lag to have a comparison with other options.  

Figure 4.2 illustrates the weighting values corresponding to each weighting option 

by the time lag 𝛿. Moreover, Figure 4.2 also plots the realized probability measure of 

convergence of futures prices to the spot price at the maturity.
28

   It is evident from Figure 

4.2 that the squared Daniel kernel considers information up to one week prior to the 

maturity (5 < 𝛿 < 20), but not for the nearest week prior to the maturity (0 < 𝛿 ≤ 5) 

which is consistent with the selected series of lags (𝛿 = 20,19,… ,6) for the construction 

of proposed efficiency index compared to other weighting schemes. Exclusion of the 

nearest week is also empirically reasonable as the realized probability of convergence in 

Figure 4.2 becomes strong (above 0.6) when 𝛿 ≥ 5. All the other weighting functions 

allow considerable amount of information even from the nearest week which may cause 

biases for the computation of the proposed efficiency index. Thus, it is justifiable (both 

theoretically and empirically) that the squared Daniel kernel is the most suitable option to 

weight the efficiency indicators 𝐼𝑗(𝛿) over the series of lags considered for the proposed 

market efficiency index in equation (4.1). The suitability of the squared Daniel kernel is 

demonstrated further using an empirical example in section 4.3.2. 

                                                 
27 Hong (2001) uses other kernels such as Truncated, Bartlett, Parzen and Tukey-Hanning in addition to Daniel and 

Quadratic-Spectral kernels. However, I consider only Daniel and Quadratic-Spectral kernels in this study since above 

mentioned other kernels are not continuous. See Hong (2001) and Priestley (1981) for more details. 
28 This probability measure is computed using average absolute differences between futures price on each lag and spot 

price at the maturity. Computation is based on the futures contracts listed in Appendix B. Average absolute differences 

are rescaled into probability measures such that the Pr(𝛿 = 20) = 0 and Pr(𝛿 = 0) = 1. I use the observed difference 

between contemporaneous futures price and the spot price at the maturity as an indicator to derive the probability 

measure of convergence since there is no such measure exists in the literature so far.  
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Figure 4.2: Weighting Function Values and Probability of Convergence by the Time Lag 

This figure illustrates how each weighting function namely, linear, Daniel, Squared Daniel, Quadratic Spectral, and 

Squared Quadratic Spectral response when the time lag decreases. This figure also plots the realized probability of 

convergence of futures prices to their spot prices at the maturity of a contract. 

 

 Computation of the Proposed Efficiency Index for a Single Futures 4.2.3

In this section I demonstrate the computation of the proposed market efficiency 

index using the WTI crude oil traded on the CME during 2000-2011. Panel A of Table 4.1 

illustrates the corresponding results for the series of time lags 𝛿 = 20,19,… ,6. Columns 

(2) and (3) in Table 4.1 illustrate the results corresponding to step -(i) and (ii) of the 

proposed efficiency test when applied each lag, 𝛿, to test the market efficiency of WTI 

crude oil. It is evident that, in certain lags (16, 15, 9, and 7), futures prices have become 

inefficient on the spot price at the maturity due to 𝐼𝑗(𝛿) = 0  on these lags.  As we can 

expect, the result of a market efficiency test need not to be consistent over the time due to 

changes in the market conditions. It is also evident from Table 4.1 that the degree of 

efficiency corresponding to WTI crude oil may become less than 1 as it is not efficient at 

every lag. To demonstrate this, I compute the efficiency index for WTI crude oil using all 

weighting functions proposed in section 4.2.2 and presented them in Panel B of Table 4.1 

along with 95% level bootstrapping confidence intervals from 1000 samples. 
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Table 4.1: Computation of the Market Efficiency Index for  WTI Crude Oil Futures  

This table summarises the results of market the efficiency of WTI crude oil futures traded at CME. Panel A presents 

the results of the market efficiency corresponding to different lags prior to the maturity. ** and *** indicate the 

significance of the stationarity at 5% and  1% respectively. Panel B compares efficiency index values computed using 

equation 4.1 using different weighting functions. 

Panel A: Efficiency Test Results for the Series of Time Lags 

Lag 

𝛿 

Test statistic 

for the 
stationarity of 

휀𝛿(𝑡𝑖,𝑗)    

Step-(i)     

Test statistic 
for the LLR 

test of  

 H0:  𝛽1,𝑗 = 1   

Step-(ii)     𝐼𝑗(𝛿) �̂�1,𝑗 𝛾0,𝑗 𝛾1,𝑗 

Average 

�̂�𝑎𝑛(𝑡𝑖,𝑗
𝛿 ) 

(annualized %) 

Average 

Daily 

Volume  

20 -10.5878*** 0.099 1 1.002 0.006 -0.094 6.787 152546 

19 -9.5241*** 0.172 1 1.001 0.004 0.030 5.988 150905 

18 -11.1804*** 0.891 1 0.999 0.002 0.064 4.238 164579 

17 -9.11699*** 0.385 1 1.001 0.001 0.063 0.211 174532 

16 -10.8332*** 4.262** 0 1.000 0.001 0.117 1.062 165182 

15 -10.5156*** 7.255** 0 0.999 0.002 0.114 3.939 161010 

14 -11.0238*** 0.150 1 1.001 0.004 0.081 8.325 166946 

13 -10.7505*** 0.639 1 1.001 0.002 0.059 5.111 194850 

12 -10.6537*** 0.293 1 1.001 0.002 0.065 4.158 204428 

11 -11.1118*** 0.155 1 1.000 0.001 0.053 2.346 200898 

10 -11.8905*** 0.910 1 1.000 0.001 0.070 1.763 187672 

9 -11.3774*** 6.974** 0 1.003 -0.010 -0.076 -27.362 187895 

8 -12.6263*** 0.459 1 1.000 0.000 0.004 -0.162 183961 

7 -11.3160*** 10.203** 0 1.000 0.000 0.054 -1.982 178131 

6 -12.4383*** 0.228 1 1.001 -0.003 -0.166 -9.388 157019 

Panel B: Efficiency Index Under Different Weighting Functions 

Weighting function 𝑊(𝛿) Efficiency Index EI1 95% Confidence Interval 

Linearly decreasing weights 0.759 (0.469 , 0.929) 

Inverted Daniel Kernel weights 0.770 (0.454 , 0.938) 

Inverted Squared Daniel Kernel weights 0.797 (0.407 , 0.980) 

Inverted Quadratic-Spectral Kernel weights 0.743 (0.461 , 0.927) 

Inverted Squared Quadratic-Spectral Kernel weights 0.752 (0.496 , 0.944) 

Uniform weights (Equally Weighted) 0.733 (0.467 , 0.933) 

It is evident from Panel B of Table 4.1 that the market efficiency index of WTI 

crude oil varies between 0.733 and 0.797 depending on the weighting function that we 

select. The uniform weighting scheme gives the lowest efficiency index while the squared 

Daniel kernel provides the highest. Out of the six weighting schemes used in Panel B, the 

recommended squared Daniel kernel gives the highest efficiency index value for the WTI 

crude oil futures with the widest confidence interval. This implies that the squared Daniel 

kernel allows a particular futures to indicate its best possible price efficiency compared to 

other weighting schemes. Furthermore, the efficiency index values given by the six 

weighting schemes are very close to each other. That is, the bias due to the selection of the 

weighting scheme is minimal. This issue is investigated further in section 4.3.2.  

4.3 Examining Futures Market Efficiency of All the Futures 

In this section, I demonstrate how the proposed efficiency index performs by 

examining the efficiency of a sample of 85 commodity and 117 non-commodity futures. 
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This cross sectional sample belongs to market sectors namely, agricultural & livestock 

(56), energy & fuel (9), industrial materials (10), precious metals (10), index futures (74), 

and currency futures (43). 

 Description of the Sample 4.3.1

The entire sample is based on the data corresponding to the nearest futures prices 

extracted over the period January 2000
29

 to December 2011, which can be considered as a 

vulnerable time horizon for the studies of financial markets. Initially I considered all the 

futures contracts traded at each exchange that are listed in the Bloomberg database. During 

this search process, it was observed that a significant number of new exchanges have 

entered into the futures (physical delivery as well as index futures contracts) market for 

the first time since the global financial crisis in 2008. However, due to the inadequacy of 

the number of data points to make valid inferences in the efficiency test proposed in 

section 3.3, I had to discard 30% to 75% of contracts from each exchange. Furthermore, as 

the main purpose of this section is to emphasize the practical importance of the 

expectation theory in efficient markets, the sample is limited to futures in commodity, 

index, and currency markets. A complete list of the 202 individual futures selected in the 

dataset along with the time periods covered is available in Appendix B. Daily data on the 

nearest futures contract are retrieved from Bloomberg. All prices are converted into US 

dollar values in order to minimize the exchange rate fluctuation effects in local currencies. 

The spot price at maturity of a contract is approximated by using the corresponding futures 

price on the date of maturity as both prices are the same under no-arbitrage conditions. 

This is mainly due to the practical difficulty in identifying a single spot price series 

especially for commodities as the delivery location may vary in different time periods for 

the same commodity. Monthly (or less frequent depending on the availability of contracts 

per year) data sets are then organized using the futures price on maturity (I used the last 

date of trading as the day of maturity in each contract), and 𝛿 −days lagged futures prices.  

 Selection of the Best Weighting Function  4.3.2

In computing the efficiency index in equation (4.1), different weighting schemes 

can also be used for different futures. For simplicity, I assume the same weighting 

function for all futures under investigation. From the discussions in section 4.2.2 and 

4.2.3, it is evident that, among the six weighting options, the squared Daniel kernel seems 

                                                 
29 Exact starting date may depend on the availability of data. Only those futures with data available before the 01st 

January 2005 are considered in the sample.  
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to be the most appropriate one. The issue of selecting the most suitable weighting scheme, 

is investigated further in this section by calculating the efficiency index for a cross 

sectional sample. I evaluate the market efficiency index (EIK) for all 202 futures under 

each weighting function and assessed the cross sectional pairwise correlations among 

weighting functions and results are illustrated in Table 4.2.. The distance of correlations 

from the uniform weighting function is considered as the bases of the selection criteria 

where the weighting scheme with the highest distance is the best. The reason for the 

selection of the uniform weighting function as the base for comparison is that the uniform 

weighting scheme allocates equal weights for each lag (𝛿) and therefore, they theoretically 

violates the theory of convergence of futures prices. Therefore, a weighting scheme with 

the highest distance from this base is the best to be used here.  

Table 4.2: Correlation among Efficiency Indexes under Different Weighting Functions 

This table presents pairwise cross sectional correlations among efficiency indexes computed using 

different weighting functions. All correlations are significant at 5% level.  

 Kernel Function Daniel 

Quadratic-

Spectral 

Squared 

Daniel 

Squared 

Quadratic-

Spectral Linear 

Quadratic-Spectral 0.969 

    Squared Daniel 0.983 0.911 

   Squared Quadratic-Spectral 0.986 0.996 0.943 

  Linear 0.995 0.989 0.961 0.998 

 Uniform 0.943 0.996 0.871 0.985 0.971 

Table 4.3: Summary of Estimated Results of the Overall Sample for the Full Period 

This table summarises results of cross sectional sample of 202 futures listed in Appendix C. Inverted Squared Daniel 

Kernel method is used as the method of weighting in calculating the efficiency index values for all the futures. Last row 

presents the percentage of cases where the cointegrating relationship in step (i) of the proposed market efficiency test is 

significant.   

 
𝐸𝐼K  �̂�1,𝑗 𝛾0𝑗  𝛾1𝑗 �̂�0,𝑗  �̂�1,𝑗 �̂�2,𝑗  �̂�(𝑡𝑖,𝑗) 

Average 

Daily 

Volume 

Mean 0.843 1.000 0.001 0.011 0.001 0.439 0.199 2.17 32417.77 

Standard Deviation 0.192 0.007 0.003 0.167 0.002 0.239 0.192 4.86 111657.17 

Coefficient of 

variation (%) 22.55 0.73 320.56 1566.43 126.32 54.49 96.77 224.19 340.75 

5th Percentile 0.469 0.993 -0.002 -0.251 0.000 0.084 0.006 -2.62 12.72 

95th Percentile 1.000 1.004 0.006 0.280 0.004 0.851 0.613 10.81 173902.01 

% cases that the  cointegration hypothesis accepted in all lags = 99.5% 

    

According to Table 4.2, it is evident that the squared Daniel kernel weighting 

function indicates the lowest correlation (0.871) with the uniform weightings. On the other 

end, quadratic-spectral kernel has the highest correlation (0.996) with the uniform weights. 

This further justifies our selection of the inverted squared Daniel kernel function as the 

weights to be used in calculating the market efficiency index. Accordingly, the market 

efficiency of the sample of 202 futures is evaluated using the proposed market efficiency 
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index weighted by the squared Daniel kernel and the results along with relevant parameter 

estimates
30

 corresponding to equations (3.4)-(3.8) are presented in Appendix C. Table 4.3 

summarizes the results in Appendix C to envisage the overall futures market conditions. 

The high average efficiency index value (0.843) in Table 4.3 indicates that  on 

average, futures markets are closer to the state of efficiency than inefficiency. That is, 

there is a probability of 84.3% that an investor’s expectation on the future spot price 

becomes a reality during 20 to 6 days prior to the maturity of a futures contract. However, 

the coefficient of variation (22.5%) of the efficiency index reveals that the degree of 

efficiency has a cross sectional variability which can be decomposed further. From Table 

4.3, the acceptance of the rational expectation theory in futures is also evident due to the 

average estimate value of 𝛽1,𝑗 from equation (3.4) of the proposed efficiency test which is 

1.000. The narrow percentile range in �̂�1,𝑗 (0.993, 1.004) and its low coefficient of 

variation (0.73%) also indicate the stability of the estimated 𝛽1,𝑗 across different contracts.  

Estimates corresponding to the risk premium model in equation (3.5) reveal that 

the unconditional mean of the risk premium (𝛾0𝑗) is very close to zero (0.001). In addition, 

both positive and negative autocorrelations in risk premiums between current and previous 

maturity cycles are apparent due to the altering signs in the percentile range of 𝛾1𝑗 (-0.002, 

0.006). The conditional variance model coefficient estimates if equation (3.8) presented in 

Table 4.3 indicate that both short-term (𝜑1,𝑗) and long-term (𝜑2,𝑗) memory in the 

conditional variance of spot prices exists in all futures markets at different degrees with an 

average persistence (𝜑1,𝑗 + 𝜑2,𝑗) of 0.638. The percentile range (-2.62, 10.81) of the 

estimates of annualized values of risk premiums (�̂�(𝑡𝑖,𝑗)) also reveals that markets are 

jointly backward and contango across the cross section of the sample of futures. Finally, 

summary measures of the average daily volumes demonstrate the high volatility in number 

of daily transactions in various markets across different regions in the world. 

 A Comparison of the Efficiency of Market Sectors (2000-2011) 4.3.3

Table 4.4 summarises the results in Appendix C by market sectors. A series of 

Kruskal Wallis tests are performed to examine the significance of differences in averages 

of parameters across the market sectors under the null hypothesis that there is no 

                                                 
30 Parameter estimates are also averaged inverted squared Daniel kernel weights to be consistent with the evaluation of 

proposed market efficiency index. 
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difference in the average efficiency index values between markets. Results in Table 4.4 

reveal that all parameters are significantly different on average across market sectors at 

5% level excluding �̂�1,𝑗. Moreover, the index futures market indicates the highest degree 

of market efficiency (0.913) compared to other market sectors. This result is consistent 

with the fact that the prices of index futures are more informative for investors and help to 

foresee future movements of the corresponding spot markets (Chung, 1991). Furthermore, 

index futures markets pay significantly high premiums of 4.17% (which is significantly 

positive according to the confidence interval) to the investors. According to Antoniou and 

Holmes (1996) the risk premiums in FTSE-100 stock index futures are positive and 

significant for contracts at least six months prior to the maturity. The results in Table 4.4 

are consistent with this finding even for shorter periods before the maturity.  

 According to Table 4.4, energy & fuel futures sector is the second highest efficient 

market (0.844) and carries a significantly positive risk premium (3.15%). Considine and 

Larson (2001) show that risk premiums in energy futures such as crude oil and natural gas 

can be affected by price volatilities, while Sadorsky (2002) documents that energy futures 

prices are predictable based on macroeconomic factors such as equity market dividend 

yields, bond yields and Treasury-bill rates. Therefore, energy futures may act similar to 

financial assets such as the index futures, especially during a financially vulnerable period 

such as 2000-2011. As far as commodity markets are concerned, energy & fuels market 

takes the first place among commodities for the efficiency ranking. Kristoufek and 

Vosvrda (2014) also rank energy on the top among US-based commodities that they have 

studied. 

Moreover, they rank metals as relatively low efficient similar to mine, where 

precious metals taking the fourth rank and the industrial materials taking the last place. 

Furthermore, Charlot and Marimoutou (2014) argue that precious metal markets are 

shocked by currency and stock market volatilities which are also evident from the section 

5.6 in chapter 5. These findings are consistent with the observed insignificant risk 

premium in Table 4.4 with a confidence interval of (-0.47%, 2.89%) for precious metal 

futures. This could also be due to the fact that their prices are affected by macroeconomic 

factors causing the prices to become more volatile making the premiums to move up and 

down frequently.  
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Table 4.4: A Comparison of the Efficiency of Market Sectors (2000-2011)   

This Table summarises the results in Appendix C by market sectors. All parameter estimations are performed using the inverted squared Daniel kernel weights across the time lags from 20 

days to 6 days prior to the maturity of a contract. Confidence intervals are computed using 1000 bootstrapped samples within each sector. Kruskal Wallis Test is performed under H0: all 

averages of the underlying parameter are equal across market sectors. * and *** indicate the significance at 10%, and  1% respectively. 

Market Sector 

𝑬𝑰𝐊 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) K 

Index Futures 0.913 

(0.870,0.941) 

1.001 

(1.000,1.001) 

0.0020 

(0.0014,0.0027) 

0.065 

(0.029,0.094) 

0.00096 

(0.00076,0.00121) 

0.529 

(0.472,0.577) 

0.131 

(0.106,0.169) 

4.168 

(3.160,5.317) 

74 

Energy Futures 0.844 

(0.752,0.924) 

1.000 

(0.999,1.002) 

0.0022 

(0.0009,0.0033) 

-0.031 

(-0.097,0.005) 

0.00294 

(0.00203,0.00412) 

0.324 

(0.214,0.426) 

0.238 

(0.153,0.369) 

3.146 

(1.120,4.619) 

9 

Currency Futures 0.834 
(0.786,0.883) 

1.000 
(0.998,1.001) 

-0.0002 
(-0.0012,0.0003) 

-0.119 
(-0.165,-0.066) 

0.00020 
(0.00016,0.00026) 

0.341 
(0.292,0.408) 

0.310 
(0.249,0.385) 

0.232 
(-0.736,0.967) 

43 

Precious Metals 0.813 

(0.685,0.923) 

1.000 

(0.998,1.002) 

0.0006 

(-0.0003,0.0020) 

-0.080 

(-0.117,-0.026) 

0.00153 

(0.00103,0.00214) 

0.378 

(0.255,0.585) 

0.261 

(0.134,0.420) 

1.064 

(-0.469,2.887) 

10 

Agricultural & Livestock 0.781 

(0.710,0.832) 

0.998 

(0.994,1.001) 

0.0006 

(-0.0000,0.0012) 

0.054 

(0.012,0.098) 

0.00199 

(0.00156,0.00269) 

0.440 

(0.383,0.515) 

0.165 

(0.129,0.220) 

1.547 

(0.564,2.608) 

56 

Industrial Materials 0.738 
(0.595,0.854) 

1.002 
(1.001,1.004) 

0.0005 
(-0.0033,0.0111) 

0.052 
(-0.030,0.114) 

0.00181 
(0.00094,0.00342) 

0.363 
(0.257,0.437) 

0.313 
(0.222,0.391) 

-0.634 
(-6.125,6.943) 

10 

Kruskal Wallis Test for average differences between sectors       

Test Statistics (𝜒2) 
(p-value) 

27.602*** 
(<0.001) 

10.165* 
(0.071) 

38.233*** 
(<0.001) 

42.013*** 
(<0.001) 

79.450*** 
(<0.001) 

21.585*** 
(0.001) 

33.052*** 
(<0.001) 

36.752*** 
(<0.001) 

 

Table 4.5: A Comparison of the Efficiency of Futures Exchanges (2000-2011) 

This Table summarises the results in Appendix C by futures exchanges. All parameter estimations are performed using the inverted squared Daniel kernel weights across the time lags from 20 

days to 6 days prior to the maturity of a contract.  

 Exchange 𝑬𝑰𝐊  �̂�𝟏,𝒋 �̂�𝟎𝒋 �̂�𝟏𝒋 �̂�𝟎,𝒋 �̂�𝟏,𝒋 �̂�𝟐,𝒋 �̂�(𝒕𝒊,𝒋) K 

Korea Exchange 1.000 0.995 0.0011 -0.082 0.00005 0.608 0.244 0.913 2 

Osaka Securities Exchange 1.000 1.002 0.0013 0.201 0.00015 0.825 0.091 3.573 1 

Tokyo Stock Exchange 1.000 1.002 0.0020 0.064 0.00019 0.782 0.118 3.815 1 
Taiwan Futures Exchange 0.998 1.001 0.0035 -0.132 0.00126 0.478 0.132 4.842 3 

Hong Kong Futures Exchange 0.989 1.000 0.0041 0.114 0.00042 0.638 0.313 6.692 3 

Singapore Exchange (was SIMEX) 0.973 1.001 0.0050 0.211 0.00030 0.653 0.226 6.247 2 
Borsa Italiana (IDEM) 0.969 1.000 0.0004 -0.032 0.00053 0.823 0.036 0.285 2 

Montreal Exchange 0.969 1.001 0.0007 0.230 0.00026 0.672 0.109 2.475 1 

Kansai Commodity Exchange 0.968 1.002 -0.0024 -0.059 0.00033 0.757 0.096 -3.259 3 
Chicago Board of Trade 0.965 1.000 0.0015 0.007 0.00027 0.557 0.038 3.042 2 

Oslo Stock Exchange 0.947 1.003 0.0051 0.293 0.00122 0.176 0.812 12.622 1 

National Stock Exchange 0.912 1.000 0.0001 0.027 0.00391 0.191 0.114 1.332 2 
NYSE.liffe 0.911 1.001 0.0015 0.066 0.00125 0.613 0.061 3.124 9 

South African Futures Exchange 0.911 1.001 0.0042 0.128 0.00161 0.399 0.245 9.878 9 

Eurex 0.901 1.001 0.0010 0.053 0.00102 0.482 0.084 2.971 29 
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 Exchange 𝑬𝑰𝐊  �̂�𝟏,𝒋 �̂�𝟎𝒋 �̂�𝟏𝒋 �̂�𝟎,𝒋 �̂�𝟏,𝒋 �̂�𝟐,𝒋 �̂�(𝒕𝒊,𝒋) K 

Mercado Mexicano de Derivados 0.900 1.001 -0.0003 0.036 0.00027 0.388 0.494 0.194 2 
Meff Renta Variable (Madrid) 0.893 1.001 0.0000 -0.078 0.00121 0.455 0.111 -0.105 2 

Tokyo Commodity Exchange 0.892 1.001 0.0012 -0.028 0.00232 0.326 0.257 2.265 8 

Tokyo Grain Exchange 0.888 1.001 0.0010 -0.017 0.00620 0.276 0.314 0.937 4 
Bolsa de Mercadorias & Futuros 0.881 1.001 0.0006 0.062 0.00076 0.569 0.186 1.496 5 

Warsaw Stock Exchange 0.863 1.001 0.0007 0.154 0.00126 0.442 0.135 2.224 4 

Malaysia Derivatives Exchange 0.827 1.000 -0.0001 0.095 0.00043 0.480 0.232 -0.467 3 
Chicago Mercantile Exchange 0.826 0.999 0.0007 -0.030 0.00099 0.383 0.236 1.681 53 

Multi Commodity Exchange of India 0.805 1.001 0.0054 -0.066 0.00178 0.338 0.184 5.862 5 

Zhengzhou Commodity Exchange 0.803 1.005 0.0013 -0.215 0.00019 0.875 0.007 1.911 1 

Wiener Borse 0.767 1.002 0.0002 0.132 0.00118 0.599 0.079 0.617 2 

Dalian Commodity Exchange 0.766 1.001 -0.0001 -0.031 0.00058 0.716 0.045 0.171 3 

National Commodity and Derivatives Exchange of India 0.759 1.002 -0.0004 -0.064 0.00186 0.380 0.180 -0.308 7 
ICE Futures-Europe 0.758 1.003 0.0034 -0.150 0.00365 0.117 0.356 3.015 2 

Budapest Stock Exchange 0.745 1.001 0.0004 -0.195 0.00082 0.257 0.257 0.339 6 

Russian Trading System 0.745 0.999 -0.0015 -0.085 0.00008 0.469 0.129 -2.271 1 
ICE Futures-US 0.698 0.994 0.0006 0.038 0.00131 0.374 0.230 1.535 15 

Shanghai Futures Exchange 0.684 1.001 -0.0016 0.152 0.00095 0.453 0.343 -3.678 3 

London Metal Exchange 0.647 1.001 -0.0038 0.041 0.00060 0.462 0.363 -5.176 4 
Minneapolis Grain Exchange 0.590 0.995 0.0052 0.126 0.00278 0.107 0.757 7.442 1 

Athens Derivative Exchange 0.578 0.998 0.0015 -0.102 0.00267 0.451 0.117 2.080 1 

Table 4.6: A Comparison of the Efficiency of Regions (2000-2011) 

This Table summarises the results in Appendix C by regions where contracts are traded on. All parameter estimations are performed using the inverted squared Daniel kernel weights across the 

time lags from 20 days to 6 days prior to the maturity of a contract. Confidence intervals are computed using 1000 bootstrapped samples within each region. . Kruskal Wallis Test is performed 

under H0: all averages of the underlying parameter are equal across market sectors.  * indicate the significance at 10%. 

Region 

𝑬𝑰𝐊   

(95% CI) 

�̂�𝟏,𝒋  

(95% CI) 

�̂�𝟎𝒋  

(95% CI) 

�̂�𝟏𝒋  

(95% CI) 

�̂�𝟎,𝒋  

(95% CI) 

�̂�𝟏,𝒋  

(95% CI) 

�̂�𝟐,𝒋  

(95% CI) 

�̂�(𝒕𝒊,𝒋)  

(95% CI) K 

Africa 0.911 

(0.825,0.955) 

1.001 

(1.000,1.002) 

0.0042 

(0.0017,0.0061) 

0.128 

(0.040,0.207) 

0.00161 

(0.00111,0.00212) 

0.399 

(0.233,0.565) 

0.245 

(0.136,0.401) 

9.878 

(4.778,16.017) 

9 

Latin America 0.886 

(0.783,0.950) 

1.001 

(1.000,1.001) 

0.0003 

(-0.0008,0.0020) 

0.054 

(-0.055,0.204) 

0.00062 

(0.00030,0.00113) 

0.517 

(0.306,0.705) 

0.274 

(0.123,0.518) 

1.124 

(-0.700,3.189) 

7 

Asia 0.869 

(0.812,0.911) 

1.001 

(1.000,1.001) 

0.0013 

(0.0004,0.0030) 

-0.006 

(-0.043,0.030) 

0.00169 

(0.00124,0.00258) 

0.471 

(0.404,0.537) 

0.203 

(0.159,0.257) 

1.730 

(0.305,3.355) 

51 

Europe 0.846 

(0.798,0.891) 

1.001 

(1.001,1.001) 

0.0006 

(-0.0001,0.0010) 

0.018 

(-0.024,0.058) 

0.00109 

(0.00085,0.00144) 

0.448 

(0.388,0.507) 

0.151 

(0.113,0.207) 

1.786 

(0.749,2.960) 

54 

US-Canadian 0.814 

(0.760,0.851) 

0.998 

(0.995,1.000) 

0.0008 

(0.0003,0.0014) 

-0.001 

(-0.042,0.040) 

0.00107 

(0.00081,0.00144) 

0.412 

(0.363,0.465) 

0.216 

(0.179,0.265) 

1.929 

(1.244,2.815) 

81 

Kruskal Wallis Test for average differences between sectors      

Test Statistics (𝜒2) 
(p-value) 

0.705 

(0.872) 

0.264 

(0.967) 

4.826 

(0.185) 

6.986* 

(0.072) 

5.608 

(0.132) 

0.887 

(0.829) 

4.365 

(0.225) 

5.471 

(0.140) 

 



75 

Agricultural and livestock futures are ranked at the fifth place according to the 

efficiency index Table 4.4 and record an significantly positive risk premium of 1.55% with 

a confidence interval of (0.56%, 2.61%) per annum. Bjornson and Carter (1997) show that 

the agricultural futures prices are negatively related with macroeconomic factors and 

hence the risk premiums can be expected to be low. On the other hand, Wakita (2001) 

documents that the futures of agricultural commodities such as rice behave like a 

commodity-oriented market during the summer and like a financial-oriented market during 

autumn and spring. The stocks of such storable commodities may provide a natural hedge 

against high interest rates and inflationary conditions, and therefore the holders of these 

commodities will try to minimize their stocks if they do not seek a hedge during a time 

with high interest rates and rapid economic growth (Bjornson and Carter, 1997). My 

results for agricultural livestock risk premiums also support their argument, and also its 

positive and significant risk premium which indicates the investment-orientation of the 

market. In contrast, insignificant risk premium in industrial materials (-6.13%, 6.94%) 

clearly indicate the consumption-orientation of the market on average. 

The currency market, which is the third efficient market indicates an insignificant 

risk premium with a narrow confidence interval of (-0.74%, 0.97%) which is in line with 

the findings of Inci and Lu (2007). Low risk premiums in currency futures may exist 

merely due to the interest rate parity between two underlying currencies (Brenner and 

Kroner, 1995).      

 A Comparison of Efficiencies of Futures Exchanges (2000-2011) 4.3.4

Table 4.5 summarizes the results in Appendix C in the descending order of the 

average market efficiency index of each futures exchange. It can be seen that, among the 

exchanges having at least five futures in them (K ≥ 5), NYSE liffe and South African 

Futures Exchange are the most efficient ones. The third and fourth efficient ones are Eurex 

and Tokyo Commodities Exchange respectively. Furthermore, some of the Asian 

exchanges such as Korea Exchange, Osaka Securities, Tokyo Stock Exchange, and 

Taiwan Futures Exchange indicate topmost efficiency levels however, the number of items 

sampled within those exchanges is not adequate to make a valid conclusion on their ranks. 

Another interesting feature that can be observed in the ranking of Table 4.5 is the low 

efficiency index values reported for leading exchanges such as CME (0.826), ICE-US 

(0.698), and London Metal Exchange (0.647). As suggested by Wang and Ke (2005), 

transportation and other related costs specific to the locations of the exchanges, their 
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delivery locations/warehouses, factors such as location segregation, the age in trading such 

futures contracts, and size of the exchange may have an impact on such difference in 

efficiency of futures prices among the futures exchanges. Possible reasons for these 

leading exchanges to be placed on lower ranks may be, dependency of contracts of these 

exchanges on other regions of the world (Liu et al., 2014), dependency of contracts with 

complementary assets (Halova Wolfe and Rosenman, 2014), and correlations between 

leading equity index and commodity futures (see for example Creti et al. (2013), Gilbert 

(2010), Silvennoinen and Thorp (2013)).   

It should also be noted that a cross sectional sample of market sectors relevant to 

an exchange can also affect the exchange’s overall efficiency due to the variation in 

efficiency across market sectors (see Section 4.4.2). Subject to such limitations, it is 

evident from the above discussion that the proposed efficiency index has the ability to 

rank exchanges in a more informative and systematic manner compared to conventional 

volume-based classifications such as Acworth (2013). Since the proposed efficiency index 

is based on the information related to the efficiency of futures contracts traded at a given 

futures exchange during a long time period (i.e., 4 to 11 years of sampling period for a 

futures contract), I argue that the proposed efficiency index based ranking is superior to 

the existing volumes based ranking. Another stimulating feature in Table 4.5 is the varying 

sizes of average risk premiums among exchanges. Due to these varying premiums and 

wide availability of electronic trading systems, the investors seem to have a choice on 

selecting exchanges for arbitrage profits or hedging against the risk regardless of their 

locations. 

 A Comparison of Efficiency of Regions (2000-2011)  4.3.5

Majority of the available literature on futures market efficiency is related to US-

based markets (see for example Westerlund et al. (2014) and the references provided 

therein). In addition, a considerable number of studies can be found from the European 

region such as Andreou and Pierides (2008), Floros and Vougas (2008), Joyeux and 

Milunovich (2010), Lee et al. (2000), McMillan and Garcia (2008) and Lee and Mathur 

(1999). Similarly, studies related to Asian region can be found in Ali and Gupta (2011), 

Wakita (2001), and Wang and Ke (2005) among others. It is apparent from the literature 

that US markets dominates and transmit price information to other markets (see for 

example Feng-bin et al. (2008); Lu et al. (2014)). However, studies on comparisons of 

futures market efficiencies across different regions in the world are scarce. Table 4.6 fills 
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this gap with a summary of computed efficiency index values by the regions of the world 

where those futures exchanges belong to. It seems that, non-US futures become more 

informative than US and Canadian markets due to the high average efficiency index. 

However, this observation is not statistically significant due as the results corresponding to 

Kruskal Wallis tests in Table 4.6 do not support for a significantly different across region. 

Moreover, confidence intervals on regional average efficiency indexes do not support for 

significant differences between regions. It should also be noted that the average annualized 

risk premium is the highest for the African region (7.8%) while the second highest is US-

Canadian markets (3.8%). However, these differences are also not statistically significant. 

4.4 Impact of the Global Financial Crisis in 2008 

In addition to the investigation over the full sample period from January 2000 to 

December 2011, I also perform a subsample analysis motivated by the GFC in 2008. I 

identify the periods as from January 2000 to August 2008 as the pre-GFC period and from 

September 2008 to December 2011 as the post-GFC period which are in line with 

Westerlund and Narayan (2013)
31

. Investigating the impact of the GFC is also motivated 

by previous studies such as Nissanke (2012), Silvennoinen and Thorp (2013), 

Andrikopoulos et al. (2014). It is evident from these studies (and also from chapter 5 of 

this thesis) that the GFC has intensified the degree of market integration and information 

transmission among various markets. Due to these reasons, Westerlund and Narayan 

(2013) attempt to compare the market efficiencies of gold, silver, platinum, and oil futures 

between pre and post GFC periods using a U.S. based sample. They document evidence of 

a significant deviation in market efficiency only in oil during the post-GFC period but not 

for the other commodities. Findings in this section extend Westerlund and Narayan (2013) 

by considering a large cross section of futures covering six market sectors namely energy 

& fuels, industrial materials, precious metals, agricultural & livestock, index futures, and 

currency futures. That is, I compare market efficiencies between two sub periods (pre-

GFC and post-GFC) mainly using the proposed efficiency index in section 4.2. 

Furthermore, I compare the averages of estimated 𝛽1,𝑗 in equation (3.4) along with 

estimated annualized risk premiums and average daily volumes to enrich the comparison. 

Appendix D presents these results for all individual futures. Mixed results in Appendix D 

                                                 
31 It should be noted that the frequency (subject to the availability of maturity cycles) of the data set limits the ability to 

consider the GFC period alone as a sub sample period due to inadequate number of data points to make accurate 

inferences. 
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suggest that, efficient markets during pre-GFC have become less efficient or inefficient in 

the post-GFC period and vice versa. Table 4.7 summarises the results in Appendix D 

along with a series of Wilcoxon Signed Ranks Tests to examine the significances of 

parameter differences between pre- and post-GFC periods. 

The p-values of Wilcoxon Signed Ranks tests in Panel B of Table 4.7 suggest that 

market efficiency index (EIK) and the parameter 𝛽1,𝑗 have not been changed significantly 

due to the GFC, but the risk premium and trading volumes have changed. The average 

annualized risk premium during the pre-GFC period, which is 0.98% has significantly 

increased to 3.48% during the post- GFC period. The average volume during the post-

GFC period has been doubled compared to the pre-GFC period proving evidence for 

increasing attractiveness on futures investments after the GFC. It is well known that 

greater trading volume can be associated with greater price volatility (Bessembinder and 

Seguin, 1993). Moreover, a high price volatility could lead to increase risk premiums 

(Hirshleifer, 1988). Thus the significant increments in the average risk premiums and 

trading volumes in Table 4.7 could well be justified. On the other hand, the average �̂�1,𝑗 

which stays around the unity during both sub periods suggests that the price discovery 

function of futures has not been changed due to the GFC. 

Table 4.7: Summary of Results for the Pre- and Post-GFC periods 

This table summarizes results in Appendix D to compare efficiency and other parameter estimates across the sub-sample 

periods motivated by the GFC. Panel A presents a descriptive summary and Panel B presents results for the Wilcoxon 

signed rank test for parameter differences between pre- and post-GFC periods under the H0: averages of parameter 

values are equal between two sub periods. 

Panel A: Summary of Estimates by Pre- & Post-GFC Periods 

 

𝐸𝐼𝐾  

Pre-GFC 

𝐸𝐼𝐾  

Post-GFC 

�̂�1,𝑗  

Pre-GFC 

�̂�1,𝑗 

Post-GFC 

�̂�(𝑡𝑖,𝑗) 

Pre-GFC 

�̂�(𝑡𝑖,𝑗) 

Post-GFC 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 

𝑉𝑜𝑙𝑢𝑚𝑒 

Pre-GFC 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 

𝑉𝑜𝑙𝑢𝑚𝑒 

Post-GFC 

Mean 0.782 0.795 0.999 0.996 0.979 3.482 24817.1 47928.3 

Standard Deviation 0.232 0.207 0.012 0.023 5.047 8.417 85348.7 184834.4 

Coefficient Variation 29.652 26.063 1.174 2.354 515.423 241.742 343.9 385.6 

5th Percentile 0.038 0.019 0.916 0.747 -22.486 -29.633 0.1 0.1 

95th Percentile 1.000 1.000 1.047 1.023 23.498 76.490 725182.6 2082955.9 

Panel B: Wilcoxon Signed Rank Tests for Pre- and Post-GFC Comparison 

Wilcoxon Signed Rank Tests (Post-Pre) 𝐸𝐼𝐾 �̂�1,𝑗 �̂�(𝑡𝑖,𝑗) 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 

𝑉𝑜𝑙𝑢𝑚𝑒 

Z  -0.254 -0.107 -2.686*** -5.547a*** 

p-value 0.800 0.914 0.007 < 0.001 

% Post-GFC Ranks > Pre-GFC Ranks 48% 55% 56% 74% 
a. natural log of volumes are used for the test due to extreme skewness in actual volumes 

 Impact of GFC on Market Sectors 4.4.1

Table 4.8 compares the market efficiency, averages of �̂�1, annualized risk 

premiums, and average daily volumes by market sectors corresponding to pre-GFC and 
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post-GFC periods. These results are in the descending order of the efficiency index value 

corresponding to the post-GFC period in column (3). Kruskal Wallis tests in Table 4.8 

suggest that all the parameters excluding the Efficiency Index during the pre-GFC periods 

are significantly different across market sectors, demonstrating the variability in all 

parameters across market sectors. Similarly, all the parameters are significantly different 

across market sectors during the post-GFC period, especially including the efficiency 

index. That is, the degree of market efficiency has also become significantly different 

across market sectors after the GFC.  

To examine the impact of the GFC on each market sector separately, first I 

compare the market efficiencies across the sub periods in Figure 4.3 which graphically 

illustrates the change in market efficiency during pre- and post- GFC periods. Figure 4.3 is 

based on the results in Table 4.8. According to Figure 4.3, it is evident that the market 

efficiency of industrial materials has increased by 0.104 (from 0.802 in pre-GFC to 0.906 

in post-GFC). The efficiency of energy and fuels sector also shows a growth from 0.798 to 

0.89. Agricultural & livestock, currency market, and precious metals market efficiencies 

have also increased by 0.048, 0.038, and 0.014 respectively after the GFC. 

 

Figure 4.3: Market Efficiency Index for Pre-GFC and Post GFC Periods by Sectors 

This figure illustrates market efficiency index values of each market sector by sub periods motivated by 

the GFC. These results correspond to the second and third columns of Table 4.8.  

In contrast, the index futures market indicates a drop in efficiency level after the 

GFC by 0.047. It is interesting to observe that, the market efficiencies of five of the six 

sectors have increased as a result of the GFC. However, it should be noted that none of 
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these differences in efficiencies are statistically significant since underlying confidence 

intervals in Table 4.8 are overlapping. This implies that the GFC has not had a significant 

effect on the six market sectors considered here. Apart from the changes in efficiency 

index, the results in Table 4.8 indicate that the risk premiums in most of the markets have 

undergone significant shifts. Figure 4.4 graphically compares these results corresponding 

to pre- and post- GFC periods. 

 

Figure 4.4: Average Annualized Risk Premiums for Pre-GFC and Post GFC Periods by Sectors 

This figure illustrates average annualized risk premium values of each market sector by sub periods motivated by the 

GFC. These results correspond to the sixth and seventh columns of Table 4.8.  

It is evident that, overall, commodity futures risk premiums on average have been 

shifted to a positive state after the GFC in all markets regardless of the pre-GFC state 

indicating an increase in commodity futures risk premiums in general. This indicates that 

the investors have been compensated more for the risk they are exposed to during the 

turbulent period. The risk premium in energy futures market has the highest increment 

(from 1.3% to 12%) due to the GFC while the industrial materials market offers the 

second largest increment, from a negative (-2.9%) value to a positive value (7.8%). 

Precious metals and agricultural & livestock futures risk premiums have also been 

increased to positive values after the GFC. All of these increments are significant 

according to the corresponding confidence intervals in Table 4.8.  
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Table 4.8: Comparing Market Efficiency between Pre-GFC and Post-GFC Periods by Sectors 

All parameter estimations are performed using the inverted squared Daniel kernel weights across the time lags from 20 days to 6 days prior to the maturity of a contract. Confidence intervals are 

computed using 1000 bootstrapped samples within each sector and sub period. Pre-GFC period is identified as the time period up to August 2008 from the starting date of each series listed in 

Appendix B. Post-GFC period is identified as the time period from September 2008 to December 2011. Results are ranked with respect to the descending order of the values of the efficiency 

index corresponding to Pre-GFC period. Kruskal Wallis Test is performed under the H0: all averages of the underlying parameter are equal across market sectors. ** and *** indicate the 

significance at 5% and  1% levels respectively. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Market Sector 

𝑬𝑰𝐊 

(95% CI) 

Pre-GFC 

𝑬𝑰𝐊 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC K 

Industrial Materials 0.802 
(0.713,0.899) 

0.906 
(0.755,0.967) 

1.003 
(1.001,1.005) 

0.997 
(0.984,1.003) 

-2.877 
(-5.335,-0.640) 

7.815 
(4.107,13.494) 

1791.6 7850.2 10 

Energy Futures 0.798 

(0.633,0.912) 

0.890 

(0.860,0.935) 

1.002 

(1.001,1.003) 

0.996 

(0.988,0.999) 

1.309 

(-0.360,3.404) 

11.969 

(5.435,16.907) 

28083.4 73456.9 9 

Agricultural & Livestock 0.779 

(0.718,0.831) 

0.827 

(0.761,0.875) 

0.997 

(0.990,1.001) 

0.993 

(0.984,0.997) 

-0.493 

(-2.097,0.619) 

3.963 

(1.641,9.344) 

13887.0 19535.3 56 

Currency Futures 0.749 
(0.674,0.804) 

0.787 
(0.730,0.836) 

0.999 
(0.996,1.002) 

0.988 
(0.963,0.996) 

0.266 
(-0.271,0.913) 

0.863 
(-0.374,2.034) 

8484.1 41318.2 43 

Precious Metals 0.745 

(0.662,0.837) 

0.759 

(0.641,0.875) 

1.001 

(1.000,1.003) 

1.002 

(1.001,1.004) 

-2.009 

(-5.280,0.164) 

3.630 

(0.785,8.845) 

92072.8 15981.4 10 

Index Futures 0.805 

(0.726,0.857) 

0.758 

(0.700,0.802) 

1.000 

(0.999,1.000) 

1.001 

(0.999,1.002) 

3.493 

(2.294,4.842) 

3.019 

(2.209,4.633) 

36320.5 79555.3 74 

Kruskal Wallis Test for average differences between sectors 

Test Statistics (𝜒2) 
(p-value) 

8.706 
(0.121) 

14.794** 
(0.011) 

22.431*** 
(<.001) 

42.359*** 
(<0.001) 

48.829*** 
(<0.001) 

22.143*** 
(<0.001) 

18.211a*** 

(0.003) 
14.669 a** 
(0.012) 

 

a. Natural log values of volumes are used to minimize the effect of extreme skewness in volumes.  
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Table 4.9: Comparing Market Efficiency between Pre-GFC and Post-GFC Periods by Exchanges 

All parameter estimations are performed using the inverted squared Daniel kernel weights across the time lags from 20 days to 6 days prior to the maturity of a contract. Pre-GFC period is 

identified as the time period up to August 2008 from the starting date of each series listed in Appendix B. Post-GFC period is identified as the time period from September 2008 to December 

2011. Results are ranked with respect to the descending order of the values of the efficiency index corresponding to Pre-GFC period. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Exchange 

𝑬𝑰𝐊  

(95% CI) 

Pre-GFC 

𝑬𝑰𝐊  

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋  

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC K 

Tokyo Stock Exchange 0.947 1.000 1.001 1.000 23.498 2.883 26564.4 40578.8 1 

Russian Trading System 0.256 0.997 0.998 1.000 0.839 -0.312 7004.2 579570.5 1 
Malaysia Derivatives Exchange 1.000 0.995 1.000 1.001 -1.447 2.755 1289.5 2428.8 3 

National Stock Exchange 0.998 0.982 1.000 1.000 0.279 1.260 85792.4 232430.6 2 

Hong Kong Futures Exchange 0.912 0.976 1.001 0.999 5.649 11.859 18294.8 49486.8 3 
London Metal Exchange 0.896 0.968 1.001 1.000 -3.797 7.357 2037.5 7913.8 4 

Meff Renta Variable (Madrid) 0.950 0.968 0.999 1.002 2.544 1.020 8904.6 12850.0 2 

Kansai Commodity Exchange 0.873 0.924 1.000 1.001 0.452 3.064 68.6 4.7 3 
Tokyo Grain Exchange 0.888 0.923 1.002 0.992 0.183 5.404 176.0 47.7 4 

Athens Derivative Exchange 0.994 0.921 0.998 1.000 5.618 0.598 4339.2 8303.7 1 

Tokyo Commodity Exchange 0.802 0.914 1.001 1.002 -0.815 9.825 276.3 124.3 8 
Taiwan Futures Exchange 0.927 0.910 0.997 1.005 3.047 2.640 11302.5 36117.3 3 

National Commodity and Derivatives Exchange of India 0.749 0.893 0.993 1.001 -2.366 7.207 78570.1 104167.8 7 

Oslo Stock Exchange 0.466 0.884 1.005 1.000 -1.639 37.553 5788.8 12032.6 1 
ICE Futures-Europe 0.451 0.866 1.004 1.001 -2.358 19.879 35836.5 96979.1 2 

Budapest Stock Exchange 0.689 0.828 1.002 1.000 -3.686 1.465 876.1 1985.2 6 

Wiener Borse 0.691 0.820 1.001 1.002 1.859 1.002 147.7 191.0 2 
Eurex 0.756 0.811 1.000 1.002 3.176 1.790 22386.5 51537.9 29 

NYSE.liffe 0.863 0.807 1.000 0.999 4.005 0.221 19962.4 32975.7 9 

Zhengzhou Commodity Exchange 0.794 0.795 1.005 1.004 5.668 0.140 42418.1 653.4 1 
Borsa Italiana (IDEM) 0.066 0.791 0.999 1.001 1.439 -0.408 9366.9 14744.2 2 

Mercado Mexicano de Derivados 0.910 0.783 1.000 1.001 -0.640 -0.786 826.8 4845.9 2 
Singapore Exchange (was SIMEX) 0.892 0.782 1.001 1.001 7.979 5.543 20928.7 54671.4 2 

Shanghai Futures Exchange 0.810 0.782 1.001 0.987 -4.696 11.389 1616.6 5043.9 3 

Bolsa de Mercadorias & Futuros 0.832 0.776 1.002 1.001 -4.130 3.072 30195.3 76819.0 5 
Chicago Mercantile Exchange 0.789 0.775 1.000 0.995 1.419 2.353 29501.5 73345.5 53 

Dalian Commodity Exchange 0.616 0.747 1.001 0.966 0.946 -1.259 9738.2 1189.4 3 

ICE Futures-US 0.715 0.724 0.989 0.986 0.744 6.733 2815.3 4582.6 15 
Multi Commodity Exchange of India 0.684 0.700 1.003 1.002 -1.089 0.431 184979.4 39664.6 5 

South African Futures Exchange 0.783 0.662 1.000 1.003 2.808 2.936 3641.7 6374.5 9 

Osaka Securities Exchange 0.969 0.639 1.002 1.001 11.714 -0.928 58698.0 71757.4 1 
Chicago Board of Trade 0.869 0.631 1.000 1.002 3.767 2.468 54196.3 70055.3 2 

Montreal Exchange 0.975 0.627 1.000 1.002 2.102 4.288 5858.4 12572.2 1 

Warsaw Stock Exchange 0.782 0.568 1.001 0.919 -3.510 -1.498 4730.0 11198.1 4 
Korea Exchange 0.908 0.511 1.002 0.976 -0.825 0.275 90664.4 233847.9 2 

Minneapolis Grain Exchange 0.906 0.377 1.012 0.987 -22.486 2.060 2105.8 1727.6 1 

.  
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Table 4.10: Comparing Market Efficiency between Pre-GFC and Post-GFC Periods by Regions 

All parameter estimations are performed using the inverted squared Daniel kernel weights across the time lags from 20 days to 6 days prior to the maturity of a contract. Confidence 

intervals are computed using 1000 bootstrapped samples within each region and sub period. Pre-GFC period is identified as the time period up to August 2008 from the starting date of 

each series listed in Appendix B. Post-GFC period is identified as the time period from September 2008 to December 2011. Results are ranked with respect to the descending order of the 

values of the efficiency index corresponding to Pre-GFC period. Kruskal Wallis Test is performed under the H0: all averages of the underlying parameter are equal across market sectors. 
** indicates the significance at 5% level. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Region 

𝑬𝑰𝐊  

(95% CI) 

Pre-GFC 

𝑬𝑰𝐊 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC K 

Asia 0.830 
(0.782,0.877) 

0.858 
(0.800,0.899) 

1.000 
(0.993,1.001) 

0.997 
(0.989,1.000) 

0.780 
(-0.700,2.563) 

5.106 
(2.252,7.545) 

41709.5 46399.7 51 

Europe 0.718 

(0.627,0.788) 

0.821 

(0.780,0.856) 

1.000 

(1.000,1.001) 

0.996 

(0.976,1.001) 

0.973 

(-0.360,2.094) 

3.055 

(1.712,5.536) 

14947.8 45044.3 54 

Latin America 0.854 

(0.698,0.964) 

0.778 

(0.653,0.873) 

1.001 

(1.000,1.004) 

1.001 

(1.000,1.002) 

-3.133 

(-11.469,0.340) 

1.970 

(-1.055,8.172) 

21804.3 56255.2 7 

US-Canadian 0.789 
(0.739,0.829) 

0.759 
(0.708,0.804) 

0.998 
(0.993,1.001) 

0.994 
(0.988,0.997) 

1.353 
(0.265,2.242) 

2.951 
(1.660,6.657) 

23479.3 54410.4 81 

Africa 0.783 

(0.568,0.885) 

0.662 

(0.402,0.831) 

1.000 

(0.999,1.001) 

1.003 

(1.001,1.004) 

2.808 

(-0.134,6.549) 

2.936 

(0.287,6.424) 

3641.7 6374.5 9 

Kruskal Wallis Test for average differences between sectors 

Test Statistics (𝜒2) 
(p-value) 

3.223 

(0.358) 

7.695 

(0.053) 

7.664 

(0.053) 

10.601** 

(0.014) 

5.729 

(0.126) 

3.457 

(0.326) 

9.169 a** 

(0.027) 

2.888 a 

(0.409) 

 

a. Natural log values of volumes are used to minimize the effect of extreme skewness in volumes.  
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In contrast, the risk premiums of currency and index futures do not indicate a 

significant change after the GFC. The average volumes in Table 4.8 also show a rapid 

increase in demand after the GFC in all market sectors. Moreover, Figure 4.5 illustrates 

the change in average daily volumes in each market sector using the results in Table 4.8. 

Due to the traditional belief that the commodities are the safe-havens during a financial 

turmoil period such as the GFC, it increases the pressure on hedging using commodity 

futures. Increasing hedging pressure on commodity futures leads to the increase of risk 

premiums (Bessembinder, 1992) and my results are consistent with this finding. 

Figure 4.5 illustrates the change in average daily volumes numerically presented in 

Table 4.8. It suggests that the average daily volumes have increased during the post-GFC 

period in all sectors except in precious metal markets where it has decreased. Noticeable 

growths in daily volumes can be seen in energy & fuel sector, and in index futures 

markets. Currency markets have also become relatively prevalent after the GFC. In 

general, it is a well-known fact that, the growth in volumes violates the fundamentals of 

supply-demand theory due to the entrance of financial investors to the commodity markets 

leading to an excessive speculation and hence increasing the price volatility and risk 

premiums. This increasing interest on investing in commodity markets is a popular 

phenomenon known as financialization of commodity futures (Falkowski, 2011; Fattouh 

et al., 2013; Irwin and Sanders, 2012; Silvennoinen and Thorp, 2013; Tang and Xiong, 

2012).  

 

Figure 4.5: Average Daily Volumes for Pre-GFC and Post GFC Periods by Sectors 

This figure illustrates average trading volumes in each market sector by sub periods motivated by the 

GFC. These results correspond to the ninth and tenth columns of Table 4.8.  
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As documented above, the trading volumes and risk premiums have shown 

deviations due to the GFC, but the results in Table 4.8 do not suggest any significant 

deviations in 𝛽1,𝑗. This implies that, the role of price discovery in futures has not been 

affected by the GFC for any of the market sectors so far. This result is also consistent with 

the insignificant differences in efficiency index values between pre- and post-GFC periods 

illustrated in Figure 4.3. 

 Impact of GFC on Futures Exchanges 4.4.2

Table 4.9 illustrates the impact of the GFC on futures exchanges using efficiency 

index values, parameter estimates �̂�1,𝑗, risk premiums, and trading volumes using the 

sample of 202 futures. Except the �̂�1,𝑗, all other characteristics appear to be different for 

the periods with mixed results. For example, some of the exchanges with low efficiency 

index values during the pre-GFC period have reached to a higher efficiency level in post-

GFC period and vice versa. A similar behaviour can also be seen in risk premiums and 

trading volumes as well. More specifically, Figure 4.6 graphically illustrates how the 

efficiencies of the exchanges are changes during pre- and post-GFC periods.  

 
 

Figure 4.6: Identifying Exchanges with Extreme Deviations in Efficiency Index Due to the GFC  

This figure illustrates post-GFC efficiency index values of each exchange against pre-GFC efficiency index values of the 

same exchange. Results correspond to the second and third columns of Table 4.9. Two dashed lines illustrate the 

reference lines corresponding to Borsa Italiana exchange’s efficiency index during the pre-GFC (vertical) and the post-

GFC (horizontal) periods. 
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The straight line [𝐸𝐼𝐾(𝑃𝑜𝑠𝑡𝐺𝐹𝐶) = 0.28 + 0.7𝐸𝐼𝐾(𝑃𝑟𝑒𝐺𝐹𝐶)] in Figure 4.6 represents the 

line of best fit between the pre- and post- GFC efficiency index values excluding those 

labelled exchanges which can be treated as outliers. For example, Borsa Italiana (market 

with two reference lines), Russian Trading System, ICE Futures-Europe, and Oslo Stock 

Exchange have significant rises in efficiencies during the post-GFC period. In contrast, 

Osaka Securities Exchange, Chicago Board of Trade, Montreal Exchange, Warsaw Stock 

Exchange, Korea Exchange, and Minneapolis Grain Exchange have significant falls in 

their efficiency indexes after the GFC. The estimated slope (0.7) of the fitted line indicates 

a general decline in efficiency on average due to the GFC. Similarly the average risk 

premiums are plotted in Figure 4.7 to investigate the impact of the GFC on exchange 

specific risk premiums.  

 
Figure 4.7: Identifying Exchanges with Extreme Deviations in Risk Premiums Due to the GFC  

This figure illustrates post-GFC average risk premium values of each exchange against pre-GFC average risk premium 

values of the same exchange. Results correspond to the sixth and seventh columns of Table 4.9.   

According to Figure 4.7, majority of extreme shifts in the risk premiums are due to 

rises rather than falls from pre-GFC to post-GFC period. For example, Oslo Stock 

Exchange and ICE Futures-Europe indicate their extreme movements to positive high 

values of risk premiums (37.5% and 19.9% respectively) while the Minneapolis Grain 

Exchange shows its movement from highly negative risk premium (-22.5%) towards a 

positive figure (2.06%). The slope (1.3) of the fitted line 
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[𝜋(𝑃𝑜𝑠𝑡𝐺𝐹𝐶) = 1.2 + 1.3𝜋(𝑃𝑟𝑒𝐺𝐹𝐶)] indicates that there is an increase in risk premiums 

after the GFC on average.  

The average daily volumes are also analysed graphically in Figure 4.8 using the 

results in Table 4.9. Results reveal that the Russian Trading system has a significant rise in 

daily volumes after the GFC unlike other exchanges. In contrast, Zhengzhou Commodity 

Exchange and Multi Commodity Exchange of India had declines in their daily volumes 

after the GFC. On average, all other exchanges have positive trends where the average 

daily volumes have been doubled after the GFC according to the fitted line 

[𝑉𝑜𝑙(𝑃𝑜𝑠𝑡_𝐺𝐹𝐶) = 2.1𝑉𝑜𝑙(𝑃𝑟𝑒_𝐺𝐹𝐶)].  

 

Figure 4.8: Identifying Exchanges with Extreme Deviations in Daily Volumes due to the GFC  

This figure illustrates post-GFC average daily volumes of each exchange against pre-GFC average daily volumes of the 

same exchange. Results correspond to the eighth and ninth columns of Table 4.9.   

 

 Impact of GFC on Regions 4.4.3

Impact of the GFC on different regions of the world is investigated using Table 

4.10 where the Kruskal Wallis tests are carries on each parameter to test for the significant 

differences across the regions. In general, the differences, of the parameter values during 

pre- or post-GFC periods are not significant except in two cases namely, �̂�1,𝑗 in post-GFC 

period, and the average daily volumes in pre-GFC period. The descriptive statistics in 
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Table 4.10 indicate that Asian region’s average degree of market efficiency stays on the 

top of others while the African region is at the bottom according to post-GFC efficiency 

ranking. As far as risk premiums are concerned, Asian (0.8% to 5.1%), European (1% to 

3.1%), and Latin American (-3.1% to 2%) market sectors show foremost increments 

compared to the other sectors. Risk premiums in US-Canadian regional markets have been 

nearly doubled (1.4% to 2.9%) after the GFC. Average trading volumes have also been at 

least doubled after the GFC in all regions except in Asia. 

4.5 Key Findings on Market Efficiency and Risk Premiums 

Collectively, the proposed market efficiency index in this chapter and the risk 

premiums estimated using the method proposed in chapter 3 allow me to empirically 

analyse a wide sample of futures extensively compared to previous studies. Some of the 

important findings in my analysis about worldwide futures markets are summarized 

below.  

 Market sector as a key factor  

Results demonstrated in section 4.3.3 reveal that market sector is one of the key 

factors of the variations especially in risk premiums of futures. It is a well-known 

fact that, a higher hedging pressure leads to a high risk premium (Bessembinder, 

1992; Hicks, 1939; Keynes, 1930), more specifically it leads to a positive and 

significant risk premium (Basu and Miffre, 2013). Speculators prefer futures with 

high risk premiums as they are rewarded for bearing the price risk. Findings in this 

chapter reveal that futures markets have a potential of paying a high risk premiums 

especially during financially vulnerable periods. Findings in this chapter help both 

speculators and hedgers to make their choice based on the sizes of risk premiums and 

the levels of market efficiencies among different market sectors.  

  

 Futures Exchanges and Region as a minor factors 

The empirical results also discover that non-US based exchanges are prone to be 

efficient in prices than those in the US and Canadian exchanges. This may be due to 

the increasing trend of investment in emerging markets such as Asia and Africa 

compared to those matured US markets (globalization of investments). This is also 

evident from Acworth (2012) when the compared growth rates of futures 

investments at US based exchanges against Asian and other regional exchanges. He 
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reports that, by 2011, two third of the industry’s total volume is traded on outside the 

US. Furthermore, annual volume statistics in Acworth (2012) show rapid growth 

rates during 2010 to 2011 period in exchanges such as Taiwan Futures Exchange 

(30.9%), National Stock Exchange of India (36.2%), and Russian Trading Systems 

(73.5%). Consistently, these results indicate that emerging markets have the potential 

of being more efficient and/or pay attractive premiums than the matured markets. 

 

 GFC in 2008 has made swings in futures trading  

GFC in 2008 has caused major regime shifts in most of the markets. For example, 

Silvennoinen and Thorp (2013) show that correlations among oil and equity market 

have increased due to the GFC. Chapter 5 of this thesis also provides supportive 

evidences for increasing correlations and information flows across futures markets 

during the GFC. Empirical investigation in this chapter suggests that, risk premiums 

have increased and shifted to positive states (if they were negative prior the GFC) 

after the GFC. Such collaborative movements in risk premiums justify the above 

mentioned proposition of increasing integration and information sharing across 

futures markets. Pederzoli and Torricelli (2013) and Westerlund and Narayan (2013) 

document that virtually, there is no significant impact from the GFC on market 

efficiency of commodity futures. Results in this chapter also reveal that the 

efficiency has not changed in futures markets significantly due to the GFC except for 

some minor deviations.  

As suggested by Allen et al. (2012) the regulators need to pay more attention 

to the architecture of a financial system to make it safer in face of a crisis. They 

argue that regulation should not be limited to banking systems, but also should be 

extended to the stock markets due to major developments in stock markets after a 

crisis. After the GFC in 2008, commodity prices began to recover partially during 

the mid of 2009 while the global economy was still in recession. A high price 

volatility was resurfaced in 2010 and a fear of another global food crisis started 

looming again in 2011 (Nissanke, 2012). Rapid growth in volumes after the GFC is 

also questionable, especially in commodities, whether it is really due to the 

increasing production/consumption or merely due to the financialization. For 

example, Silvennoinen and Thorp (2013) document that because of the increasing 

volumes in exchange traded derivatives, the demand for many commodities has 

increased by 20-30 times the physical production over the past decade. Such 
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artificially created excess demands indicate the use of commodities by the hedgers 

and speculators as financial instruments makes the commodity prices more volatile 

than they used to be. This leads to a negative impact on the actual participants 

(producers and consumers) of those commodities. Extensive discussion on this issue 

can further be found in Tang and Xiong (2012). Supportive empirical evidence for 

the evolving associations between commodity futures and non-commodity futures 

can be found in chapter 5 and 6 of this thesis.     

4.6 Summary 

This chapter contributes to the existing literature by introducing an efficiency 

index for futures markets which is based on a new efficiency test of rational expectation 

hypothesis in futures that is proposed in chapter 3. The proposed efficiency index accounts 

for information on price efficiency corresponding to a series of time lags prior to the 

contract maturity instead of a single time point considered in conventional efficiency 

testing. The information content at each time lag is weighted using a kernel based 

weighting scheme which is a decreasing function towards the maturity. This weighting 

scheme overcomes any potential biases because of the theoretical convergence of futures 

prices to its spot price at maturity. The proposed efficiency index allows us to measure the 

degree of efficiency and the associated risk premiums of futures markets simultaneously 

for the first time in the futures market literature to the best of my knowledge. The 

proposed efficiency index is the first of this kind in the literature which is capable of 

quantifying the degree of efficiency of a futures market in numerical terms. Empirical 

investigation of this chapter is based on a comprehensive cross sectional sample of 202 

futures representing six market sectors. The dataset covers a time period from year 2000 to 

2011. Results are compared by the market sectors, futures exchanges, and regions where 

exchanges are located. Moreover, I consider the GFC in 2008 as a major event within the 

sample period and investigate the effect of the GFC by considering two sub samples 

namely, pre- and post-GFC periods. 

Findings are summarized into three main key points for the consideration by the 

policy makers and market participants. I identify market sectors as a key factor, exchanges 

and regions as minor factors that make the efficiency and risk premiums to vary across. 

The impact of the GFC on the risk premiums is significant, but not on the market 

efficiency. A major shift in the risk premiums towards a positive status can be observed 
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after the GFC possibly due to the increasing hedging pressure. Futures exchanges deliver 

mixed results corresponding to their efficiencies and risk premiums. Efficiencies in many 

of the emerging markets seem to be leading compared to US based matured markets. 

Several exchanges are identified with significant shifts in efficiencies and risk premiums 

after the GFC. In addition to the change in risk premiums, rapid growths in trading 

volumes are also identified after the GFC which provide possible evidence for observed 

rises in risk premiums.   
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  CHAPTER 5

COMMONALITY OF FUTURES RETURNS:  

A NOVEL MARKET INDEX 

5.1 Introduction 

Market fundamentals, market efficiency and risk premiums of futures have been 

discussed in previous chapters so far. More specifically, I document in chapter 4 that the 

degree of efficiency of futures varies across market sectors. Findings of chapter 4 

highlight the fact that futures prices may not “fully” reflect the available information in a 

market but may reflect “partially”. This leads us to the question: to what extent futures 

price of an asset is driven by global macroeconomic forces external to the underlying 

asset? Or, on the other hand, to what extent futures prices are asset specific? In this 

chapter, I use futures daily returns to answer these questions using a novel perspective in 

futures markets. First, I examine the commonality in futures market returns to identify the 

possible existence of common factors driven by global macroeconomic forces. Second, I 

compute corresponding values of such common factors and use them to examine futures 

market fundamentals. The common market factors in this chapter are computed by 

modifying the factor model proposed by Stock and Watson (2002b) to futures market and 

therefore the interpretations of the proposed factors are in line with Stock and Watson 

(2002b).  

The idea of developing common factors to explain underlying information 

common to a market sector corresponds to the classic approach of measuring common 

business cycles in macroeconomic variables developed by Bums and Mitchell (1947). 

Sargent and Sims (1977) document that standard factor analysis models can be used to 

measure such common business cycle variables which are unobservable. Different 

versions of their model have been used by researchers to study dynamic covariation 

among sets of variables such as in Geweke (1977), Singleton (1980), Engle and Watson 

(1981), Stock and Watson (1989), Forni and Reichlin (1996), (1998), Stock and Watson 

(2002a), (2002b), Doz et al. (2011), Kim and Swanson (2014). Apart from the 

macroeconomic applications, common factor models are also used to study the 

commonality in sovereign CDS and stock markets by Longstaff et al. (2011). Applications 
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of common factor models in stock and bond markets can also be found in Bai and Ng 

(2002), Ludvigson and Ng (2009), and Dovonon (2013). 

 The rising amount of cross-asset active investments has made researchers to 

question about information linkages between financial markets. In this context, 

investments on futures may provide the participants the ability to speculate and hedge 

more effectively. The futures contracts are now widely exposed globally due to the 

electronic trading systems instead of the traditional over-the-counter trading. As a result, 

futures markets tend to interact with other financial markets and economic conditions 

without just limiting to relationships with their own spot markets (Chan et al., 2011; 

Chong and Miffre, 2010; Dungey and Hvozdyk, 2012; Elder et al., 2012; Gao and Liu, 

2014; Gorton and Rouwenhorst, 2006).  

Researchers have already investigated linkages between futures markets, and their 

studies are mostly confined to using either prices or returns of individual contracts. The 

futures prices, especially in the case of physical assets like commodities, may carry very 

useful information that is driven by global macroeconomic factors related to the 

underlying common market sector that the corresponding contract belongs to. In addition, 

futures prices may also have an idiosyncratic component (transitory component) which 

represents the characteristics that are specific to the delivery location, perishability of the 

commodity, warehouse and shipping costs, seasonal effects of a commodity (Baillie et al., 

2002), etc. Location specific characteristics may be relevant to the financial futures such 

as equity index, currency and bond futures as well. This idiosyncratic component in prices 

does not make a permanent effect on prices. However, the existence of such idiosyncratic 

behaviours may influence the investigation processes of the statistical relationships 

between market sectors due to the significant amount of noise in the underlying 

econometric models. In contrary to these studies, this thesis uses an index common to a 

market instead of individual futures prices or returns in investigating the linkages between 

futures market sectors. 

Considering these limitations in existing literature, I introduce a new common 

factor to futures returns which is in line with Stock and Watson (2002b), but modified as 

follows to suit the underlying market conditions. To the best of my knowledge, there is no 

such previous work done on common factors in futures markets that I am going to 

introduce in this chapter. It should be noted that, the existing literature such as Stock and 
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Watson (2002b) assumes a homoscedastic behaviour in variables when deriving common 

factors which is not appropriate in financial series, especially with high frequency data. 

Motivated by these gaps in the literature, I modify the Stock and Watson (2002b) common 

factor time series model to compute conditionally heteroscedastic principle component 

factors which I call in this thesis as conditionally heteroscedastic common factors (CHCF). 

I use these CHCFs 1) to examine the commonality in daily returns of futures contracts 

worldwide, 2) to demonstrate the stochastic fundamentals of the underlying market sector 

common factors, and 3) to investigate the contemporaneous relationships among futures 

markets.      

I use a cross sectional sample of 179 futures representing six market sectors 

namely, energy & fuels (8), industrial materials (8), precious metals (10), agricultural and 

livestock (55), index futures (70), and currency futures (38) traded on various futures 

exchanges worldwide during the period from 2005 to 2011
32

. The numbers in the 

parentheses represent the number of futures selected in the sample from the underlying 

market sector. My analysis in this chapter also investigates the impacts due to the two 

major financial crisis during 2005 to 2011 namely, 1) Global financial crisis from 

December 2007 to June 2009
33

 (GFC), and 2) Eurozone crisis (EUC) staring from April 

2010 and continue through the end of my sample period, December 2011
34

. 

Findings in this chapter reveal substantial evidence for the existence of a time-

varying sector specific commonality in futures contracts. I document that all futures 

market returns are mostly positively correlated with each other and those correlation 

dynamics vary over the time. Short-term impacts are evident due to the GFC and EUC on 

commonality, volatility and correlations.  

                                                 
32 The main reason behind reducing the sample size from 202 (in chapter 4) to 179 is the level of contribution of each 

contract to an extracted factor. First, I extracted a single factor for each market sector using the traditional principle 

component approach and then those factors whose factor loadings are below 0.15 were eliminated. This was done 

simply to make the computations easy (without affecting the accuracy). Thus the sample of 179 contracts selected 

consists of all futures with the associated factor loadings above 0.15 within the market sector. For example, the single 

factor extracted from 55 contracts in the Agricultural futures had an explained variation of 20.4%. Out of these 55 

contracts, 15 contracts had loading values less than 0.15. After removing these 15 contracts the explained variation of 

the single factor went up to 27.7%. The cut-off point 0.15 is is an arbitrary value selected in order to maintain an 

adequate sample size in constructing the CHCF. Due to the necessity of the availability of daily data for all series 

during a common time frame the time period is preferred as 2005-2011 in this chapter.  
33 According to the National Bureau of Economic Research business cycle dates are available at 

http://www.nber.org/cycles/cyclesmain.html. 
34 The International Monitory Fund reports in their Global Financial Stability Report 2012 that the foreign banks have 

been divesting from sovereign debt of the Eurozone area since 2010, starting from Greece 2010:Q1, followed by 

Portugal, Italy, Ireland and Spain during the remaining quarters of 2010. I consider the earliest date of these events 

which is 2010:Q1 as the starting point of the Eurozone crisis which has not ended in December 2011. 
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5.2 Conditionally Heteroscedastic Common Factor (CHCF) 

In this section, I demonstrate the steps involved in computing the proposed 

conditionally heteroscedastic common factors for futures markets. The proposed CHCF is 

constructed using daily log returns
35

 of a selected group of futures contracts. These 

CHCFs explain the common force that underlies the dynamic evolution of futures returns. 

Thus, the proposed indexes can be used to investigate the market fundamentals such as 

common global risk factors associated with futures returns, correlations between futures 

markets, and information spillovers across different markets. Unlike the conventional 

value-weighted market indexes such as S&P-GSCI or Centre for Research in Security 

Prices (CRSP) index, the proposed CHCF provides a series which contains information 

solely common to all return series in a particular market avoiding possible biases due to 

averaging. Computation of the proposed CHCF is mainly based on the correlations 

between futures returns. The underlying methodology is illustrated below. 

Let 𝐹(𝑡) be the time series vector of N number of daily log futures returns where 

𝑡 = 1,2, … , 𝑇. Therefore the dimension of 𝐹(𝑡) at a particular time t is (1 × 𝑁). Assuming 

a zero mean on daily returns
36

, I express a common factor model 𝐹(𝑡) for a futures market 

as in equation (5.1) which is consistent with Stock and Watson (2002b) among others. 

𝐹(𝑡) = 𝑀(𝑡)Λ′ + 𝑒(𝑡) (5.1) 

Here, 𝑀(𝑡) represents (1 × 𝑟) row vector of 𝑟 common factors at time t while Λ is the 

factor loading matrix of dimension (𝑁 × 𝑟). Moreover, 𝑒(𝑡) is a (1 × 𝑁) vector of 

disturbances corresponding to time t. For principle component factors, the loading matrix 

Λ should obey the rule 
Λ′Λ

𝑁
= 𝐼𝑟 where 𝐼𝑟 is an identity matrix of dimension r. A major 

assumption
37

 on the model in (5.1) is 𝑣𝑎𝑟[𝑀(𝑡)] = 𝑅 which is a constant over the time. It 

should be noted that, in general principle component theory, 𝑅 is an 𝑟 × 𝑟 diagonal matrix 

with constant variances 𝜎11
2 > 𝜎22

2 > ⋯ > 𝜎𝑟𝑟
2  explained by the elements of 𝑀(𝑡).  

In equation 5.1, I basically decompose the futures returns 𝐹(𝑡) into its common 

market [𝑀(𝑡)Λ′] and idiosyncratic [𝑒(𝑡)] components. The objective of the model in (5.1) 

is to extract a single common factor (𝑟 = 1) which could represent N number of futures 

                                                 
35 I use returns instead of prices due to the necessity of stationary series in constructing principle component factor 

models.  
36 If this assumption is not valid, I normalize daily returns by subtracting the unconditional mean. 
37 A detailed discussion of assumptions on these factors and factor loadings are available in Stock and Watson (2002). 
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return series with the maximum variation (𝜎11
2 ). Thus 𝑀(𝑡) in (5.1) represents the 

common component of the market-specific variations which is derived from a market with 

N futures returns. Accordingly, 𝑒(𝑡) in (5.1) corresponds to the idiosyncratic variations in 

each return series of the market.  

By extending the work of Stock and Watson (2002b), I intend to relax the constant 

variance assumption (𝑅) into a conditionally heteroscedastic variance specification 𝑅(𝑡) as 

follows which is consistent with Doz and Renault (2006), and Dovonon (2013)
38

. By 

letting 𝑣𝑎𝑟[𝐹(𝑡)|Φ(𝑡 − 1)] = Σ(𝑡) where Φ(𝑡 − 1) is the information set at time 𝑡 − 1, 

and using the dynamic conditional correlation (DCC-GARCH) specification in Engle 

(2002), I have 

Σ(𝑡) = 𝐷(𝑡)𝑄(𝑡)𝐷(𝑡)  (5.2) 

such that 𝐷(𝑡) = 𝑑𝑖𝑎𝑔{√𝑠𝑖(𝑡)} where 𝑠𝑖(𝑡) = 𝑣𝑎𝑟[𝐹𝑖(𝑡)|Φ(𝑡 − 1)] and 𝑖 = 1,2, …𝑁. 39 

Here, 𝑄(𝑡) is the correlation matrix containing conditional correlations of 𝐹(𝑡) at time 𝑡. 

By adopting the classical theory of principle components on (5.1) and (5.2) conditionally 

on time 𝑡, I can show that
40

  

Σ(𝑡) = Λ(𝑡)𝑅(𝑡)Λ′(t) + Ω(𝑡) (5.3) 

where Ω(𝑡) is the conditional covariance matrix of the idiosyncratic shocks 𝑒(𝑡). In the 

classical literature on strict factor structures, Ω(𝑡) is assumed to be diagonal (Diebold and 

Nerlove (1989), King et al. (1994), Fiorentini et al. (2004)). More generally, Stock and 

Watson (2002a) , Doz and Renault (2006) and many others call the factor model in (5.1) 

as an approximate one due to the existence of correlations among idiosyncratic shocks. 

Furthermore, as a result of the extensions in (5.2) and (5.3), the principle component factor 

loading (Λ) in (5.1) becomes time-varying [Λ(t)] while satisfying the condition 

 
Λ′(𝑡)Λ(𝑡)

𝑁
= 1 conditionally at time t for a single factor (r = 1) due to the heteroskedastic 

                                                 
38 An attempt of estimating heteroskedastic principle component factors can be found in Doz and Renault (2006) and 

Dovonon (2013) which uses a Square-Root Stochastic Auto Regressive Volatility (SR-SARV) model. In contrast, I 

prefer dynamic conditional correlation model (DCC-GARCH) here as it considers both variance and covariance 

conditionally time-varying where SR-SARV model considers only the time-varying aspects of variances. However, 

Dovonon (2006) incorporates skewness and leverage effects on extracted factors which are not considered in our 

model. 
39 See Engle (2002) for the specification and estimation of the DCC-GARCH model. Here, I use the estimated 

conditional covariance matrices corresponding to DCC-GARCH(1,1) model.  
40 In principle component estimation, if 𝐹 = 𝑀Λ′ + 𝑒 then, 𝑉𝑎𝑟(𝑀) = Λ𝑉𝑎𝑟(𝑀)Λ′ + 𝑉𝑎𝑟(𝑒) assuming 𝐶𝑜𝑣(𝑀, 𝑒) = 0. 

So that Σ = Λ𝑅Λ′ + Ω. Instead of performing the overall estimation of 𝑀 at once considering Σ as time-invariant, I 

perform the principle component estimation repeatedly at each time point [𝑀(𝑡)] using conditional estimates of Σ(𝑡). 
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covariance structure [Σ(𝑡)] in (5.2). This approach enables us to adjust 𝑀(𝑡) to represent 

the conditional heteroskedasticity proposed in 𝐹(𝑡). Moreover, the percentage of variation 

in 𝐹(𝑡) explained by the extracted principle component factor 𝑀(𝑡) also becomes time-

varying due to dynamic factor loading structure in Λ(𝑡)41
. Thus, I can compute the 

percentage of variation at time t [𝐸𝑉(𝑡)] explained by the extracted single common factor 

𝑀(𝑡) as in the equation (5.4). 

𝐸𝑉(𝑡) =
𝜎11
2 (𝑡)

𝑇𝑟𝑎𝑐𝑒(𝑅(𝑡))
× 100% (5.4) 

More importantly, 𝐸𝑉(𝑡) which is computed daily basis is capable of indicating the level 

of commonality among the selected set of return series (Longstaff et al., 2011). That is, 

higher the value observed for 𝐸𝑉(𝑡), stronger the representation of the market by the 

extracted common factor, 𝑀(𝑡). 

Considering the information diffusion role of the common factor 𝑀(𝑡) introduced here 

together with its heteroscedastic nature, I document the new factor 𝑀(𝑡) as a conditionally 

heteroskedastic common factor (CHCF) for a futures market. A CHCF index computed for 

a particular market will basically represent the fluctuations common to that particular 

market. Since CHCF is based on the returns subject to the underlying conditional 

correlations, a CHCF is capable of reflecting information related to changes not only in 

mean returns but also in volatility and correlations among the returns.  

5.3 Computation of the CHCF and Investigating its Fundamentals 

My first attempt was to extract a composite CHCF to represent the entire futures 

market covering all sectors. Following the proposed method in section 5.2, I computed the 

average percentage of variation explained by the composite CHCF and found that it could 

explain only 31.2% of the total variations of returns of the 179 futures contracts 

considered. Moreover, according to the estimated loading coefficient values, I observed 

that the composite CHCF mostly explains the variations in index and currency futures 

returns. Therefore, it is evident that the attempt of deriving a composite market CHCF for 

                                                 
41 In principle component factors, factor loadings are the Eigen vectors of the covariance matrix (Σ) of the observed 

variables 𝐹. Thus the explained variances by each factor correspond to the set of Eigen values of the covariance matrix 

(Σ). Therefore, the proposed estimation of the factor loadings leads explained variation also to be time-varying. 
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the entire futures market is not feasible. However, further results
42

 of this preliminary 

analysis indicated that the computation of market specific CHCFs is feasible. 

Then, I compute CHCFs for each market sector namely, 1) energy & fuel, 2) 

industrial materials, 3) precious metals 4) agricultural & livestock, 5) index futures, and 6) 

currency market in sections 5.3.1-5.3.8. Here, I subdivide the agricultural & livestock 

sector into three sub-sectors namely i) grains & oilseeds (27), ii) livestock & forest (6), 

and iii) softs & spices (12). This is mainly due to the lack of integrity in prices when the 

agricultural & livestock is considered as a single sector.
43

 I investigate properties of 

computed CHCF for each market sector separately in order to investigate the 

fundamentals. I examine characteristics such as the correlations corresponding to each 

futures return series with its market sector CHCF, percentage of variation explained by 

each CHCF [𝐸𝑉(𝑡)], time series properties in CHCF values, and the behaviour of 

cumulative CHCF values. Correlations of the CHCF with underlying return series are also 

computed to examine the contribution from each return series to the CHCF. Conventional 

comparison of factor loadings cannot be considered for this purpose as those loading 

coefficients [Λ(𝑡)] are time-varying according to the method proposed in section 5.2. The 

percentage of variation explained by the CHCF is used to investigate the commonality in 

futures returns corresponding to a market sector. Since CHCF represents the common 

behaviour corresponding to market returns, I use the series of cumulative CHCF values as 

an indicator for the common movement in market prices.  

Daily returns corresponding to the 179 futures selected in this analysis represent 

regions such as US and Canada, Latin America, Europe, Africa, and Asia (including 

Australia). In order to overcome the differences in time zones corresponding to these 

regions, I realigned the dataset by combining data of African and Asian regions at time 

point 𝑡 with data of other regions at time point 𝑡 − 1. This is due to the reason that the 

exchanges in the east side of the world start trading earlier than those in the middle and the 

west regions (Xu and Fung, 2005).
44

  Sections 5.3.1 to 5.3.8 demonstrate corresponding 

results of each market sector CHCF. 

                                                 
42 These preliminary results are not reported here to conserve the space. 
43 Initial investigation is carried out by considering agricultural and livestock sector as a single market. However, the 

amount of explained variation of the derived CHCF is not adequate enough to represent the overall market. Therefore I 

use sub groups in line with categories of listed contracts in popular exchanges such as CME.   
44 Existence of nonsynchronous data may cause spurious correlations (Campbell, Lo and MacKinlay, 1997). For 

example, the Japanese market on day t closes before the U.S. market on day t (even before the U.S. market open on 

day t), so it can affect the U.S. market on the same day. U.S. futures prices cannot affect Japanese market quotes on the 
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 Energy & Fuels Sector CHCF 5.3.1

Table 5.1 presents the list of futures in the energy & fuel sector and their 

correlation of returns with the CHCF corresponding to the energy & fuel sector. 

Stationarity and conditional heteroscadesicity in each futures return series are also tested 

in Table 5.1. It is evident from the descriptive statistics in Table 5.1 that Natural Gas has a 

negative mean return (-0.0004) and high volatility (0.0011) compared to other futures in 

this sector. All other mean returns are positive and volatilities are relatively low. 

Furthermore, the correlation (0.4164) of natural gas futures returns with the market sector 

CHCF is the lowest. These results imply that the natural gas futures returns deviate from 

the common behaviour of other futures in the market sector. Moreover, all return series are 

stationary significantly which fulfils the fundamental requirement for the computation of 

the CHCF. Also, all return series are significantly heteroscedastic in general. This justifies 

our heteroscedasticity assumption in constructing the CHCFs. Furthermore, Figure 5.1 

illustrates the pattern that percentage of variation explained by the derived CHCF for 

energy & fuels sector. 

Table 5.1: Contribution of Energy & Fuels Sector Futures on its CHCF 

This table summarizes the contribution of sample of energy and fuel futures on its market sector CHCF. Means and variances of 

daily returns during 1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity 
test for daily returns using ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for 

heteroskedesticity under the null hypothesis of homoskedesticity. The last column indicates the correlation between each futures 

return series with the derived sector specific CHCF. Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 
1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 

of Returns 

ADF Test for 

Unit Root of 

Returns 

Test for 

ARCH Effect 

Correlation 

with CHCF 

Light Sweet Crude 

Oil (WTI) 

Chicago Mercantile 

Exchange 

0.0004 0.0006 -18.0437*** 395.0325*** 0.8620*** 

Natural Gas (Henry 
Hub) 

Chicago Mercantile 
Exchange 

-0.0004 0.0011 -18.7821*** 53.1599*** 0.4164*** 

Heating Oil Chicago Mercantile 

Exchange 

0.0005 0.0005 -17.5141*** 176.1876*** 0.8888*** 

ICE Brent Crude  ICE Futures-Europe 0.0005 0.0005 -17.3846*** 426.2109*** 0.8967*** 

ICE Gasoil  ICE Futures-Europe 0.0005 0.0004 -17.0456*** 130.0053*** 0.6651*** 

Gasoline Tokyo Commodity 
Exchange 

0.0005 0.0004 -17.1578*** 40.7360*** 0.6510*** 

Kerosene Tokyo Commodity 

Exchange 

0.0005 0.0004 -15.7840*** 132.1428*** 0.6874*** 

Crude Oil Tokyo Commodity 

Exchange 

0.0006 0.0003 -16.1775*** 47.5621*** 0.6537*** 

                                                                                                                                                   
same day t, but they can affect the Japanese market quote on day t + 1. As a remedy I realign the leading markets one 

day backward to minimize this impact. However, I am aware that my approach will not overcome the issue entirely 

and therefore, my findings are subject to this limitation. I intend to discover an alternative approach to address this 

issue as a future research. 
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Figure 5.1: Percentage of Variation (%) Explained by CHCF: Energy & Fuels Sector 

This figure illustrates the percentage variation 𝐸𝑉(𝑡) explained by CHCF on energy & fuel sector from the total 

variation of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone 

crisis (EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period. 

According to Figure 5.1, relatively, the percentage of variation [𝐸𝑉(𝑡)] explained 

by the CHCF on energy & fuel sector has increased during both GFC and the EUC. CHCF 

explains variance within a range from 40.6% to 70.3% during 2005 to 2011 time period 

with a median of 55.7%. The ranges of 𝐸𝑉(𝑡) computed for sub-periods in Figure 5.1 

indicate an upward trend of the commonality in long run. This implies that the 

commonality in futures returns within the energy & fuels market sector varies over the 

time. More importantly, Figure 5.1 indicates that the degree of commonality temporary 

increases during crisis periods implying that futures returns may be much more influenced 

by the global macroeconomic factors during financial turmoil.  

In addition to 𝐸𝑉(𝑡), Figure 5.2A illustrates daily values of energy & fuels 

market’s CHCF while Figure 5.2B illustrates its cumulative values across the time. It is 

evident from Figure 5.2A that the market volatility in energy and futures sector has 

increased during the GFC. During the same period, the cumulative CHCF in Figure 5.2B 

has reached to its peak and dropped to its lowest value during 2005-2011 indicating the 

evidence of well-known market boom and bust in energy & fuels prices during the GFC. 

On the other hand, EUC period does not indicate a major influence on the energy & fuels 

market.  
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A: Daily CHCF Values 

 
 

B: Cumulative CHCF Values 

Figure 5.2: Energy & Fuels Sector CHCF 

These figures illustrate daily values and cumulative values of energy & fuels sector CHCF in (A) and (B) respectively. 

Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 2010/04/01 onwards 

respectively.  

 Industrial Materials Sector CHCF 5.3.2

 Table 5.2 presents the list of futures with their contribution on the CHCF. 

According to the correlations, rubber futures contributes to the least on its market sector 

CHCF with the lowest correlation of 0.3312 in Table 5.2. Thus the industrial materials 

sector CHCF is dominated by the metal markets. More specifically, copper futures returns 

seem to be the dominating factor in industrial materials sector CHCF due to the top most 

correlations recorded by the contracts traded on London Metal Exchange (0.92) and the 

CME (0.88). 
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Table 5.2: Contribution of Industrial Materials Sector Futures on its CHCF 

This table summarizes the contribution of sample of industrial materials futures on its market sector CHCF. Means and variances of 
daily returns during 1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity test 

for daily returns using ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for heteroskedesticity 

under the null hypothesis of homoskedesticity. The last column indicates the correlation between each futures return series with the 
derived sector specific CHCF. Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 

of Returns 

ADF Test for 

Unit Root of 

Returns 

Test for 

ARCH Effect 

Correlation 

with CHCF 

Copper Cathode Shanghai Futures Exchange 0.0005 0.0003 -16.0879*** 236.5594***   0.7237*** 

Aluminium Shanghai Futures Exchange 0.0002 0.0001 -16.9246*** 292.3297***   0.5450*** 

Copper Chicago Mercantile Exchange 0.0005 0.0005 -17.1876*** 298.9270***   0.8803*** 
Aluminium London Metal Exchange 0.0001 0.0003 -17.5399***  63.5812***   0.7894*** 

Aluminium Alloy London Metal Exchange 0.0001 0.0003 -16.2467*** 212.8315***   0.6698*** 

Copper London Metal Exchange 0.0005 0.0005 -17.0898*** 298.4897***   0.9183*** 
Zinc London Metal Exchange 0.0002 0.0008 -18.7019*** 398.6048***   0.7997*** 

Rubber Tokyo Commodity Exchange 0.0006 0.0006 -17.3220***  33.9876***   0.3312*** 

All futures in Table 5.2 indicate average positive returns implying a possible existence of 

long-run profitability in metal futures in general. Volatility of Zinc futures returns 

(0.0008) appears to be high compared to other markets indicating relatively higher level of 

risk on the investments in Zinc futures. On the other hand, the lowest risk on investments 

can be observed in Aluminium futures returns due to its lowest volatility (0.0001). 

Moreover, all return series in Table 5.2 are significantly stationary and heteroscedastic. 

This result supports the underlying conditions of stationarity and heteroscedasticity of 

returns for the construction of the CHCF for the industrial materials sector. The percentage 

of variation explained by the industrial materials sector CHCF [𝐸𝑉(𝑡)] is illustrated in 

Figure 5.3 in order to examine the commonality in futures returns in Table 5.2. 

 

Figure 5.3: Percentage of Variation (%) Explained by CHCF: Industrial Materials Sector  

This figure illustrates the percentage variation EV(t) explained by CHCF on industrial materials sector from the total 

variation of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone 

crisis (EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period.   
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According to Figure 5.3, the 𝐸𝑉(𝑡) by the industrial materials sector CHCF is not 

affected by the GFC. However, a bubble in explained variation can be observed during 

mid-2006 indicating the effect of booming metal prices in 2006 (IMF, 2006) on the 

commonality in futures returns. More importantly, the commonality in industrial materials 

sector futures returns has been trending upwards after this economic cycle in 2006. 

Moreover, during the last segment of the EUC, a rapid growth in the commonality can 

again be observed in industrial materials futures returns. The total variation explained by 

the industrial materials CHCF varies from 47.2% to 63% during 2005 to 2011 time period 

with a median of 57.6% indicating a significant time-varying effect in commonality. 

Moreover, lower and upper limits of 𝐸𝑉(𝑡) in each sub-periods illustrated in Figure 5.3 

indicates that the commonality in industrial materials sector futures returns varies severely 

during the pre-GFC period especially during the mid-2006 time period. The time series of 

industrial materials market’s CHCF value and its cumulative values are illustrated in 

Figure 5.4A and 5.4B respectively. 

It is evident from Figure 5.4A that the market volatility of industrial materials 

sector has increased during the GFC. During the same period, the cumulative CHCF in 

Figure 5.4B has dropped to its lowest value and recovered back soon after the GFC. 

Unlike the energy & fuel market in Figure 5.2B, industrial material market in Figure 5.4B 

does not indicate a boom in prices during the GFC, but in advanced to the GFC which 

during the mid-2006. Simultaneously, volatility increment can be observed in Figure 5.4A 

during mid-2006. Therefore, the GFC has caused the industrial materials sector only to 

drop the prices down which rose during mid-2006. On the other hand, the EUC has 

affected this sector to raise the market prices temporarily. 
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B: Cumulative CHCF Values 

Figure 5.4: Industrial Materials Sector CHCF 

These figures illustrate daily values and cumulative values of industrial materials sector CHCF in (A) and (B) 

respectively. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 

2010/04/01 onwards respectively.  

 Precious Metals Sector CHCF 5.3.3

Table 5.3 presents the list of precious metals futures and their correlation with the 

derived CHCF for the precious metals sector. Futures traded on Multi Commodity 

Exchange indicate lower correlations to the precious metals market sector CHCF in Table 

5.2. On the other hand, return series corresponding to the Tokyo Commodity Exchange 

indicate high correlations compared to other exchanges. This implies that the CHCF of the 

precious metals market is mainly influenced by the market fluctuations in Tokyo 

Commodity Exchange. Descriptive statistics reveal that the minimum average return 

(0.0002) is recorded by the platinum futures traded on Tokyo Commodity Exchange 

indicating the lowest profitability from platinum futures. In general, all average positive 

returns in the market sector are positive during 2005-2011. Moreover, gold futures in all 

three exchanges are the lowest volatile futures compared to other precious metal futures. 

All return series are stationary while heteroscedasticity is not significant for palladium but 

for all others. Thus the basic conditions required for computing the CHCF are satisfied in 

general. Figure 5.5 illustrates percentage of variation explained by derived CHCF for 

precious metals. 
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Table 5.3: Contribution of Precious Metals Sector Futures on its CHCF 

This table summarizes the contribution of precious metals futures on its market sector CHCF. Means and variances of daily returns 
during 1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity test for daily 

returns using ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for heteroskedesticity under the 

null hypothesis of homoskedesticity. The last column indicates the correlation between each futures return series with the derived sector 
specific CHCF. Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 

of Returns 

ADF Test for 

Unit Root of 

Returns 

Test for 

ARCH Effect 

Correlation 

with CHCF 

Gold Chicago Mercantile Exchange 0.0006 0.0001 -17.9901*** 100.3266*** 0.6310*** 

Silver Chicago Mercantile Exchange 0.0007 0.0005 -18.9866*** 116.4021*** 0.6773*** 

Palladium Chicago Mercantile Exchange 0.0006 0.0004 -19.2813*** 10.0673 0.6081*** 
Gold Multi Commodity Exchange of India 0.0006 0.0001 -18.2027*** 132.6085*** 0.4623*** 

Silver Multi Commodity Exchange of India 0.0007 0.0003 -19.0986*** 219.9160*** 0.4671*** 

Silver M Multi Commodity Exchange of India 0.0007 0.0003 -18.4036*** 122.6184*** 0.4991*** 
Gold  Tokyo Commodity Exchange 0.0006 0.0002 -19.0642*** 161.9169*** 0.7883*** 

Silver Tokyo Commodity Exchange 0.0006 0.0005 -19.4794*** 159.5880*** 0.8076*** 

Platinum Tokyo Commodity Exchange 0.0002 0.0003 -19.3522*** 301.9886*** 0.7441*** 
Palladium Tokyo Commodity Exchange 0.0006 0.0004 -18.6435*** 118.0287*** 0.7758*** 

According to Figure 5.5, the 𝐸𝑉(𝑡) for the precious metals sector CHCF is highly 

volatile during the overall period 2005-2011 varying from 35.3% to 60.5% with a median 

of 45.9%. This implies that the commonality in precious metal futures is uncertain and 

highly time-varying. No major deviations can be identified due to either of the crisis 

periods. Because both upper and lower limits of 𝐸𝑉(𝑡) appear stable across sub periods. 

Instead, the commonality in precious metals futures returns has increased during mid-2006 

indicating the impact from the metal price increase in 2006 (IMF, 2006). This result is 

consistent with the impact from the same economic cycle on the industrial materials 

demonstrated in section 5.3.2. Figure 5.6A illustrates daily values of precious metal CHCF 

and Figure 5.6B illustrates its cumulative values across the time. 

It is evident from Figure 5.6A that the market volatility of precious metals sector 

has mainly increased during the GFC. In addition, mid-2006 period and EUC have also 

caused to increase return volatility of the precious metal market. Similar to the energy & 

fuels sector in section 5.3.1, cumulative CHCF in Figure 5.6B indicate a significant boom 

and bust cycle in prices during the GFC. Eurozone crisis has also affected this sector to 

raise the price temporarily similar to the behaviour in early GFC. 
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Figure 5.5: Percentage of Variation (%) Explained by CHCF:  Precious Metals Sector 

This figure illustrates the percentage variation EV(t) explained by CHCF on precious metals sector from the total 

variation of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone 

crisis (EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period. 

 
A: Daily CHCF Values 

 
B: Cumulative CHCF Values 

Figure 5.6: Precious Metals Sector CHCF 
These figures illustrate daily values and cumulative values of precious metals sector CHCF in (A) and (B) respectively. 

Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 2010/04/01 onwards 

respectively.  
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 Grains & Oilseeds Sector CHCF 5.3.4

 Table 5.4 presents the list of grains & oilseeds futures which is a sub sector of 

agricultural & livestock sector with corresponding results for the descriptive analysis, unit 

root tests of returns, and the ARCH effect test. Correlations of futures returns with the 

derived CHCF for the sector are also presented in the same table.  

Table 5.4: Contribution of Grains & Oilseeds Sector Futures on its CHCF 

This table summarizes the contribution of grain and oilseeds futures on its market sector CHCF. Means and variances of daily returns 

during 1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity test for daily 

returns using ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for heteroskedesticity under the 
null hypothesis of homoskedesticity. The last column indicates the correlation between each futures return series with the derived sector 

specific CHCF. Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 
of 

Returns 

ADF Test for 
Unit Root of 

Returns 

Test for 

ARCH Effect 

Correlation 

with CHCF 

No.1 Soybeans Dalian Commodity Exchange 0.0003 0.0001 -17.0813*** 145.5770*** 0.3447*** 
Soybean Meal Dalian Commodity Exchange 0.0003 0.0003 -17.2590*** 7.3378 0.2818*** 

Corn Chicago Mercantile Exchange 0.0006 0.0005 -17.4111*** 66.8646*** 0.7746*** 

Soybeans Chicago Mercantile Exchange 0.0004 0.0003 -17.9660*** 157.2362*** 0.7841*** 
Soybean Oil Chicago Mercantile Exchange 0.0005 0.0004 -18.4258*** 102.2353*** 0.6329*** 

Soybean Meal Chicago Mercantile Exchange 0.0004 0.0004 -18.0851*** 24.7833*** 0.6739*** 

Wheat Chicago Mercantile Exchange 0.0004 0.0006 -16.6816*** 87.3301*** 0.7630*** 
Mini-sized Wheat Chicago Mercantile Exchange 0.0004 0.0006 -16.6767*** 87.4171*** 0.7642*** 

Oats Chicago Mercantile Exchange 0.0004 0.0005 -17.1597*** 45.1047*** 0.5917*** 

Rough Rice Chicago Mercantile Exchange 0.0004 0.0003 -16.3091*** 74.3122*** 0.4026*** 
Barley  ICE Futures-US 0.0005 0.0004 -16.1648*** 3.8119 0.3912*** 

Canola  ICE Futures-US 0.0005 0.0003 -17.9882*** 66.5178*** 0.6980*** 

Soy Bean NCDX of India 0.0003 0.0002 -16.9418*** 34.9360*** 0.3795*** 

Soy oil NCDX of India 0.0002 0.0002 -17.6441*** 2.6385 0.2960*** 

Corn NYSE.liffe 0.0003 0.0002 -16.6299*** 26.3024*** 0.5824*** 

Feed Wheat NYSE.liffe 0.0003 0.0003 -16.0869*** 50.2973*** 0.5753*** 
Milling Wheat NYSE.liffe 0.0003 0.0003 -16.0624*** 93.1541*** 0.6324*** 

Rapeseed NYSE.liffe 0.0004 0.0002 -17.8684*** 157.2241*** 0.6383*** 

Corn  Kansai Commodity Exchange 0.0004 0.0002 -16.4897*** 10.5602 0.3274*** 
White Maize South African Futures Exchange 0.0004 0.0004 -17.3511*** 197.6696*** 0.4301*** 

Yellow Maize South African Futures Exchange 0.0004 0.0004 -17.3499*** 167.2504*** 0.4341*** 

Bread milling wheat South African Futures Exchange 0.0002 0.0003 -17.9466*** 154.0853*** 0.3343*** 
Soybeans of Class SB South African Futures Exchange 0.0002 0.0002 -15.7319*** 126.1370*** 0.3661*** 

Sunflower Seed South African Futures Exchange 0.0003 0.0003 -17.0775*** 60.9686*** 0.3026*** 

Corn  Tokyo Grain Exchange 0.0004 0.0004 -17.9986*** 22.2815** 0.4697*** 
Soybean  Tokyo Grain Exchange 0.0002 0.0006 -18.1898*** 92.8964*** 0.3751*** 

Crude Palm Oil Malaysia Derivatives Exchange 0.0006 0.0003 -17.4923*** 327.9994*** 0.3859*** 

Futures prices in Tokyo Grain Exchange and CME seem to be more volatile than 

the others according to the variances listed in Table 5.4. Thus the investors of these 

exchanges may perceive relatively high risk on their investments over the grain & oilseed 

futures.  All average returns are positive for the sector during 2005-2011 indicating the 

potential of long-run profitability. According to the estimated correlations, US and 

Canadian markets seem to influence the CHCF of the sector than the other regions. All 

returns series are significantly stationary and fulfils one of the requirement for the 

computation of the CHCF.  Moreover, some of these return series are not heteroscedastic 

such as Soybean Meal (Dailian Commodity Exchange), Barley (ICE), Soy oil (NDX 

India), and Corn (Kansai Commodity Exchange). Even though a few return series are 
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homoscedastic it is  still reasonable to consider the heteroscedastic condition for the 

computation of the CHCF for grains & oilseeds market sector as the majority of the 

returns in Table 5.4 are heteroscedastic. Figure 5.7 illustrate the percentage of variation 

explained by the grain and oilseed sector CHCF. 

  

Figure 5.7: Percentage of Variation (%) Explained by CHCF: Grain & Oilseed Sector 

This figure illustrates the percentage variation EV(t) explained by CHCF on grain and oilseed sector from the total 

variation of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone 

crisis (EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period. 

It is evident from Figure 5.7 that both GFC and EUC have caused an increase in 

the 𝐸𝑉(𝑡) leading to a higher degree of commonality in grain and oilseed futures returns 

during a financial turmoil. The variation explained by the grain & oilseeds CHCF varies 

from 23.6% to 32.4% with a median of 26.1% inferring the time-varying nature in 

commonality but within a narrow range unlike previous cases in sections 5.3.1-5.3.3. It is 

evident that the grain & oilseeds market sector futures carry a higher degree of 

idiosyncratic variations due to the lower level of commonality. This is inevitable for the 

agricultural sector commodities as those commodities are mostly subject to product and 

location specific factors such as seasonality, perishability, inventory and transportation 

costs, etc. (Wang and Ke, 2005). Thus, a significant amount of the variations in these 

commodity returns are driven by commodity specific factors that the global 

macroeconomic factors. However, the influence from the global macroeconomic factors is 

not negligible as one third of the return variations are still explained by the CHCF. Also, 

during crisis periods, 𝐸𝑉(𝑡) has clearly shifted to high regimes according to the lower and 

upper bands in Figure 5.7. Figures 5.8A and 5.8B illustrate daily values and cumulative 

values of the grain and oilseed market sector CHCF. 
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A: Daily CHCF Values 

 

B: Cumulative CHCF Values 

Figure 5.8: Grain & Oilseeds Sector CHCF 

These figures illustrate daily values and cumulative values of grain and oilseeds sector CHCF in (A) and (B) 

respectively. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 

2010/04/01 onwards respectively.  

It is evident from Figure 5.8A that the market returns volatility of grain and 

oilseeds sector has also increased during the GFC similar to the previous cases in sections 

5.3.1-5.3.3. An impact from the EUC for an increase in grains & oilseeds market returns 

volatility is also evident from Figure 5.8A. According to Figure 5.8B, the boom in grain & 

oilseeds prices has started to continue during mid-2006 and until the first half of the GFC 

period in consistent with well-known commodity price explosion from 2006 onwards 

(IMF, 2006). In the second half of the GFC period a sudden burst in grain and oil seeds 

prices is evident in Figure 5.8B simultaneously to the other commodity markets analysed 

in sections 5.3.1-5.3.3. Moreover, the EUC has affected this sector to raise the market 
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price temporarily similar to the industrial materials (section 5.3.2) and precious metals 

(section 5.3.3) market sectors.  

 Livestock & Forest Sector CHCF 5.3.5

Table 5.5 presents the list of livestock and forest futures which is a sub sector of 

agricultural & livestock market sector along with the descriptive statistics of returns, 

results of stationarity and ARCH effect tests, and correlations of returns with the market 

sector CHCF.  

Table 5.5: Contribution of Livestock & Forest Sector Futures on its CHCF 

This table summarizes the contribution of livestock and forest futures on its market sector CHCF. Means and variances of daily returns 
during 1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity test for daily 

returns using ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for heteroskedesticity under the 
null hypothesis of homoskedesticity. The last column indicates the correlation between each futures return series with the derived sector 

specific CHCF. Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 
of 

Returns 

ADF Test 

for Unit 
Root of 

Returns 

Test for 

ARCH Effect 

Correlation 

with CHCF 

Live Cattle Chicago Mercantile Exchange 0.0002 0.0001 -17.9386*** 3.4317   0.4503*** 
Lean Hogs Chicago Mercantile Exchange 0.0000 0.0004 -17.7427*** 2.2821   0.3262*** 

Feeder Cattle Chicago Mercantile Exchange 0.0002 0.0001 -17.5517*** 4.7207   0.3504*** 

Random Length Lumber Chicago Mercantile Exchange -0.0002 0.0006 -18.5375*** 17.1743*   0.1650*** 
Live Cattle  Bolsa de Mercadorias & Futuros 0.0005 0.0002 -17.5809*** 265.6869***   0.2365*** 

Hard Red Spring Wheat Minneapolis Grain Exchange 0.0005 0.0005 -16.6725*** 34.5213***   0.1932*** 

Futures returns corresponding to the contracts traded on CME seem not to be 

heteroscedastic except for random length lumber. The average return of the random length 

lumber has become negative indicating non-profitability in long-run unlike the other 

average returns in the same market sector during 2005-2011. Live and feeder cattle futures 

returns listed in Table 5.5 indicate minimum volatility implying a low risk on investments 

compared to other contracts in the same market sector. Significance of the stationarity of 

all return series justifies the validity of the computation of the CHCF for the sector.  

According to the correlations in Table 5.5, contracts traded on CME mainly influence the 

CHCF of the sector. Moreover, Figure 5.9 illustrates the percentage of the variation 

explained by the CHCF on livestock & forest sector. 
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Figure 5.9: Percentage of Variation (%) Explained by CHCF: Livestock & Forest Sector 

This figure illustrates the percentage variation EV(t) explained by CHCF on livestock and forest sector from the total 

variation of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone 

crisis (EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period.  

It is evident that the GFC has mainly increased the 𝐸𝑉(𝑡) temporarily by the 

livestock & forest sector CHCF. Two extreme spikes in explained variations can be seen 

just before and mid of the GFC may be due to simultaneous price movements in the 

market sector. The variation explained by the sector’s CHCF varies between 19.9% and 

32.6% with a median of 22.3% indicating a low degree of commonality similar to the 

grain and oilseeds sector in section 5.3.4. According to the upper and lower limits of 

𝐸𝑉(𝑡) in Figure 5.9, it is evident that the GFC has caused to create random spikes on 

𝐸𝑉(𝑡) possibly due to sudden economic impacts on the market. Figures 5.10A and 5.10B 

illustrate daily values and cumulative values of the livestock and forest market sector 

CHCF. 
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B: Cumulative CHCF Values 

Figure 5.10: Livestock & Forest Sector CHCF 

These figures illustrate daily values and cumulative values of livestock & forest sector CHCF in (A) and (B) 

respectively. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 

2010/04/01 onwards respectively.  

It is evident from Figure 5.10A that the market volatility of livestock & forest 

sector has also increased during the GFC as in the other markets demonstrated in sections 

5.3.1-5.3.4. Unlike the grains & oilseeds sector in section 5.3.4, according to Figure 5.10 

prices of the livestock & forest sector indicate a downward trend until the end of the GFC. 

In contrast, prices are trending upward during the EUC. Therefore, it is evident that the 

sub-sectors of the agricultural & livestock sector are subject to their own market 

fundamentals apart from the influence from the impact from global market factors.  

 Softs & Spices Sector CHCF 5.3.6

Table 5.6 presents the list of softs & spices sector futures which is another sub-

sector of agricultural & livestock market. Corresponding descriptive statistics of return 

series, results of stationarity and ARCH effect tests, and correlations with the computed 

market sector CHCF are also presented in the same table.  

All average returns are positive for the soft and spices sector indicating a potential 

of profits in long-run. Tokyo Grain Exchange shows relatively higher volatility according 

to the variances in Table 5.6. Significant of the stationarity in all returns series justifies the 

ability of computing the CHCF using the proposed method in section 5.2. All futures 

returns except Arbica Coffee traded on Bolsa de Mercadorias & Futuros are 

heteroscedastic and therefore it is reasonable to consider heteroscedastic condition on 

CHCF for the sector. According to correlations, futures returns of NDX India make least 
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influence on the CHCF of the sector compared with other return series. Figure 5.11 

illustrate the variation explained by the softs and spices sector CHCF. 

Table 5.6: Contribution of Softs & Spices Sector Futures on its CHCF 

This table summarizes the contribution of softs and spices futures on its market sector CHCF. Means and variances of daily returns 

during 1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity test for daily 

returns using ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for heteroskedesticity under the 
null hypothesis of homoskedesticity. The last column indicates the correlation between each futures return series with the derived sector 

specific CHCF. Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 
of 

Returns 

ADF Test 

for Unit 
Root of 

Returns 

Test for 

ARCH Effect 

Correlation 

with CHCF 

Cocoa  ICE Futures-US 0.0002 0.0004 -16.9561*** 27.0221***   0.5441*** 

Coffee C ®  ICE Futures-US 0.0004 0.0004 -17.2868*** 18.4191**   0.6508*** 

Cotton No. 2  ICE Futures-US 0.0004 0.0005 -17.3787*** 151.6058***   0.3799*** 

Sugar No. 11  ICE Futures-US 0.0005 0.0013 -19.1472*** 54.8756***   0.5317*** 
Guar Seed NDX India 0.0007 0.0005 -17.5266*** 84.7701***   0.1937*** 

Guar Gum NDX India 0.0009 0.0004 -16.9707*** 135.7610***   0.1755*** 

Pepper NDX India 0.0007 0.0004 -17.7400*** 101.9268***   0.1717*** 
Cocoa  NYSE.liffe 0.0002 0.0004 -17.5861*** 24.5863***   0.5064*** 

White Sugar NYSE.liffe 0.0005 0.0004 -17.5272*** 23.0922**   0.5805*** 

Arabica Coffee Bolsa de Mercadorias & Futuros 0.0005 0.0003 -16.3871*** 8.4984   0.6004*** 
Arabica Coffee Tokyo Grain Exchange 0.0003 0.0010 -18.7361*** 72.6117***   0.4168*** 

Raw Sugar Tokyo Grain Exchange 0.0002 0.0028 -23.0552*** 68.6957***   0.4539*** 

 

 

Figure 5.11: Percentage of Variation (%) Explained by CHCF: Softs & Spices Sector 

This figure illustrates the percentage variation EV(t) explained by CHCF on softs and spices sector from the total 

variation of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone 

crisis (EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period.  

Unlike the other market sectors presented in sections 5.3.1-5.3.5, soft & spices 

sector indicates a low degree of commonality with the percentage of explained variation 

varying from 14.5% to 50.5%. Overall, the percentage of explained variation is stable 

across the time around an average of 17% apart from few spikes during turmoil periods. 

Therefore, a significant unexplained amount which is 82.9% can be assumed as due to the 

idiosyncratic variations in individual futures. Moreover, few random spikes in explains 
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variations during two crisis periods indicate temporary increases in commonality within 

the sector during a financial turmoil. Figures 5.12A and 5.12B further illustrate daily 

values and cumulative values of the softs and spices market sector CHCF. 

 
A: Daily CHCF Values 

 
B: Cumulative CHCF Values 

Figure 5.12: Softs & Spices Sector CHCF 

These figures illustrate daily values and cumulative values of softs and spices sector CHCF in (A) and (B) respectively. 

Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 2010/04/01 onwards 

respectively.  

It is evident from Figure 5.12A that the market volatility of softs and spices sector 

has increased during GFC as well as EUC periods but not up to the extent as observed in 

other market sectors from section 5.3.1 to 5.3.5. The boom and bust cycles are not evident 

for the softs & spices sector during the GFC unlike the other market sectors according to 

the cumulative CHCF series in Figure 5.12B. Instead, the EUC has made a significant 

impact on this sector to create a price bubble in the market during the crisis period. 
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 Index Futures Sector CHCF 5.3.7

Index futures sector comprises with a wide sample of index futures contracts 

traded on exchanges worldwide. Majority of these contracts are associated with the stock 

market indexes. In addition, a few of the indexes in the sample are based on popular 

commodity and currency indexes.  Table 5.7 presents the list of these index futures, along 

with descriptive statistics of returns, results of the stationarity and ARCH effect tests, and 

correlations of each return series with the computed index futures market sector CHCF.  

Table 5.7: Contribution of Index Futures on its CHCF 

This table summarizes the contribution of index futures on its market sector CHCF. Means and variances of daily returns during 

1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity test for daily returns using 
ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for heteroskedesticity under the null hypothesis 

of homoskedesticity. The last column indicates the correlation between each futures return series with the derived sector specific CHCF. 

Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 
of 

Returns 

ADF Test for 
Unit Root of 

Returns 

Test for 

ARCH Effect 

Correlation 

with CHCF 

FTSE 20 Athens Derivative Exchange 0.0003 0.0004 -18.0390*** 175.0168*** 0.6681*** 
Bovespa Bolsa De Mercadorias & Futuros 0.0003 0.0004 -19.2011*** 567.4445*** 0.7508*** 

FTSE MIB Borsa Italiana (IDEM) 0.0004 0.0002 -18.1699*** 416.8238*** 0.9238*** 

FTSE MIB Mini Borsa Italiana (IDEM) 0.0002 0.0003 -18.1698*** 416.7808*** 0.9238*** 
BUX Index Budapest Stock Exchange 0.0003 0.0005 -17.7256*** 309.7977*** 0.7753*** 

DJ Industrial Average Chicago Board of Trade 0.0001 0.0003 -18.9113*** 550.9075*** 0.6928*** 

DJ Industrial Average Mini Chicago Board of Trade -0.0001 0.0004 -18.8719*** 543.8858*** 0.6912*** 
S&P 500 Chicago Mercantile Exchange 0.0001 0.0003 -18.9771*** 536.3118*** 0.7151*** 

S&P 500 E-mini Chicago Mercantile Exchange 0.0004 0.0005 -18.9535*** 552.8034*** 0.7179*** 

S&P MidCap 400 E-mini Chicago Mercantile Exchange 0.0001 0.0003 -19.0418*** 544.6046*** 0.6980*** 
NASDAQ 100 Chicago Mercantile Exchange 0.0001 0.0003 -18.3882*** 466.9968*** 0.6385*** 

NASDAQ 100 E-mini Chicago Mercantile Exchange -0.0001 0.0002 -18.3620*** 481.3608*** 0.6394*** 

Nikkei 225 Yen Chicago Mercantile Exchange 0.0000 0.0003 -19.3536*** 773.2061*** 0.6472*** 
Nikkei 225 Chicago Mercantile Exchange 0.0000 0.0003 -19.8925*** 815.9052*** 0.6802*** 

Euro STOXX Construction Eurex 0.0001 0.0007 -18.6101*** 326.3761*** 0.9269*** 

Euro STOXX Travel&Leisure Eurex 0.0002 0.0002 -18.7834*** 290.8653*** 0.8567*** 
Euro STOXX Food & Bev Eurex 0.0002 0.0002 -18.2645*** 466.0826*** 0.8228*** 

Euro STOXX Banks Eurex 0.0000 0.0002 -18.7188*** 300.9635*** 0.8894*** 

TECDAX Eurex -0.0010 0.0006 -18.6196*** 427.2159*** 0.8796*** 

Euro STOXX Personal&Household Eurex -0.0002 0.0003 -18.3521*** 346.3127*** 0.9081*** 

Euro STOXX Auto Eurex 0.0001 0.0002 -19.7375*** 1020.6399*** 0.6286*** 

STOXX 600 Utilities Eurex 0.0001 0.0002 -18.7721*** 449.1886*** 0.8677*** 
DAX Index Eurex 0.0002 0.0003 -18.2405*** 406.6996*** 0.9501*** 

STOXX 600 Healthcare Eurex 0.0000 0.0002 -18.8334*** 475.2592*** 0.7555*** 

Euro STOXX Healthcare Eurex 0.0000 0.0002 -18.8510*** 297.8190*** 0.7631*** 
Euro STOXX Utilities Eurex 0.0000 0.0002 -18.5479*** 422.8705*** 0.8655*** 

Euro STOXX Retail Eurex 0.0006 0.0006 -18.2061*** 286.6357*** 0.8517*** 

STOXX 600 Basic Resources Eurex 0.0001 0.0001 -19.0568*** 515.4087*** 0.8599*** 
STOXX 600 Insurance Eurex 0.0000 0.0002 -18.8149*** 402.9673*** 0.9133*** 

STOXX 600 Oil & Gas Eurex 0.0005 0.0004 -18.3055*** 573.6482*** 0.8621*** 

STOXX 600 Media Eurex 0.0002 0.0003 -19.4495*** 443.4037*** 0.9013*** 
STOXX 600 Financial Services Eurex -0.0001 0.0006 -19.3759*** 471.0881*** 0.9247*** 

HEX 25 Eurex 0.0001 0.0004 -18.8357*** 296.0331*** 0.9124*** 

STOXX 600 Food & Beverage Eurex 0.0000 0.0006 -18.0579*** 572.9151*** 0.8156*** 
STOXX 600 Industrial Eurex 0.0003 0.0002 -18.7848*** 440.5392*** 0.9406*** 

Euro STOXX Oil & Gas Eurex -0.0003 0.0005 -18.3448*** 458.4689*** 0.8865*** 

Swiss Market Eurex 0.0003 0.0002 -19.1284*** 409.3979*** 0.8611*** 
STOXX 600 Technology Eurex -0.0001 0.0002 -18.9439*** 330.1707*** 0.8681*** 

Euro Stoxx 50 Eurex -0.0002 0.0002 -18.6272*** 380.6963*** 0.9645*** 

STOXX 50 Future Eurex 0.0003 0.0006 -19.1772*** 449.5553*** 0.9585*** 
Euro STOXX Insurance Eurex 0.0000 0.0002 -18.5850*** 376.2607*** 0.9033*** 

STOXX 600 Telecom Eurex -0.0001 0.0003 -19.9660*** 311.1723*** 0.8341*** 

Euro STOXX Telecom Eurex 0.0003 0.0008 -19.4892*** 258.3124*** 0.8367*** 
Hang Seng China Enterprises Hong Kong Futures Exchange 0.0001 0.0002 -19.0471*** 407.2456*** 0.4026*** 

Hang Seng Hong Kong Futures Exchange -0.0002 0.0005 -18.8352*** 510.5096*** 0.4167*** 
Hang Seng mini Hong Kong Futures Exchange 0.0000 0.0004 -18.8361*** 509.9192*** 0.4168*** 

Russell 1000 Mini ICE Futures US Indices -0.0001 0.0003 -18.8452*** 545.2487*** 0.7252*** 
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Contract Name Exchange 
Mean 
Return 

Volatility 

of 
Returns 

ADF Test for 

Unit Root of 
Returns 

Test for 
ARCH Effect 

Correlation 
with CHCF 

KOSPI200 Korea Exchange 0.0000 0.0003 -18.1701*** 636.2596*** 0.3493*** 

FTSE KLCI Future Malaysia Derivatives Ex. (KLO) -0.0002 0.0003 -17.8602*** 246.2674*** 0.2533*** 

IBEX 35 Meff Renta Variable (Madrid) 0.0001 0.0004 -18.7261*** 269.5487*** 0.9178*** 
IBEX 35 Mini Meff Renta Variable (Madrid) 0.0000 0.0004 -18.7261*** 269.5487*** 0.9178*** 

MEX Bolsa Mercado Mexicano de Derivados -0.0006 0.0006 -18.7768*** 483.2323*** 0.7664*** 

S&P Toronto 60 Montreal Exchange -0.0001 0.0002 -19.0249*** 545.9936*** 0.7678*** 
CNX Nifty CNXIT National Stock Exchange -0.0003 0.0006 -18.0000*** 306.1918*** 0.2344*** 

CNX Nifty National Stock Exchange 0.0002 0.0003 -18.2731*** 121.8935*** 0.2103*** 

Amsterdam Index NYSE LIFFE  0.0000 0.0003 -18.7046*** 495.6781*** 0.9431*** 
FTSE 100 NYSE LIFFE  -0.0002 0.0005 -19.4024*** 465.3675*** 0.9149*** 

CAC 40 10 EUR NYSE LIFFE  0.0000 0.0003 -18.8229*** 339.2382*** 0.9557*** 

Nikkei 225 Osaka Securities Exchange -0.0001 0.0004 -17.9836*** 593.8686*** 0.4855*** 
OBX Oslo Stock Exchange -0.0001 0.0004 -18.9484*** 481.5168*** 0.8388*** 

Nikkei 225 Singapore Exchange  -0.0004 0.0004 -17.9354*** 523.9357*** 0.5121*** 

MSCI Singapore Singapore Exchange  -0.0004 0.0004 -18.4090*** 445.1431*** 0.3152*** 
TAIEX Taiwan Futures Exchange -0.0001 0.0004 -19.1926*** 255.1219*** 0.3968*** 

TAIEX, Finance Taiwan Futures Exchange -0.0001 0.0005 -18.7826*** 251.7549*** 0.3863*** 

TAIEX, Electronic Taiwan Futures Exchange 0.0002 0.0003 -19.4189*** 247.7601*** 0.3704*** 
TOPIX Tokyo Stock Exchange -0.0001 0.0003 -18.6908*** 551.9654*** 0.4719*** 

MIDWIG Warsaw Stock Exchange 0.0002 0.0003 -17.3546*** 298.7353*** 0.7794*** 

WIG20 Warsaw Stock Exchange -0.0001 0.0003 -18.4466*** 317.4069*** 0.7897*** 
ATX Five Stock Wiener Borse -0.0001 0.0003 -18.3137*** 480.7019*** 0.8193*** 

Austrian Traded Wiener Borse -0.0002 0.0003 -17.7552*** 590.8655*** 0.8613*** 

The average returns with both positive and negative values indicate both profitable 

and non-profitable investments in long-run. Similarly, volatility estimates provides mixed 

results with low and high levels of risks on investments. All returns series are significantly 

stationary and hence satisfy a basic condition for computing the CHCF. More 

interestingly, all index futures return series are highly heteroscedastic and indicate the 

requirement of heteroscedastic condition in computing the CHCF. Correlations in Table 

5.7 are above 0.6 except for contracts traded on the exchanges located in the Asian region. 

This implies that a high degree of commonality can be expected in the index futures 

market unlike the commodity markets analysed in sections 5.3.1-5.3.6. Figure 5.13 

illustrate the percentage of the variation by explained the index futures market sector 

CHCF. Unlike other market sectors in sections 5.3.1-5.3.6 where the 𝐸𝑉(𝑡) has increased 

during crisis periods, Figure 5.13 clearly indicates that the variation of index futures 

returns explained by CHCF has temporarily dropped during both crisis periods. This 

implies that the commonality in index futures market returns tends to drop temporarily 

during financial turmoil. Apart from these short-term impacts from crisis, in general, an 

increasing trend can also be observed in the explained variations during 2005-2011. This 

indicates that index futures markets have become more integrated across the time varying 

between 50% and 62.4% with a median of 55.1%. Especially, after the GFC, the range of 

𝐸𝑉(𝑡) has shifted to a higher level. 
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Figure 5.13: Percentage of Variation (%) Explained by CHCF: Index Futures Sector 

This figure illustrates the percentage variation EV(t) explained by CHCF on index futures sector from the total variation 

of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis 

(EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period.  

Due to the high range of values in explained variations, it can be documented that the 

index futures sector is mostly influenced by the fluctuations in the global financial factors. 

Moreover, Figures 5.14A and 5.14B illustrate daily values and cumulative values of the 

index futures market sector CHCF respectively. 
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B: Cumulative CHCF Values 

Figure 5.14: Index Futures Sector CHCF 

These figures illustrate daily values and cumulative values of index futures sector CHCF in (A) and (B) respectively. 

Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 2010/04/01 onwards 

respectively.  

The rapid increment of volatility during both GFC and EUC periods in Figure 

5.14A shows that both crisis periods have affected the index futures market returns. This 

impact seems to be relatively greater due to the GFC compared to the EUC. According to 

Figure 5.14B, a clear trend in index futures prices is evident prior to the GFC period. Also, 

a peak in market prices seems to appear just before the GFC and then an immediate price 

drop occurred during the GFC like in most of the other market sectors. In contrast, during 

the EUC, index futures market prices have increased temporarily and returned to the 

previous level. 

 Currency Futures Sector CHCF 5.3.8

Table 5.8 presents the list of currency futures along with descriptive statistics of 

returns, results of stationarity and heteroscedasticity tests, and correlations of returns with 

the market sector CHCF. Currency futures average returns provide mixed results with both 

positives and negatives. Compared with other market sectors, on average, currency futures 

returns are less volatile according to the variances in Table 5.8. On the other hand, all 

futures return series are highly heteroscedastic and significantly stationary. These results 

justify the conditions for the computation of the CHCF. It should be noted that the sign of 

the correlations varies depending on the denominator currency in each cross currency pair 

of the underlying contract. More specifically, for those currency pair where USD is the 

numerator currency, the correlations take negative signs. This indicates that the derived 

CHCF for the currency sector represents common variations in cross currency market 
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returns against the USD. That is, when the USD depreciates the currency futures sector 

CHCF increases and vice versa. It should also be noted that NOK/SEK currency futures 

return does not make a significant contribution to the CHCF due to the insignificant 

correlation coefficient in Table 5.8. Moreover, Figure 5.15 illustrates the variation 

explained by the currency futures sector CHCF in order to examine the commonality in 

currency futures market returns.  

Table 5.8: Contribution of Currency Futures on its CHCF 

This table summarizes the contribution of currency futures on its market sector CHCF. Means and variances of daily returns during 

1/1/2005 and 1/12/2011 are reported in third and fourth columns. Fifth column corresponds to the stationarity test for daily returns using 

ADF test under the unit root null hypothesis. Sixth column presents Engle’s ARCH test for heteroskedesticity under the null hypothesis 
of homoskedesticity. The last column indicates the correlation between each futures return series with the derived sector specific CHCF. 

Significance of the results is flagged as (*) for 10%, (**) for 5% and (***) for 1% levels. 

Contract Name Exchange 

Mean 

Return 

Volatility 
of 

Returns 

ADF Test for 
Unit Root of 

Returns 

Test for ARCH 

Effect 

Correlation 

with CHCF 

USD (US Dollar) Future Bolsa De Mercadorias & Futuros -0.0002 0.0001 -18.7431*** 611.4966***  -0.6557*** 

EUR/HUF Budapest Stock Exchange 0.0001 0.0000 -19.2603*** 151.5788***  -0.5873*** 
EUR/USD Budapest Stock Exchange 0.0000 0.0000 -17.4142*** 171.5348***   0.6148*** 

GBP/HUF Budapest Stock Exchange 0.0000 0.0001 -17.5891*** 118.7010***  -0.5017*** 

USD/HUF Budapest Stock Exchange 0.0001 0.0001 -18.0282*** 266.7744***  -0.7346*** 
AUD/USD Future Chicago Mercantile Exchange 0.0002 0.0001 -18.8868*** 410.3727***   0.8394*** 

BRL/USD Future Chicago Mercantile Exchange 0.0002 0.0001 -19.0168*** 538.3343***   0.6173*** 

CAD/USD Future Chicago Mercantile Exchange 0.0001 0.0000 -18.2272*** 200.7741***   0.7231*** 
CHF/USD Future Chicago Mercantile Exchange 0.0001 0.0001 -17.1785*** 104.8615***   0.3981*** 

EUR/AUD Chicago Mercantile Exchange -0.0002 0.0001 -19.7705*** 475.2292***  -0.4721*** 

EUR/CAD Chicago Mercantile Exchange -0.0001 0.0000 -17.3425*** 165.4352***  -0.0588** 

EUR/CHF Chicago Mercantile Exchange -0.0001 0.0000 -17.9509*** 270.2340***   0.3491*** 

EUR/GBP Chicago Mercantile Exchange 0.0001 0.0000 -17.0661*** 250.7570***   0.0884*** 

EUR/JPY Chicago Mercantile Exchange -0.0002 0.0001 -18.7331*** 168.0666***   0.7991*** 
EUR/USD Emini Future Chicago Mercantile Exchange 0.0000 0.0000 -17.2285*** 174.9026***   0.7109*** 

EUR/USD Future Chicago Mercantile Exchange 0.0000 0.0000 -17.2322*** 174.9735***   0.7108*** 
GBP/JPY Chicago Mercantile Exchange -0.0003 0.0001 -19.1485*** 166.9536***   0.6853*** 

GBP/USD Future Chicago Mercantile Exchange -0.0001 0.0000 -17.5711*** 242.3076***   0.6507*** 

JPY/USD E-Mini Future Chicago Mercantile Exchange 0.0002 0.0000 -19.3219***  63.9878***  -0.3036*** 
JPY/USD Future Chicago Mercantile Exchange 0.0002 0.0000 -19.3434***  64.0649***  -0.3038*** 

MXN/USD Future Chicago Mercantile Exchange -0.0001 0.0001 -18.0105*** 405.2924***   0.6857*** 

NOK/USD Future Chicago Mercantile Exchange 0.0000 0.0001 -18.5787*** 166.8399***   0.6922*** 
NZD/USD Future Chicago Mercantile Exchange 0.0001 0.0001 -18.8284*** 194.9107***   0.7762*** 

RUB/USD Future Chicago Mercantile Exchange -0.0001 0.0060 -29.5117*** 914.6748***   0.1199*** 

SEK/USD Future Chicago Mercantile Exchange 0.0000 0.0001 -17.7669*** 252.2181***   0.7343*** 
ZAR/USD Future Chicago Mercantile Exchange -0.0002 0.0001 -18.4471*** 470.6926***   0.7287*** 

AUD/JPY ICE Futures-US 0.0000 0.0002 -19.8249*** 379.2082***   0.7968*** 

AUD/NZD ICE Futures-US 0.0001 0.0000 -17.4152*** 420.7650***   0.1479*** 
CAD/JPY ICE Futures-US -0.0001 0.0001 -19.2253*** 227.9863***   0.6813*** 

EUR/CZK ICE Futures-US -0.0001 0.0000 -18.2671*** 279.7234***  -0.3743*** 

EUR/HUF ICE Futures-US 0.0001 0.0001 -20.2678*** 324.7010***  -0.6008*** 
GBP/CHF ICE Futures-US -0.0002 0.0059 -29.0241*** 817.9814***   0.0722*** 

GBP/JPY ICE Futures-US -0.0003 0.0001 -19.3200*** 170.0163***   0.6791*** 

NOK/SEK ICE Futures-US 0.0000 0.0000 -18.3040*** 176.3895*** -0.0207 
USD (US Dollar) Korea Exchange 0.0001 0.0001 -17.0825*** 526.9680***  -0.3805*** 

USD (US Dollar) Mercado Mexicano de Derivados 0.0001 0.0001 -18.2927*** 444.7477***  -0.6805*** 

USD/RUB Russian Trading System 0.0001 0.0000 -18.9675***  17.2511*  -0.4902*** 
USD (US Dollar) Warsaw Stock Exchange 0.0001 0.0001 -18.4873*** 434.0709***  -0.6129*** 
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Figure 5.15: Percentage of Variation (%) Explained by CHCF: Currency Futures Sector 

This figure illustrates the percentage variation EV(t) explained by CHCF on currency futures sector from the total 

variation of underlying futures returns. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone 

crisis (EUC) from 2010/04/01 onwards respectively. Upper and lower horizontal dotted lines represent respectively the 

maximum and the minimum values of the explained variation during each sub period.  

Figure 5.15 clearly indicates that the variation explained by the currency futures 

sector CHCF has been very volatile during crisis periods indicating a destabilization in 

commonality of the currency returns in a turbulent period. The 𝐸𝑉(𝑡) for the currency 

sector’s CHCF varies from 22.2% to 65.3% with a median of 34.6% indicating evidence 

for a high degree of time-variation in commonality. It is also evident from Figure 5.15 that 

the commonality in currency futures is increasing in long run. It should be also noted that 

a significant amount of unexplained variation can be seen in currency futures. This is 

inevitable as currency futures are exposed to idiosyncratic variations in local currencies. 

Apart from this well-known fact, it is evident that currency futures market carries a 

considerable amount of common variations influenced by global macroeconomic factors.  

Figures 5.16A and 5.16B illustrate daily values and cumulative values of the 

currency futures market sector CHCF. Both GFC and Eurozone crisis periods have 

affected the currency futures market returns by increasing its volatility as seen in Figure 

16A. This observation is closer to the finding corresponding to the index futures market 

CHCF in Figure 5.14A. Because, the impact on return variation during the GFC is very 

sharp for currency market CHCF which is similar to the impact on index futures market 

CHCF rather than commodity market CHCFs. 
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A: Daily Values of CHCF 

 
B: Cumulative Values of CHCF 

Figure 5.16: Currency Futures Sector CHCF 

These figures illustrate daily values and cumulative values of currency futures sector CHCF in (a) and (b) respectively. 

Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 and Eurozone crisis (EUC) from 2010/04/01 onwards 

respectively.  

Similarly Figure 5.16B provides evidence for the boom and bust cycle during in the 

currency market during the GFC which is again closer to the fluctuations observed in 

Figure 5.14B for index futures market. This suggests that the two non-commodity sectors 

behave closely to each other than with the commodity futures markets. These linkages will 

be examined in the following sections of this chapter. 

5.4 Descriptive Statistics of CHCFs 

This section summarizes all market sector CHCFs and compare across sub-sample 

periods motivated by the GFC and EUC namely, i) Pre-GFC (01-01-2005 to 30-11-2007), 

ii) GFC (01-12-2007 to 30-06-2009) iii) Inter-Crisis (01-07-2009 to 31-03-2010)), and iv) 
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EUC (01-04-2010 to 31-12-2011). In addition to the descriptive statistics, I perform the 

tests of stationarity, autocorrelations, and heteroscedasticity on each CHCF in order to 

investigate underlying stochastic properties. Table 5.9 summarizes the corresponding 

results. 

Table 5.9: Descriptive Statistics of CHCFs 

This table presents descriptive statistics for CHCFs of all sectors corresponding to full sample period of 2005-2011 and sub sample 

periods motivated by the GFC and EUC. In Panel C,D, and E the percentage changes in variances are presented in parentheses followed 

by the variance values. ADF (Augmented Dickey-Fuller), LBQ (Ljung-Box), and ARCH (Engle’s ARCH) tests are performed to test 
for stationarity, autocorrelations, and heteroscedasticity in CHCFs respectively. The H0 of the ADF is the unit root hypothesis. The H0 

of the LBQ test is the existence of a serially unautocorrelated series. The H0 of the ARCH test is the homoscedasticity of the underlying 

series. All tests are performed at 5 lags and *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. 

Panel A: 
Full Period 

CHCF for 

Energy 

CHCF for 

Industrial 

Materials 

CHCF for 

Precious 

Metals 

CHCF for 

Grains & 

Oilseeds 

CHCF for 

Livestock & 

Forest 

CHCF for 

Softs & 

Spices 

CHCF for 

Index 

Futures 

CHCF for 

Currency 

Futures 

Mean 0.0000 -0.0001 -0.0004 -0.0003 0.0000 0.0000 0.0002 -0.0001 

Variance 0.0454 0.0369 0.0388 0.0526 0.017 0.0391 0.119 0.0319 

Skewness -0.2235 -0.2189 -1.038 -0.213 -0.3445 -0.2351 -0.1964 -0.5876 

Kurtosis 4.7255 5.5065 7.8404 5.5596 7.0194 5.9497 9.6765 9.8193 

Sample Size 1803 1803 1803 1803 1803 1803 1803 1803 

ADF Test -16.0953*** -16.5877*** -17.8221*** -15.8266*** -17.3842*** -17.0874*** -18.0368*** -18.8818*** 

LBQ Test 11.5549** 13.7894** 76.3577*** 53.8777*** 13.9789** 3.4319 42.9879*** 14.6840** 

ARCH Test 163.4419*** 187.9258*** 94.2981*** 121.5724*** 139.6110*** 29.5609*** 419.3370*** 355.7017*** 

Panel B: 

        Pre GFC Period        

Mean -0.0001 0.0001 -0.0003 0.0000 -0.0003 -0.0005 0.0002 -0.0001 

Variance 0.0382 0.0337 0.032 0.0386 0.0152 0.0318 0.0656 0.0186 

Skewness 0.2155 -0.0153 -1.5909 0.0651 1.0917 -0.2548 -0.4265 -0.4957 

Kurtosis 3.2827 6.4184 11.9342 4.5146 14.7525 4.3578 4.8108 6.0437 

Sample Size 751 751 751 751 751 751 751 751 

ADF Test -10.8204*** -10.8154*** -11.5381*** -11.6460*** -10.9305*** -11.8352*** -11.8564*** -11.6161*** 

LBQ Test 5.8272 4.5718 12.9414** 7.7918 2.2206 13.8616** 16.7612*** 4.0944 

ARCH Test 10.4014* 76.7940*** 33.0339*** 13.7552** 0.9083 13.0115** 88.0565*** 87.4215*** 

Panel C: 

        GFC Period        
Mean -0.0002 -0.0001 -0.0012 0.0001 -0.0012 -0.0001 0.0001 0.0000 
Variance 0.0632 0.0510 0.0514 0.0718 0.0264 0.0476 0.1782 0.0469 
(% Change) (173.7) (129.0) (158.0) (246.0) (201.7) (124.1) (637.9) (535.8) 

Skewness -0.2263 -0.2099 -0.4430 -0.3983 -0.7658 -0.7717 0.0258 -0.5135 

Kurtosis 3.5819 3.9119 4.8654 3.9833 5.7142 5.3811 6.8012 7.3686 

Sample Size 408 408 408 408 408 408 408 408 

ADF Test -7.1106*** -6.7763*** -8.4267*** -6.8963*** -7.6646*** -7.7395*** -8.4277*** -9.0649*** 

LBQ Test 6.9625 12.2284** 12.1612** 21.0341*** 4.9147 1.5784 17.7551*** 8.1895 

ARCH Test 24.8697*** 51.8284*** 10.9704* 29.9294*** 22.8371*** 6.5293 87.2976*** 89.8520*** 

Panel D: 

        Inter-Crisis Period        
Mean -0.0001 0.0000 0.0001 0.0003 -0.0001 -0.0002 0.0014 -0.0002 

Variance 0.0441 0.0398 0.0346 0.0500 0.0189 0.0385 0.1005 0.0307 
(% Change) (-51.3) (-39.1) (-54.7) (-51.5) (-48.7) (-34.6) (-68.2) (-57.2) 

Skewness -0.1550 0.0225 -1.1145 0.2872 0.5547 0.0043 -0.3453 -0.2203 

Kurtosis 3.4829 2.9219 7.2270 4.2829 6.9732 3.3617 3.4489 3.6086 

Sample Size 193 193 193 193 193 193 193 193 

ADF Test -5.9371*** -4.9439*** -5.6924*** -5.9143*** -4.6684*** -5.6201*** -5.4553*** -5.7506*** 

LBQ Test 5.3893 0.8100 16.9815*** 10.6984* 3.3952 1.6808 8.1479 6.2000 

ARCH Test 9.3757* 10.3025* 1.3898 0.8186 1.8338 5.1174 5.4690 12.6087** 

Panel E: 

        EUC Period        
Mean -0.0002 -0.0001 -0.0004 0.0000 0.0000 0.0000 0.0001 0.0002 

Variance 0.0350 0.0369 0.0378 0.0532 0.0142 0.0409 0.1269 0.0328 
(% Change) (-37.0) (-14.0) (19.4) (13.2) (-43.6) (12.9) (59.4) (14.1) 

Skewness -0.5499 -0.5700 -1.2124 0.0818 0.0637 0.0049 -0.1249 -0.4294 

Kurtosis 4.2338 4.8268 7.3181 5.8747 3.6416 5.0385 4.7694 5.3201 

Sample Size 453 453 453 453 453 453 453 453 

ADF Test -8.3307*** -9.6216*** -8.9774*** -7.3332*** -9.3589*** -8.7199*** -9.5574*** -9.3834*** 

LBQ Test 5.5761 10.5347* 64.3458*** 11.9834** 11.3591** 7.5426 11.7484** 9.5131* 

ARCH Test 14.8294** 12.0064** 87.0125*** 14.8124** 9.2255 3.6354 44.2267*** 38.9679*** 



123 

The results in Table 5.9 indicate that the volatility for the index futures sector is the 

highest in all sample periods. This demonstrates that the index futures is the riskiest 

market especially during the crisis periods. Mostly, the CHCFs are negatively skewed and 

leptokurtic. This justifies that computed CHCFs follow the intended behaviour of market 

returns. Dickey-fuller test confirms that all CHCF series are significantly stationary. 

Therefore, they will not lead to spurious correlations or regressions. Ljung-Box tests (LBQ 

test) results indicate possible serial autocorrelations in CHCFs during the full sample 

period. More specifically, according to Panel C and E, it is evident that the significance of 

the autocorrelations mostly appears in the crisis periods. This indicates that the degree of 

persistence in futures market returns is relatively high during financially vulnerable 

period. Moreover, the Engle’s test for ARCH effect provides significant evidence for the 

heteroskedesticity in all CHCFs during the full sample period. However, the same test 

provides mixed results during sub sample periods, especially for agricultural & livestock 

futures markets. In sum, it can be stated that the introduced CHCFs for futures markets 

carry information related to the common market behaviour of futures returns, not only by 

their levels, but also by the higher moments such as variance, skewness, and kurtosis. 

It is interesting to observe the extreme increases in all volatilities in Panel C of 

Table 5.9 for all market sectors during the GFC period. Index futures sector records the 

highest (638%) volatility increment during the GFC while the second highest (536%) is 

for the currency market sector. This implies that the investors of these two markets have 

exposed to an extreme level of risk during the GFC. Panel D indicate a general drop in 

volatilities in all sectors providing evidence for the stabilization of the volatilities after the 

GFC. Moreover, according to Panel D in Table 5.9, changes in volatilities indicate mixed 

results during the EUC. Index futures market records the highest (59%) increment in 

volatility while the livestock & forest market sector records the highest decrement (-44%) 

in volatility. It is evident that the impact of EUC on market sector volatility changes is not 

severe as during the GFC period.  

 Conditional Volatility Dynamics of CHCFs 5.4.1

Since CHCFs are conditionally heteroscedastic it is informative to investigate 

volatility dynamics in corresponding markets using their conditional variances. This helps 

use to identify how the risk on investments corresponding to each market sector has been 

affected by the global macroeconomic factors across the time. The behaviour of the 
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conditional variances in financial markets are probably asymmetric and  usually high 

during recessions (Schwert, 1989). Considering this fact, I use the Threshold-GARCH 

(TARCH) model introduced by Glosten et al. (1993) for the estimation of the conditional 

variances of all CHCFs. Due to the significant serial autocorrelations in certain CHCFs 

evident from Table 5.9, autocorrelation filtered residuals are computed for the full sample 

period (2005-2011) as in equation (5.5) before estimating the conditional variances. 

휀(𝑡) = 𝑀(𝑡) − 𝛼0 − 𝛼1𝑀(𝑡 − 1)  (5.5) 

Then, the conditional variances, ℎ(𝑡) for market sector CHCFs [𝑀(𝑡)] are estimated using 

the univariate TARCH(1,1,1) process as in equation (5.6). 

ℎ(𝑡) = 𝜃0 + 𝜃1휀
2(𝑡 − 1) + 𝜃2𝐼(𝑡)휀

2(𝑡 − 1) + 𝜃3ℎ(𝑡 − 1) (5.6) 

Here, 𝐼(𝑡) is a dummy variable such that 𝐼(𝑡) = 1 if 휀(𝑡) < 0 and 𝐼(𝑡) = 0 otherwise. 

The TARCH model implies that a positive innovation (shock) at time 𝑡 − 1 has an impact 

on the volatility at time 𝑡 which is equal to 𝜃1 times the residual squared, while a negative 

innovation (shock) has impact equal to (𝜃1 + 𝜃2) times the residual squared. The presence 

of a “leverage effect” would imply that the coefficient 𝜃2 is positive, that is, that a 

negative innovation has a greater impact than a positive innovation (Engle and Patton, 

2001). Table 5.10 summarizes the parameter estimates of the TARCH(1,1,1) model in 

(5.6) of CHCF corresponding to each market sector. 

Table 5.10: Conditional Variance Model Estimates from the TARCH(1,1,1) Model 

 
CHCF for 

Energy 

CHCF for 
Industrial 

Materials 

CHCF for 
Precious 

Metals 

CHCF for 
Grains & 

Oilseeds 

CHCF for 
Livestock & 

Forest 

CHCF for 
Softs & 

Spices 

CHCF for 
Index 

Futures 

CHCF for 
Currency 

Futures 

𝜃0 0.000017** 0.000027** 0.000033* 0.0000 0.000008* 0.000027* 0.0001*** 0.000011*** 

𝜃1 0.0194** 0.0485*** 0.0825*** 0.0402*** 0.0268* 0.0360** 0.0038 0.0368*** 

𝜃2 0.0239** 0.0217 0.0171 0.0274 0.0160 0.0077 0.1452*** 0.1091*** 

𝜃3 0.9594*** 0.9249*** 0.8893*** 0.9338*** 0.9350*** 0.9431*** 0.9113*** 0.8974*** 

This table presents results of the estimated TARCH(1,1,1) model for each autocorrelation filtered series of CHCFs. All estimates are 

based on the full sample period from 1/1/2005 to 31/12/2011.  *, ** and *** denote significance at the 10, 5 and 1% levels, 

respectively. 

It is evident from Table 5.10 that the volatilities in all markets are highly persistent 

with resulting 𝜃3 > 0.88 and significant at 1% level. As far as the effect from immediate 

shocks in innovations are concerned (𝜃1, 𝜃1), all markets indicate significant results for at 

least for one of the coefficients, 𝜃1 and 𝜃2. Energy & fuels, and currency markets are 

affected by both positive and negative shocks while the index market is affected only by 

the negative shock as evident from the significantly positive 𝜃2 with an insignificant 𝜃1. 

This indicates that the index futures markets are only sensitive for the downside risks in 
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the market. This would be the main reason behind the observation of the highest 

percentage increment in volatility of the index futures markets in Table 5.9 during the 

GFC (Panel C). Overall, futures markets indicate the presence of a leverage effect but not 

for certain commodity markets such as industrial materials, precious metals, and 

agricultural sectors. Moreover, dynamics in market volatilities across the time are 

investigated using estimated conditional variances [ℎ(𝑡)] from TARCH(1,1,1) model in 

(5.6) and illustrated in Figure 5.17. 

It can be noticed from Figure 5.17 that all graphs show pronounced volatility 

spikes during the GFC. In addition, index futures, precious metals and agricultural & 

livestock related market sectors (grain & oilseeds, livestock & forest, soft & spices) 

indicate two volatility spikes during the GFC compared with energy & fuel, industrial 

materials, and currency markets. According to the scales in volatility plots in Figure 5.17, 

index futures market receives the largest shock during the GFC. This is consistent with the 

extreme increase in the volatility of the index market observation in Table 5.9 during the 

GFC. In contrast to the effect from the GFC, the impact from the EUC is slender on 

futures market volatilities. Minor shocks on the volatilities of softs & spices, index futures 

and currency markets can be identified during the EUC.  

Among the limited literature about the impact of the EUC on financial markets, 

Andrikopoulos et al. (2014) document that stock markets and currency market volatilities 

in Greece, Portugal, and Spain are shocked by the crisis. Figure 5.17 also support this 

finding corresponding to the index futures and currency markets. Moreover, industrial 

materials and precious metals market CHCFs jointly indicate volatility spikes during mid-

2006 in addition to the GFC which may be due to the rapid increase in the worldwide 

demand compared to low inventory levels in most of the base metals during the same 

period (Geman and Smith, 2013).  
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Figure 5.17: Volatility of Market Sector CHCFs 

This figure illustrates conditional variances of CHCFs estimated using the TARCH(1,1,1) model in equation (5). Two shaded areas represent GFC during 2007/12/01 to 

2009/6/30 and Eurozone crisis (EUC) from 2010/04/01 onwards respectively.  
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5.5 Correlation Dynamics of CHCFs 

Identification of correlations between market returns is important for the 

diversification of investment portfolios. Correlations between commodities and other asset 

classes help us to decide that commodity futures have become better portfolio diversifiers 

and better instruments for strategic asset allocation. As documented by Choi and 

Hammoudeh (2010) commodity traders concurrently look at both stock and commodity 

markets. On the other hand, equity flows into foreign markets are positively correlated 

with foreign currency appreciations leading stock and currency market correlations (Hau 

and Rey, 2005). Therefore it is interesting to have a close examination of correlation 

dynamics between the market sectors using derived CHCFs. This helps us to identify how 

the underlying information in a particular futures market diffuses to another futures market 

simultaneously and how it is affected by financially vulnerable periods. Unlike raw return 

series, CHCF based correlations may provide accurate information regarding cross market 

correlation dynamics since CHCFs are solely based on common market variations but not 

idiosyncratic variations. Thus, results in this section would explain how the common 

market information of a futures market is shared across other markets contemporaneously. 

In this analysis, first I investigate conventional Pearson unconditional correlations between 

the market sectors in section 5.5.1 and then I extend the investigation by comparing 

dynamic conditional correlations using DCC-GARCH approach in section 5.5.2. 

 Unconditional Correlations between Market Sectors 5.5.1

This section demonstrates the results obtained from the Pearson correlation 

coefficients computed for each pair of CHCFs. In order to distinguish the results across 

crisis periods, I repeat the analysis for full sample period (2005-2011) as well as for sub- 

periods namely, pre-GFC, GFC, inter-crisis period, and EUC similar to section 5.4. Table 

5.11 presents the historic contemporaneous unconditional correlation patterns for the 

market sector CHCFs for the full sample period (Panel A), and all sub-sample periods 

(Panels B-E). All correlations in Panel A of Table 5.11 are significant at 5% level for the 

full sample period. Therefore, it is evident that the entire futures markets share information 

among them instantaneously. It is not surprising to see that the highest correlation is 

observed between the two non-commodity sectors, index futures and currency futures. On 

the other hand livestock & forest sector CHCF indicate lower correlations with other 
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markets. In panel B, these correlations are not even significant implying that livestock & 

forest markets have behaved independently during the pre-GFC period.  

Table 5.11: Contemporaneous Unconditional Correlations between CHCF 

This table presents unconditional Pearson correlations between market sector CHCFs corresponding to full sample 

period and all sub sample periods.  *, **,  and *** denotes the significance of correlations at 10%, 5%, and 1% levels 

respectively. 

Panel A: Full Period Energy 

Industrial 

Materials 

Precious 

Metals 

Grains & 

Oilseeds 

Livestock & 

Forest 

Softs & 

Spices 

Index 

Futures 

Industrial Materials   0.4495*** 
      Precious Metals   0.4544***   0.5174***     

 Grains & Oilseeds   0.4307***   0.3570***   0.3695***    

 Livestock & Forest   0.1511***   0.1587***   0.1172***   0.1664***   
 Softs & Spices   0.3368***   0.3407***   0.3536***   0.3708***   0.1165***  

 Index Futures   0.4585***   0.5261***   0.4116***   0.3955***   0.1896***   0.3681*** 

 Currency   0.4777***   0.4918***   0.4053***   0.4241***   0.1666***   0.3667***   0.8010*** 

Panel B: Pre-GFC Period       

Industrial Materials 0.2579***       
Precious Metals 0.3716*** 0.5576***      

Grains & Oilseeds 0.2501*** 0.2019*** 0.3007***     

Livestock & Forest 0.0449 0.0194 0.0028 0.2405***    
Softs & Spices 0.1860*** 0.2470*** 0.2336*** 0.2428*** 0.0445   

Index Futures 0.1603*** 0.4354*** 0.4393*** 0.2535*** 0.0209 0.2374***  

Currency 0.1816*** 0.3668*** 0.4319*** 0.2709*** 0.0126 0.2328*** 0.6531*** 

Panel C: GFC-Period       

Industrial Materials   0.5895***       

Precious Metals   0.4601***   0.4214***      
Grains & Oilseeds   0.6113***   0.5773***   0.4774***     

Livestock & Forest   0.3794***   0.3791***   0.2051***   0.5019***    

Softs & Spices   0.4745***   0.5035***   0.4353***   0.6063***   0.3665***   
Index Futures   0.5096***   0.6127***   0.3637***   0.5299***   0.4505***   0.4534***  

Currency   0.5583***   0.6041***   0.3814***   0.6089***   0.4766***   0.5106***   0.8194*** 

Panel D: Inter-Crisis Period       

Industrial Materials   0.7126***       

Precious Metals   0.5415***   0.5977***      

Grains & Oilseeds   0.4969***   0.4927***   0.4169***     
Livestock & Forest -0.0714  -0.1330* -0.1012 -0.0962    

Softs & Spices   0.4823***   0.4307***   0.3789***   0.3586*** -0.1130   

Index Futures   0.6693***   0.6699***   0.5708***   0.4776*** 0.0225   0.4110***  
Currency   0.6766***   0.6914***   0.5545***   0.4659*** -0.0266   0.4304***   0.8811*** 

Panel E:        

EUC Period       

Industrial Materials   0.5523***       
Precious Metals   0.5173***   0.5265***      

Grains & Oilseeds   0.4105***   0.4578***   0.3777***     

Livestock & Forest  -0.2629***  -0.2859***  -0.2838***  -0.3430***    
Softs & Spices   0.3819***   0.4843***   0.4055***   0.4556***  -0.2482***   

Index Futures   0.5826***   0.6559***   0.4460***   0.3693***  -0.2720***   0.4595***  

Currency   0.5885***   0.5941***   0.4317***   0.3612***  -0.2396***   0.4130***   0.8473*** 

Correlations for other agricultural markets with non-agricultural futures during the 

same period are also weak ( 0.3). During the GFC however, all correlations have become 

significant and increased in general indicating a potential integrity between agricultural 

and non-agricultural markets in a turbulent period. Energy market, which is weakly 

correlated (< 0.2 in Panel B) with index and currency markets during the pre-GFC period 

becomes considerably correlated during the GFC (around 0.5 in Panel C). This linkage has 

further increased (around 0.67) in Panel D during the inter-crisis period and dropped to 

values around 0.58 during the EUC period (Panel E). Therefore, it is evident that energy & 

fuels futures market is clearly affected by the GFC to become correlated with financial 
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markets. This is perhaps due to the fact that energy futures such as oil are more of a 

financial play against risk than other commodities.  

The correlations between precious metals market CHCF and non-commodity 

CHCFs (for index and currency markets) which are greater than 0.4 during the pre-GFC 

period (Panel B), dropped to values less than 0.4 during the GFC (Panel C). These 

correlations then increased to values above 0.5 during the inter crisis period (Panel D) and 

again dropped during the EUC period into values less than 0.5 (Panel E). Existence of 

lower correlations between precious metals with other market sectors during financial 

turmoil is consistent with the well-known safe haven role of precious metals documented 

in Baur and Lucey (2010). In contrast, the correlations corresponding to industrial 

materials sector CHCF with non-commodity markets increased during the GFC onwards 

(Panels C-E) compared with the pre-GFC period in Panel B. Overall, the unconditional 

correlation patterns illustrated in Table 5.11 lead to make the following important 

conclusions: 1) correlations across futures markets are time varying, and 2) the degree of 

investors’ speculation across commodity and non-commodity futures increased (except in 

precious metals) during the crisis periods. Furthermore, it should be noted that positive 

correlations between the currency market and other market sectors imply that the 

depreciation of the USD against foreign currencies has a potential positive impact on other 

market returns. 

 Conditional Correlations between Market Sectors 5.5.2

Unconditional correlation analysis in section 5.5.1 provides us a holistic view 

about the instantaneous information sharing across the futures markets. It is evident that 

correlations between these markets are affected by the global macroeconomic conditions. 

Therefore, this section extensively investigates the dynamics of correlations conditional on 

the time. In this context, I use the conditional correlations between all possible pairs of 

market sector CHCFs estimated using Dynamic Conditional Correlation GARCH (DCC-

GARCH) model introduced by Engle (2002). I consider the asymmetric specification of 

the DCC-GARCH model (ADCC (1,1,1)) in order to examine the leverage effect on 

conditional correlations between CHCFs. Following Engle (2002), first I define 

conditional covariance matrix of two markets sector CHCFs (say, i and j) such that, 

𝐻𝑖𝑗(𝑡) = 𝑉𝑖𝑗(𝑡)𝐶𝑖𝑗(𝑡)𝑉𝑖𝑗(𝑡) (5.7) 
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where 𝑉𝑖𝑗(𝑡) = 𝑑𝑖𝑎𝑔{√ℎ𝑖(𝑡), √ℎ𝑗(𝑡)} is a diagonal matrix of conditional standard 

deviations estimated from the TARCH(1,1,1) model in equation (5.6), and 𝐶𝑖𝑗(𝑡) is the 

conditional correlation matrix of autocorrelation filtered CHCFs in equation (5.5) such 

that, 

𝐶𝑖𝑗(𝑡) = [
1 𝑞𝑖𝑗(𝑡)

𝑞𝑖𝑗(𝑡) 1
]. (5.8) 

The matrix 𝐶𝑖𝑗(𝑡) is decomposed as 𝐶𝑖𝑗(𝑡) = 𝑑𝑖𝑎𝑔[𝑈𝑖𝑗(𝑡)]
−1/2

𝑈𝑖𝑗(𝑡)𝑑𝑖𝑎𝑔[𝑈𝑖𝑗(𝑡)]
−1/2

 

where 𝑈𝑖𝑗(𝑡) is the positive definite conditional variance-covariance matrix of 

autocorrelation filtered CHCFs of market i and j, 휀𝑖(𝑡) and 휀𝑗(𝑡) using equation (5.5). 

Then, the ADCC(1,1,1) model is given by, 

𝑈𝑖𝑗(𝑡) = 𝜛1 +𝜛2휀𝑖(𝑡 − 1)휀𝑡
′(𝑡 − 1) + 𝜛3𝐼(𝑡)휀𝑖(𝑡 − 1)휀𝑡

′(𝑡 − 1) + 𝜛4𝑈𝑖𝑗(𝑡 − 1) (5.9) 

where 𝜛1 = (1 − 𝜛2 −𝜛3 −𝜛4)�̅�𝑖𝑗 , and 𝐼(𝑡) is a dummy variable such that 𝐼(𝑡) = 1 if 

휀𝑖(𝑡) < 0 and 𝐼(𝑡) = 0 otherwise. Following Engle (2002) the unconditional variance-

covariance matrix, �̅�𝑖𝑗 is estimated as the second moment of 휀(𝑡) = [휀𝑖(𝑡), 휀𝑗(𝑡)] such 

that �̅�𝑖𝑗 = 𝐸[휀(𝑡)휀′(𝑡)]. The dynamic conditional correlations are finally given by, 

𝜌𝑖𝑗(𝑡) =
𝑞𝑖,𝑗(𝑡)

√𝑞𝑖,𝑖(𝑡)𝑞𝑗,𝑗(𝑡)
 (5.10) 

According to Engle (2002) the estimation of the model is done by a two-step maximum 

likelihood estimation using the likelihood function in the equation (5.11). 

𝐿𝑖𝑗 = −
1

2
∑ [2 log(2𝜋) + 2 log|𝑉𝑖𝑗(𝑡)| + 2 log|𝐶𝑖𝑗(𝑡)| + 휀′(𝑡)𝐶𝑖𝑗

−1(𝑡)휀(𝑡)]𝑇
𝑡=1  (5.11) 

The results of the estimated model parameters and conditional correlations are 

presented in Table 5.12 using the following panel structure. 

Panel A: Correlations between currency futures market sector CHCF and all other market 

CHCFs.  

Panel B: Correlations between index futures market sector CHCF and other markets 

excluding currency futures market CHCF. 

Panel C: Correlations between energy & fuels market sector CHCF and other commodity 

market CHCFs. 
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Panel D: Correlations between precious metals market sector CHCF and other commodity 

market CHCF excluding energy & fuels sector CHCF. 

Panel E: Correlations between industrial materials market sector CHCF and agricultural & 

livestock related market CHCFs. 

Panel D: Correlations between precious metals market sector CHCF and other commodity 

market CHCFs excluding energy & fuels sector CHCF. 

Panel E: Correlations between agricultural & livestock related market CHCFs. 

 I prioritize the currency markets on the top of others as all markets can be 

expected to be influenced by the fluctuations in the currency markets. The second level 

priority is assigned on the index futures as this can be considered as the most speculative 

and liquid futures market sector in the recent past. Among commodity markets, energy & 

fuel market is selected on the top, precious metals as the second, and industrial materials 

as the third with respect to their importance in speculations. Table 5.12 reports the 

estimation results of the ADCC(1,1,1) model in (5.9) corresponding to all panels 

mentioned above. 

It should be noted that the sum of the estimated coefficients represented by 

𝜛2 +𝜛3 +𝜛4 in Table 5.12 indicates the level of persistence in correlations. A higher 

level of persistence indicates a high volatility in correlation dynamics and therefore a 

lower rate of convergence to the equilibrium of long-run unconditional correlation. In such 

situations, the information sharing across CHCFs would not be consistent over the time. 

The results in Table 5.12 indicate that the persistence in correlations is common to all 

market sectors during 2005-2011 other than in the livestock and forest sector. The 

livestock & forest market indicates lower level of persistence in all pair-wise correlation 

models except for the correlation with currencies. This result is quite similar to the 

findings in Creti et al. (2013) where they find the lowest levels in persistence for live 

cattle and lean hog prices as far as the correlations of these commodities with S&P500 

index are concerned using spot rates during 2001-2011.  

In consistent with my results in Table 5.12, Creti et al. (2013) also document about 

a high degree of  persistence between stock market (S&P500 index) and commodity 

markets such as energy (oil, gas, electricity), precious metals (gold, silver, platinum, 

palladium), metals (copper, aluminium, zinc, tin, lead, nickel), and agricultural (corn, 

wheat, palm oil, soybean oil, cocoa, coffee, sugar, cotton). 
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Table 5.12: Estimation Results of ADCC(1,1,1) Model for 2005-2011 Period 

This table presents estimation results of the ADCC(1,1,1) model fitted for each pair of market sector CHCFs. All 

estimates are based on the full sample period from 1/1/2005 to 31/12/2011.  *, ** and *** denote significance at the 10, 

5 and 1% levels, respectively.  

Panel A: Correlation between Currency Market and 

    

 

Energy & 

Fuels 

Industrial 

Materials 

Precious 

Metals 

Grains & 

Oilseeds 

Livestock & 

Forest 

Softs & 

Spices 

Index 

Futures 

𝜛1 -0.0027*** 0.0020*** 0.0125*** -0.0035*** 0.0033*** 0.0026*** 0.0054*** 

𝜛2 0.0131** 0.0197* 0.0257 0.0046 0.0000 0.0008 0.0478*** 

𝜛3 0.0130* 0.0056 0.0000 0.0260** 0.0117 0.0331 0.0114 

𝜛4 0.9794*** 0.9708*** 0.9524*** 0.9765*** 0.9819*** 0.9613*** 0.9306*** 

𝜛2 +𝜛3 +𝜛4 0.9923 0.9765 0.9524 1.0025 0.9936 0.9944 0.9420 

Panel B: Correlation between Index Futures Market and 

    

 

Energy & 

Fuels 

Industrial 

Materials 

Precious 

Metals 

Grains & 

Oilseeds 

Livestock & 

Forest 

Softs & 

Spices 

 𝜛1 -0.0052*** -0.0010*** 0.0086*** -0.0051*** 0.2820*** -0.0031*** 

 𝜛2 0.0191*** 0.0218*** 0.014 0.0051 0.0471 0.0046 

 𝜛3 0.0251** 0.0205* 0.0161 0.0410*** 0.1192 0.0380** 

 𝜛4 0.9662*** 0.9596*** 0.9549*** 0.9642*** 0.2807** 0.9634*** 

 𝜛2 +𝜛3 +𝜛4 0.9913 0.9801 0.971 1.0052 0.3998 1.0013 
 

Panel C: Correlation between Energy & Fuel Market and 

    

 

Industrial 
Materials 

Precious 
Metals 

Grains & 
Oilseeds 

Livestock & 
Forest 

Softs & 
Spices 

  𝜛1 0.0012*** 0.0155*** -0.0004*** 0.0409*** 0.0044*** 
  𝜛2 0.0143** 0.0230** 0.0094 0.0205 0.0120** 
  𝜛3 0.0034 0.0000 0.0087 0.0000 0.0000 
  𝜛4 0.9800*** 0.9458*** 0.9826*** 0.8969*** 0.9792*** 

  𝜛2 +𝜛3 +𝜛4 0.9834 0.9458 0.9914 0.8969 0.9792 

  
Panel D: Correlation between Precious Metals Market and 

    

 

Industrial 
Materials 

Grains & 
Oilseeds 

Livestock & 
Forest 

Softs & 
Spices 

   𝜛1 0.0197*** 0.0025*** 0.0024*** 0.0041*** 
   𝜛2 0.0106 0.0067 0.0069** 0.0000 
   𝜛3 0.0115 0.0224 0.0047 0.0468 
   𝜛4 0.9400*** 0.9666*** 0.9843*** 0.9459*** 

   𝜛2 +𝜛3 +𝜛4 0.9515 0.9890 0.9889 0.9927 

   
Panel E: Correlation between Industrial Metals Market and 

    

 

Grains & 
Oilseeds 

Livestock & 
Forest 

Softs & 
Spices 

    𝜛1 -0.0027*** 0.2035*** 0.0033*** 
    𝜛2 0.0009 0.0414 0.0039 
    𝜛3 0.0146** 0.0049 0.0213 

    𝜛4 0.9897*** 0.5625*** 0.9684*** 

    𝜛2 +𝜛3 +𝜛4 1.0043 0.5674 0.9897 

    
Panel F: Correlation between Agricultural & Livestock Markets 

    

 

Grains & Oilseeds and 

Livestock & Forest 

Grains & Oilseeds and 

Softs & Spices 

Livestock & Forest and 

Softs & Spices  

    𝜛1  0.3123*** 0.0088*** 0.0332*** 

    𝜛2  0.1090** 0.0131* 0.0167 

    𝜛3 0.000002 0.0000 0.0000 
    𝜛4 0.2577 0.9691*** 0.9183*** 
    𝜛2 +𝜛3 +𝜛4 0.2577 0.9691 0.9183 

    

It is also evident from Table 5.12 that the symmetric effect from immediate shocks 

in correlations (𝜛2) and the leverage effect (𝜛3) are either insignificant or weakly 

significant for all pairs of market sectors. This implies that the correlation dynamics of 

market sector CHCFs are mainly driven by the long-term memory in conditional 

correlations rather than the short-term shocks. This supports the fact the proposed CHCF 
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represents the common variations in market sector returns rather than the short-term 

idiosyncratic variations. 

In order to get a better idea about the patterns in correlations between futures 

markets, I plot the pairwise conditional correlations corresponding to above mentioned 

panel structure in Figure 5.18. It is evident from Figure 5.18 that the conditional 

correlations are highly volatile throughout the period. This observation is consistent with 

the previous literature that study cross-correlations between commodities and non-

commodity markets. Evidence can be found for the existence of high and low volatility 

regimes in correlations especially during financial turmoil (Choi and Hammoudeh, 2010; 

Creti et al., 2013; Sadorsky, 2014). From Panel A to F in Figure 5.18, a common increase 

in variations of conditional correlations can be observed during crisis periods. Moreover, 

in most of the cases, a significant drop(s) in correlations appears during the GFC or (and) 

EUC periods. This can be due to the collapse in the stock markets that leads to loosen the 

conditional links across different market sectors in the short run. Creti et al. (2013) argue 

that such a decrease in correlations during times of high financial markets’ stress may be 

linked to a fight-to-quality phenomenon documented by Chong and Miffre (2010). When 

market risk rises, the benefits of diversification are appreciated and investors tend to 

choose commodities as refuge instruments (Chong and Miffre, 2010; Silvennoinen and 

Thorp, 2013). In addition, in the long-run, correlations indicate increasing trends for most 

of the CHCF pairs. This can be expected as a result of the financialization of commodities 

which leads commodity markets more integrated with non-commodity markets during 

recent two decades (Tang and Xiong, 2012). 

As far as individual sectors are concerned, Panel A in Figure 5.18 presents 

correlations between currency futures market sector CHCF and all other market sectors 

CHCFs. Overall, all correlations in Panel A are positive indicating that appreciations of 

exchanges rates against the USD
45

 leads to increase the returns of other markets’ futures. 

Supportive evidence for a similar finding can be seen in Labuszewski (2012). The highest 

degree of correlation in currency markets sector appears with the index futures markets 

indicating that the currency market fluctuations have a potential to immediately impact the 

index futures market and vice versa. In contrast, the lowest level of correlation of currency 

futures market CHCF is with the livestock & forest market sector CHCF. Therefore, 

                                                 
45 A higher value of currency market sector indicates a depreciation of the USD according to the factor correlations 

presented in section 5.3.8 
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livestock & forest market sector can be identified as the least influenced market by the 

currency futures market. The impact of GFC on correlations of currency futures with other 

sectors is evident in all markets except for precious metals and softs & spices sectors. 

Also, the impact of the EUC on these correlations is evident for all markets other than for 

the precious markets. Instead, precious metals and currency futures return correlations 

seem to be volatile during the inter-crisis period. Thus precious metals can be identified as 

a market with a different behaviour than the other markets especially in a crisis period. 

Considering the correlations of index futures market sector CHCF with commodity 

sector CHCFs in Panel B of Figure 5.18, the following market fundamental can be 

explained especially when considering the behaviours during the crisis periods. From a 

theoretical view point, the value of any asset is equivalent to its expected discounted cash 

flows. Consequently, price increase in raw materials and other inputs such as energy, 

industrial materials, and agricultural commodities lead to restraining profits due to rising 

production costs which eventually diminishes shareholder’s value. As a result, during 

periods of declining stock prices, correlations between stock and commodity markets tend 

to decrease and may lead to negative correlation values. When stock prices tend to 

increase corresponding correlations will have the potential to increase. This phenomenon 

is clearly evident from the correlations patterns in Panel B. In these graphs (except for 

correlations with the livestock & forest market), immediate falls in correlations can be 

observed during both crisis periods leading to a following period with high correlations. 

Similar results are evident from Creti et al. (2013) in correlations between S&P500 stock 

index and major commodity spot markets during the GFC period. However, livestock & 

forest sector CHCF correlations with the index futures do not follow the above mentioned 

fundamental, which may be due to the low persistence in correlations observed in Table 

5.12. Moreover, the correlations of precious metals sector CHCF with the index futures 

sector have been increasing during the pre-GFC period and faced a temporary drop during 

the GFC but not during the EUC period. Such a diminishing correlation pattern between 

precious metals and index futures sectors can be expected during a crisis period due to the 

safe-haven role of played by precious metals against stock market investments (Baur and 

Lucey, 2010). 
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Panel A: Conditional Correlations between Currency Market CHCF and Other Market Sector CHCFs 

Figure 5.18: Conditional Correlations among CHCFs 
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Panel B: Conditional Correlations between Index Futures Market CHCF and Other Market Sector CHCFs except the Currency Futures Market CHCF 

Figure 5.18: Conditional Correlations among CHCFs 
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Panel C: Conditional Correlations between Energy & Fuels Market CHCF and Other Commodity Sector CHCFs 

Figure 5.18: Conditional Correlations among CHCFs 
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Panel D: Conditional Correlations between Precious Metals Market CHCF and Other Commodity Sector CHCFs except Energy & Fuels Sector CHCF 

 
Panel E: Conditional Correlations between Industrial Materials Market CHCF and Agricultural & Livestock Sector CHCFs 

Figure 5.18: Conditional Correlations among CHCFs 
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Panel F: Conditional Correlations between Agricultural & Livestock Market Sub Sector CHCFs 

Figure 5.18: Conditional Correlations among CHCFs 

These figures illustrate conditional correlations estimated using ADCC (1,1,1) model for market sector CHCFs. Two shaded areas represent GFC during 2007/12/01 to 2009/6/30 

and Eurozone crisis (EUC) from 2010/04/01 onwards respectively. 
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With a focus on commodity markets, energy & fuel sector is expected to be linked 

with other commodity sectors since the energy prices drive transportation, production and 

storage related costs of other commodities. According to Panel C of Figure 5.18, it is 

evident that the above mentioned linkage has been strengthening until the GFC except for 

precious metals and livestock & forest market sectors. The conditional correlations of 

energy & fuels sector CHCF with industrial materials, grains & oilseeds, and soft & spices 

market CHCFs have been trending upwards during the first half of the GFC period. 

Correlations between industrial materials and energy & fuel sectors appear to remain even 

after the GFC while the same for grains & oilseeds and softs & spices sectors have started 

falling after the GFC. This finding helps us to explain how the change in energy market 

prices has affected prices of other commodities during the GFC period. On the other hand, 

EUC has caused to loosen these correlations temporarily. With evidence of these 

movements in correlations among commodity markets provide evidence for their 

deviations from the demand-supply fundamentals as documented in Nissanke (2012). 

Consistent with the results in Panel C, Du et al. (2011) documents that shocks in crude oil 

prices have triggered sharp price changes in agricultural commodity markets especially in 

the corn and wheat during the GFC. However, livestock and forest sector CHCF 

correlations in Panel C seems to deviate from the behaviour of other agricultural 

commodity correlations due to its low level of persistence in correlations evident from 

Table 5.12.  

Moving to correlations between precious metals sector and other non-energy 

commodity market CHCFs in Panel D, it can be observed that, mainly, non-trending but 

volatile correlation patterns across the time. These volatilities in correlations increase 

during crisis periods leading to a greater uncertainty in the values of contemporaneous 

correlations. In this regard, precious metal market cannot be expected to be the safe-haven 

for either industrial materials or agricultural commodity futures investments. In contrast, 

industrial materials sector indicates trends in correlations with the agricultural markets 

according to Panel E. Both grains & oilseeds and softs & spices markets indicate upward 

trends in correlations with the industrial materials sector CHCF. Existing literature also 

supports for simultaneous price increases in industrial and agricultural commodities 

especially during 2002-2008. For example, Nissanke (2012) documents that substantial 

increases in demands for these commodities by the emerging economies such as China and 

India caused to increase prices leading to an increase in correlations across the world 
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market prices. Correlation dynamics illustrated in Panel E of Figure 18 also support this 

argument due to the increasing trend between industrial materials and agricultural related 

commodities in long-run. However, livestock & forest sector CHCF does not support this 

argument due to the low persistence in dynamic correlations evident from Table 5.12. 

Moreover, correlations across agricultural and livestock market sub sectors illustrated in 

Panel F indicate that correlation between softs & spices and grains & oilseed sectors are 

trending upwards until the middle of GFC period. Thereafter, those correlations become 

highly volatile especially during the EUC and thus, the instantaneous information sharing 

among these markets has become ambiguous.  

5.6 Summary 

This chapter is focused on investigating commonality in returns of futures markets. 

In order to quantify the amount of common information that a set of futures return series 

carry across the time, I introduce a conditionally heteroscedastic common factor index in 

this chapter. This index is computed for each market sector separately in order to achieve 

the best explanatory power for the derived index. The novelty of the implementation of a 

common factor in this chapter can be justified in several ways. First, this is the first 

attempt that such a common factor is identified in futures market context which is based 

on the principle component theory. Second, I incorporate variance and covariance matrix 

conditional on time to compute the common factor without assuming a constant 

covariance matrix as in the conventional principle component analysis. Thus I could 

incorporate information related to daily returns, conditional variances, and correlations 

into the derived index which is named as Conditionally Heteroscedastic Common Factor 

(CHCF). Finally, the use of CHCFs to investigate underlying behaviours and relationships 

among futures market sectors would minimize errors caused by the random noises 

inherent to individual return series due to the existence of idiosyncratic variations.     

I use a sample of 179 futures under six market sectors, energy & fuels (8), 

industrial materials (8), precious metals (10), agricultural and livestock (55), index futures 

(70), and currency futures (38) traded on various futures exchanges worldwide that covers 

a time period from 2005 to 2011 in my empirical analysis in this chapter. I extract CHCFs 

for each market sector. Agricultural & livestock market is subdivided into three sectors 

namely, grains & oilseeds, livestock & forest, and softs & spices in order to achieve the 

best amount of explained variation. Using the percentages of variations explained by 
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computed CHCFs, I found that the index futures market returns indicate the highest degree 

of commonality. Also, the commonalities in returns of each market sector have been 

affected mainly by the GFC. The effect from the EUC on the commonality in futures 

returns seem to depend on the corresponding market sector.  

Empirical results in this chapter further reveal that volatilities of CHCFs are 

boosted due to the impact of GFC. Rate of change in market volatility is highest for the 

index futures market during the GFC period. EUC has also made an impact on increasing 

volatility of the futures markets but not severely as during the GFC period. In addition to 

univariate analysis of CHCFs, I performed a correlation analysis in order to examine how 

the information diffused by each market sector CHCF has been shared across markets. It is 

evident that the GFC has led to increase correlations among CHCFs temporarily. Dynamic 

conditional correlation analysis in this chapter provides evidences for increasing trends in 

correlations among most of the market sectors in long-run. Moreover, it is found that 

financial turmoil leads to relax linkages between commodity and non-commodity futures 

markets temporarily. The overall results corresponding to the dynamic conditional 

correlation analysis between market sector CHCFs show that the GFC has played a key 

role to make those correlations more volatile in line with findings documented by Creti et 

al. (2013). Apart from the impacts from financial crisis, results in this chapter generally 

indicate supportive evidence for growing contemporaneous market linkages between most 

of the commodity and non-commodity markets.  
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  CHAPTER 6

INFORMATION DIFFUSION IN 

FUTURES MARKETS 

6.1 Introduction 

The correlation dynamics presented in chapter 5 examine the contemporaneous 

relationships between market sector CHCFs. In addition, a market may respond to other 

markets’ fluctuations with a time delay due to the time taken for the information to flow. 

Vast literature is available where researchers have been studying about information 

diffusion among various types of markets. This chapter focuses on information diffusion 

in futures markets. In this literature, researchers have been using the Granger causality 

approach (Granger, 1969) to investigate the information diffusion of returns by examining 

the lead-lag relationships in means between financial time series. Another strand of 

literature documents the diffusion of information in terms of the spillover effect in 

volatility (shocks) which is initially studied by Hamao et al. (1990) and followed by many 

others. In addition to the information diffusions explained by the spillovers in means and 

volatility in returns, researchers have also been keen on investigating the spillovers in 

extreme downside risks between financial markets (Hong et al. (2009) among others).  

Apart from the conventional Granger causality approach, information diffusion is 

also examined using the impulse response functions developed by Koop et al. (1996) and 

others thereafter. One of the main advantages of the impulse response approach is its 

ability to investigate the impact of a shock in the future without depending on the past 

shocks unlike in conventional lead-lag relational approaches. Even though the literature on 

information diffusion process in financial markets is vast, little attention has been paid on 

the information diffusion process in futures markets. By filling this gap in the literature, I 

examine the information diffusion in futures markets using CHCFs developed in chapter 

5. The information diffusion in futures markets is investigated in this chapter using two 

approaches: 1) causality analysis which investigates lead-lag relationships between two 

markets 2) impulse response analysis which examines the impact of one market’s shock on 

the rest of the markets. 
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6.2 Causality Analysis 

Various methods have been used to test causality since Granger first introduced the 

concept of causality in 1969. The most widely used method is the vector autoregression 

model introduced by Sims (1972) which allows us to test the Granger causality in means, 

which is information spillover in levels of returns. Another class of causality tests has been 

introduced by Haugh (1976) based on cross correlations of standardized returns which is 

also capable of testing causality in means. Cheung and Ng (1996) extend this approach 

further to test the volatility spillover by considering cross correlations of squared 

standardized returns. Both of these cross correlation based approaches assume equal 

importance (weight) on the previous time lags. This equal weight assumption affects the 

power of those tests due to lower correlations in distance lags. As a remedy, Hong (2001) 

introduces a weighted sum of cross correlations method which gives a higher importance 

(weight) on nearer lags compared to distance lags. This approach can be used to test not 

only the causality in means but also the causality in variance. Furthermore, Hong et al. 

(2009) extend the cross correlation approach to examine the Granger causality in 

downside risk events namely extreme risk spillover. Motivated by the above mentioned 

evolution of cross correlations based approaches, I employ Hong (2001) and Hong et al. 

(2009) tests to investigate information spillovers corresponding to means, volatility, and 

downside risks in the futures markets using the CHCFs developed in chapter 5. 

Since CHCF mainly contain common information in each market, results of the 

Hong’s tests using CHCFs would suggest how the information common to a specific 

market would effect on other markets. This is the first time that the Hong’s test is applied 

in futures market context. Also, this is the first attempt of testing causality corresponding 

to common market information as opposed to individual asset specific information.   

 Hong’s Granger Causality Tests in Mean, Variance and Value-at-Risk 6.2.1

In this section, I study the spillover effect in mean, variance, and value-at-risk 

(VaR) between each pair of market sectors 𝑖 and 𝑗. Let 𝑀𝑖(𝑡) and 𝑀𝑗(𝑡) be the CHCFs for 

market sector 𝑖 and 𝑗 respectively. Also, let Φ𝑖(𝑡 − 1) and Φ𝑗(𝑡 − 1) be the information 

sets corresponding to 𝑀𝑖(𝑡) and 𝑀𝑗(𝑡) at time 𝑡 − 1 respectively, and Φ(𝑡 − 1) =

{Φ𝑖(𝑡 − 1),Φ𝑗(𝑡 − 1)}. As defined in Granger (1980) the causality of 𝑀𝑗(𝑡) on 𝑀𝑖(𝑡) in 

mean with respect to Φ(𝑡 − 1) can be tested by testing the null hypothesis of no causality 

in equation (6.1). 
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𝐸[𝑀𝑖(𝑡)|Φ𝑖(𝑡 − 1)] ≠ 𝐸[𝑀𝑖(𝑡)|Φ(𝑡 − 1)] (6.1) 

Moreover, according to Granger (1986), Cheung and Ng (1996), and Hong (2001) the 

causality in variance between 𝑀𝑖(𝑡) and 𝑀𝑗(𝑡) can be tested by testing the null hypothesis 

of no causality in equation (6.2). 

𝐸[(𝑀𝑖(𝑡) − 𝑚𝑖(𝑡))
2|Φ𝑖(𝑡 − 1)] ≠ 𝐸[(𝑀𝑖(𝑡) − 𝑚𝑖(𝑡))

2|Φ(𝑡 − 1)] (6.2) 

Here, 𝑚𝑖(𝑡) is the mean of 𝑀𝑖(𝑡) conditioned on Φ(𝑡 − 1). In order to test hypotheses in 

(6.1) and (6.2), Hong (2001) uses a cross correlation based test statistic based on the 

sample cross correlation function in equation (6.3), 

 𝑟𝑖𝑗(𝑙) = {𝐻𝑖𝑖(0)𝐻𝑗𝑗(0)}
− 

1

2𝐻𝑖𝑗(𝑙)  (6.3) 

such that 𝐻𝑖𝑗(𝑙) is the sample cross covariance between market sector 𝑖 and 𝑗 where, 

𝐻𝑖𝑗(𝑙) = 𝑇−1∑ 𝑢𝑖(𝑡)𝑢𝑗(𝑡 − 𝑙)𝑇
𝑡=𝑙+1  for 𝑙 ≥ 0 and 𝐻𝑖𝑗(𝑙) = 𝑇−1∑ 𝑢𝑖(𝑡 + 𝑙)𝑢𝑗(𝑡)

𝑇
𝑡=𝑙+1  for 

𝑙 < 0. 𝑇 is the total number of observations in each series. Also, 𝐻𝑖𝑖(0) = 𝑇−1∑ 𝑢𝑖(𝑡)
2𝑇

𝑡=1  

and 𝐻𝑗𝑗(0) = 𝑇−1∑ 𝑢𝑗(𝑡)
2𝑇

𝑡=1 .  Here, 𝑢𝑖 and 𝑢𝑗  are conditionally standardized residuals of 

CHCFs, 𝑀𝑖(𝑡) and 𝑀𝑗(𝑡) such that, 𝑢𝑖(𝑡) = ℎ𝑖
−1/2

(𝑡)[𝑀𝑖(𝑡) − 𝑚𝑖(𝑡)] and 𝑢𝑗(𝑡) =

ℎ𝑗
−1(𝑡)[𝑀𝑗(𝑡) − 𝑚𝑗(𝑡)]. I use an AR(1)-TARCH(1,1,1) model to estimate the conditional 

means 𝑚𝑖 and 𝑚𝑗, and the conditional variances ℎ𝑖 and ℎ𝑗 . 

Following Hong (2001), the causality in mean hypothesis in (6.1) can be tested 

using the test statistic in equation (6.4). 

Ω =
𝑇 ∑ 𝑘2(𝑗/𝐿)𝑟𝑖𝑗

2(𝑙)𝑇−1
𝑙=1 −∑ (1−𝑗/𝑇)𝑘2(𝑗/𝐿)𝑇−1

𝑙=1

√2[∑ (1−𝑗/𝑇)(1−(𝑗+1)/𝑇)𝑘4(𝑗/𝐿)𝑇−1
𝑙=1 ]

~𝑁(0,1) (6.4) 

Here,  𝐿 is a lag truncation number which is set to 15 (three working weeks) and 𝑘(𝑗/𝐿) is 

the kernel weighting function which is set to be Quadratic-spectral kernel in my study.
46

  

I compute the squares of the standardized residuals, 𝑣𝑖(𝑡) = ℎ𝑖
−1(𝑡)[𝑀𝑖(𝑡) −

𝑚𝑖(𝑡)]
2 − 1 and 𝑣𝑗(𝑡) = ℎ𝑗

−1(𝑡)[𝑀𝑗(𝑡) − 𝑚𝑗(𝑡)]
2
− 1, sample cross correlations in (6.3), 

                                                 
46

 I select 𝐿 = 15 as results are robust for values, 𝐿 = 10,15,20. The kernel function 𝑘(𝑗/𝐿) is also set to the 

Daniel kernel and the results are virtually similar. It should be noted that, I use the one-way causality test 

statistic in our study as in equation (6.4). See Hong (2001) for further information. 
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and the test statistic in (6.4) to test the causality in variance hypothesis in (6.2) (Hong, 

2001).  

Testing the causality in VaR is as follows. I consider the co-movements between 

left tails of the two distributions corresponding to the return series 𝑀𝑖(𝑡) and 𝑀𝑗(𝑡). 

According to Hong et al. (2009) the following null hypothesis in equation (6.5) of no 

causality in extreme downside risk is tested. 

Pr [𝑀𝑖(𝑡) < 𝑉𝑎𝑅𝑖(𝑡)|Φ𝑖(𝑡 − 1)] ≠ Pr [𝑀𝑖(𝑡) < 𝑉𝑎𝑅𝑖(𝑡)|Φ(𝑡 − 1)]  (6.5) 

Here 𝑉𝑎𝑅𝑖(𝑡) and 𝑉𝑎𝑅𝑗(𝑡) are the 𝛼-level value-at-risk of CHCFs of markets 𝑖 and 𝑗 

respectively conditioned on Φ(𝑡 − 1). By letting 𝑍𝑖(𝑡) ≡ 𝟏[𝑀𝑖(𝑡) < 𝑉𝑎𝑅𝑖(𝑡)] and 

𝑍𝑗(𝑡) ≡ 𝟏[𝑀𝑗(𝑡) < 𝑉𝑎𝑅𝑗(𝑡)], the sample cross covariance 𝐻𝑖𝑗
𝑍(𝑙) function between two 

indicator variables, 𝑍𝑖and 𝑍𝑗 can be defined as in equation (6.6) for 𝑙 ≥ 0, 

 𝐻𝑖𝑗
𝑍(𝑙) = 𝑇−1∑ [𝑍𝑖(𝑡) − �̂�𝑖]

𝑇
𝑡=𝑙+1 [𝑍𝑗(𝑡 − 𝑙) − �̂�𝑗]  (6.6) 

and as in equation (6.7) for 𝑙 < 0. 

   𝐻𝑖𝑗
𝑍(𝑙) = 𝑇−1∑ [𝑍𝑖(𝑡 + 𝑙) − �̂�𝑖]

𝑇
𝑡=𝑙+1 [𝑍𝑗(𝑡) − �̂�𝑗] (6.7)  

Then I can define the cross correlation function between 𝑍𝑖(𝑡) and 𝑍𝑗(𝑡) as in equation 

(6.8), 

𝜔𝑖𝑗(𝑙) = {𝐻𝑖𝑖
𝑍(0)𝐻𝑗𝑗

𝑍(0)}
−
1

2𝐻𝑖𝑗
𝑍(𝑙)  (6.8) 

where 𝐻𝑖𝑖
𝑍(0) = �̂�𝑖(1 − �̂�𝑖) and 𝐻𝑗𝑗

𝑍(0) = �̂�𝑗(1 − �̂�𝑗) such that �̂�𝑖 = 𝑇−1∑ 𝑍𝑖(𝑡)
𝑇
𝑡=1  and 

�̂�𝑗 = 𝑇−1∑ 𝑍𝑗(𝑡)
𝑇
𝑡=1  respectively. Then, the computation of the test statistic to test the 

causality in risk hypothesis in (6.5) is similar to Ω in equation (6.4), with 𝑟𝑖𝑗
2(𝑙) replaced 

with 𝜔𝑖𝑗
2 (𝑙) (Hong et al., 2009). Moreover, I use Engle and Manganelli (2004) CAViaR 

method to estimate 𝑉𝑎𝑅𝑖(𝑡) and 𝑉𝑎𝑅𝑗(𝑡) at 𝛼 = .05 with asymmetric slope quantile 

specification. This is the best approach among other models proposed in the same paper as 

well as in Hong et al. (2009). Using this method, 𝑉𝑎𝑅𝑖(𝑡) of market i can be illustrated as 

in equation (6.9), 

𝑉𝑎𝑅𝑖(𝑡) = 𝜍𝑖0 + 𝜍𝑖1𝑉𝑎𝑅𝑖(𝑡 − 1) + 𝜍𝑖2𝑀𝑖
+(𝑡 − 1) + 𝜍𝑖3𝑀𝑖

−(𝑡 − 1) (6.9) 
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where 𝑀𝑖
+(𝑡) = max (𝑀𝑖(𝑡), 0) and 𝑀𝑖

−(𝑡) = −min (𝑀𝑖(𝑡), 0). 

 Rejection of the null hypothesis of causality-in-mean in equation (6.1) implies that 

the information behind the fluctuations in returns of market j during the past 15 days has 

an impact (i.e. spillover effect) on today’s expected return of market i. In contrast, the 

rejection of the null hypothesis of causality-in-variance in (6.2) implies that the volatility 

shocks in market j during the past 15 days period have a significant impact (i.e. spillover 

effect) on today’s volatility of market i. Essentially, information behind market volatility 

is vital to the hedgers as it indicates the risk potential on the investments. Only the 

spillover effect in mean and variance do not fully explain the information spillovers in 

markets. The downside risk (risks due to the extreme events that cause prices to drop 

down unexpectedly) also plays a pivotal role in risk management due to the asymmetric 

effect of volatility. That is, a decrease in one market’s return may impact severely on 

another market’s return than the impact from an increase in returns of the same market. 

Therefore, the causality in VaR hypothesis in (6.5) helps us to justify specifically, whether 

the past information related to downside risk events in market j would cause to make 

downside risks in returns of market i.  

 Results of Hong’s Granger Causality Tests 6.2.2

I perform Granger causality tests demonstrated in section 6.2.1 for the full sample 

period from 2005 to 2011 as well as for all the sub-periods namely, pre-GFC, GFC, inter-

crisis, and EUC. These sample periods and the cross sectional sample of futures used to 

compute market sector CHCFs are consistent with chapter 5.  Respectively, Panel A-E of 

Table 6.1 presents causality in mean test results for the above mentioned sample periods. 

In Table 6.1, the significance of the causality effects from a column CHCFs to a row 

CHCFs are presented. For example, the Hong’s test statistic value corresponding to the 

Granger causality-in-mean from energy & fuel sector’s CHCF to industrial materials 

sector CHCF is -0.2682 which is not significant. 

According to Panel A in Table 6.1, as far as the full sample period is considered, 

precious metals sector can be observed as playing a major role in information spillover. 

That is, the price fluctuations in precious metals during the past 15 days Granger causes in 

mean the price fluctuations in all the other markets except on livestock & forest sector. 

This implies that there is a spillover effect from the precious metals sector to all the other 

sectors except livestock & forest. GFC has caused to break the link between precious 
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metals market with index futures markets (panel C). On the other hand, industrial 

materials, index futures (except in Panel C), and currency futures markets continuously 

read past information from the precious metals market (Panels B-E). Moreover, energy & 

fuels market has started to read past information significantly from the precious metals 

markets from the GFC period and continues up to the inter crisis periods but not during the 

EUC period. The significance of causality-in-mean from precious metal market on other 

major market sectors can be expected due to the speculative role played by the precious 

metal market. 

Table 6.1: Results of Granger Causality-in-Mean Test  

This table presents results for the causality in mean test using Hong (2001) approach for the full sample period and all 

sub sample periods. All causality tests are one-way and the direction has to be identified from a column CHCF to a row 

CHCF. .  *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. 

Causality in mean 

Energy & 

Fuel 

Industrial 

Materials 

Precious 

Metals 

Grains & 

Oilseeds 

Livestock 

& Forest 

Softs & 

Spices 

Index 

Futures 

Currency 

Futures 

Panel A: Full Sample        

Energy & Fuel 

 

-1.5180 11.3671*** 2.0950** 1.7420** 1.5579* -0.8899 -0.1269 

Industrial Materials -0.2682 

 

11.7851*** 3.2400*** -0.0601 -0.8782 0.4842 1.8436** 

Precious Metals 1.4290* -0.9584 

 

0.6266 0.4084 0.2308 -0.3903 -0.6084 

Grains & Oilseeds 1.2036 1.3002* 5.3334*** 

 

-0.6450 -0.8494 -1.0537 0.8274 

Livestock & Forest -0.6611 -1.1032 1.1201 0.0813 

 

0.7183 -1.2513 -1.3570 

Softs & Spices -0.2175 -0.6725 4.8065*** 7.3966*** 0.1349 

 

4.1310*** 5.1778*** 

Index Futures -0.6741 -0.9170 11.6004*** 1.2246 2.2418** 0.7665 

 

-0.6235 

Currency Futures 2.6282*** 0.5203 25.2370*** 3.4603*** 0.1160 -0.1550 5.9656*** 

 Panel B: Pre-GFC Period 

       Energy & Fuel 

 

-0.3861 0.8104 -0.3125 -0.2931 3.5948*** -0.9149 -1.0723 

Industrial Materials -1.1263 

 

4.6631*** 0.8622 -1.4949 -1.6357 -0.4557 1.8863** 

Precious Metals -1.0504 -1.2468 

 

-0.8257 -0.8414 -0.6853 -0.5113 -1.3169 

Grains & Oilseeds -0.5864 0.9971 1.5236* 

 

0.0839 0.0712 -1.3550 -0.7495 

Livestock & Forest 2.4269*** -0.0119 -0.5809 3.4797*** 

 

0.1935 1.6819** 0.6424 

Softs & Spices -0.9946 -0.7977 1.0603 2.1480** -0.9394 

 

3.4681*** 2.5477*** 

Index Futures -0.1343 -0.5762 4.3981*** 0.7636 -0.3534 0.4667 

 

-1.5730 

Currency Futures 2.6485*** 3.9215*** 12.4460*** 0.7013 -0.0541 0.4336 4.0162*** 

 
Panel C: GCF Period 

       Energy & Fuel 

 

-0.2821 2.6921*** 1.9126** 1.2497 0.0701 0.4140 0.6592 

Industrial Materials -0.7465 

 

3.6232*** 3.3751*** 2.0570** -1.2266 -1.3121 -0.6303 

Precious Metals 3.5777*** 1.0047 

 

1.1457 0.4582 0.1726 -0.1912 2.2889** 

Grains & Oilseeds 0.7502 1.1838 0.4756 

 

1.2696 -0.3881 -1.0454 -1.2172 

Livestock & Forest -0.9685 -0.0957 -1.0560 0.6757 

 

-0.1465 -1.2074 0.9683 

Softs & Spices -0.7374 1.0732 2.2976** 4.3519*** 2.5856*** 

 

0.4151 2.2602** 

Index Futures 0.1079 0.0980 -0.5864 -0.2635 0.6144 -1.3844 

 

0.3668 

Currency Futures 1.0699 1.5444* 2.3465*** 0.1762 -0.4131 -1.5205 1.1514 

 
Panel D: Inter-Crisis Period 

       Energy & Fuel 

 

-1.2150 2.9995*** -1.0165 -0.6367 -1.9294 -0.5770 -1.2975 

Industrial Materials -0.1944 

 

4.8687*** -0.2935 -0.3338 -1.4291 -0.3886 -1.1485 

Precious Metals 1.4588* 1.3875* 

 

-0.3090 -0.5316 -1.4425 -0.5841 -1.3208 

Grains & Oilseeds -0.4152 0.4558 1.0890 

 

-0.2264 -0.4805 -1.2265 -0.1524 

Livestock & Forest -0.0392 -0.1156 0.3849 -0.7162 

 

-0.1603 -0.5884 0.4707 

Softs & Spices -0.3491 0.0277 2.0604** -1.1722 -1.5956 

 

-1.2279 -0.8557 

Index Futures 0.8566 -0.4525 2.3535*** -0.6465 -0.2609 -1.1288 

 

0.0139 

Currency Futures 0.1176 -0.9049 3.9856*** -1.0045 0.3381 -1.7553 -0.9164 

 
Panel E: EUC Period 

       Energy & Fuel 

 

-1.9045 0.2780 -0.2314 0.1664 -0.9991 -0.8914 0.1292 

Industrial Materials -0.4246 

 

3.9913*** 1.4924* -0.6180 -0.7242 1.0651 -0.2800 

Precious Metals 1.3373* 0.0035 

 

-0.4684 0.3060 -0.5548 1.5437* 0.0455 

Grains & Oilseeds -0.9122 -1.8163 1.4920* 

 

-0.2028 -0.8729 -1.1518 -1.8488 

Livestock & Forest -0.4621 -1.1625 -0.4961 -0.3530 

 

-0.6832 -0.7804 0.0307 

Softs & Spices -1.8188 -0.9146 0.3780 2.2699** 0.6335 

 

-0.7261 -1.3668 

Index Futures -0.7301 -0.3399 3.7633*** 5.7384*** -0.0618 0.7433 

 

-0.5721 

Currency Futures -0.7295 -1.0704 3.4553*** 4.4652*** 0.4784 -0.2556 -0.3026 

 

Among the limited literature on cross-market causality, Pukthuanthong and Roll 

(2011) provide evidence for Granger causality from currency returns to returns on gold 
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using spot market data from 1971 to 2009. This finding is consistent with my findings 

where the precious metal futures market returns show a significant Granger causality on 

currency market return. Also, during the GFC, currency market shows a significant 

information spillover on precious metal markets (Panel C). In contrast, Miyazaki and 

Hamori (2012) documents that S&P500 index returns significantly Granger causes gold 

daily spot returns but the direction of the causality changes when using a spot market 

dataset during 2000-2011. This finding contradicts with my finding in Table 6.1 where 

precious metal market Granger causes index futures. The impact from the price variations 

in gold market on crude oil market during 2000-2008 is documented by Zhang and Wei 

(2010) which is consistent with the observed causality from precious metals market on the 

energy market in Table 6.1. Moreover, Qadan and Yagil (2012) show a significant 

causality-in-mean from volatility index (VIX) to gold futures indicating an information 

flow between the gold market and the investors’ fears. A similar reasoning can be given 

for the significant information spillover from the precious market CHCF to other market 

sectors illustrated in Table 6.1.  

Moving to other markets, grain & oilseed sector can be identified as another major 

market which actively transmits information that is implied by its causality-in-mean with 

other market sectors during the full sample period in Panel A.  It is evident from Panel B 

that, prior to the GFC, the grain & oil seed market was linked only with other agricultural 

& livestock sectors. However, during the GFC, grain & oilseed price fluctuations seems to 

become a source of information to the investors especially in energy & fuel and industrial 

materials market sectors (Panel C). In contrast, during the EUC, grain & oilseed market 

sector price changes have made an impact on the speculation on index futures and 

currency futures sector (Panel E). These results indicate the prominence of agricultural 

commodities markets during a financial turmoil. Two major reasons’ can be identified in 

this case for agricultural commodities playing a major role in transmitting information to 

other market sectors especially during a crisis. First, the spillover effect of volatile food 

prices has renewed interest in the establishment of food-market restrictions. Recently, 

countries have increased food subsidies, established price controls, and restricted exports. 

Between 2005 and January 2008, the price of wheat has increased by 143%, corn by 

105%, rice by 154%, sugar by 118%, and oilseeds by 197%.This tends to aggravate price 

volatility and spawns major market inefficiencies (Senauer, 2008). Second, rising bio fuels 

prices would cause a shifting of agricultural commodities from food toward fuel 
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production, which would then drive up agricultural commodity prices. For example, 

Abbott et al. (2011) report that, it took 27% of the 2010-2011 corn crop to meet the 

demand for corn to produce ethanol, compared to 10% for the 2005-2006 crop. In fact, it is 

not surprising that the speculation towards agricultural commodities has been increasing 

along with their impacts on other market sectors. 

Apart from the information spillovers in precious metals and grain & oilseeds 

markets, other markets seem to become inactive in transmitting information especially 

during the GFC period and afterwards. For example, the causality-in-mean from the index 

futures market to livestock & forest, softs & spices, and currency markets that are evident 

during the pre-GFC period (Panel B), has become inactive afterwards (Panel C-E). Energy 

& fuels market information Granger causes the precious metals market through the GFC 

period (Panel C-E) which may be due to potential hedging pressure on precious metals 

because of the uncertainties in energy markets during the turbulent period.  

Table 6.2 presents the causality-in-variance test results following the same panel 

structure in Table 6.1. Causality-in-variance results provide a different perspective about 

the information diffusion role of each market compared to Table 6.1. According to Panels 

A-C in Table 6.2, the currency market has become more active in volatility spillover to 

other markets until the GFC period and become inactive afterwards. It is inevitable for the 

currency market’s volatility being spilled over to other markets. Cronin (2014) recently 

documents that volatility spillover from dollar index to stocks and commodities are 

evident as well as time varying during 2001-2011. He also argues that the spillover effect 

becomes stronger during the turmoil which is consistent with my results until the GFC 

period (Panel B & C). However, my results contradict thereafter due to the non-

significance of causalities in variance from currency market to other markets during inter-

crisis and EUC periods (Panels D & E). 
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Table 6.2: Results of Granger Causality-in-Variance Tests  

This table presents results for the causality in variance test using Hong (2001) approach for the full sample period and 

all sub sample periods. All causality tests are one-way and the direction has to be identified by the causality effect 

from a column CHCF to a row CHCF. .  *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. 

Causality in mean 

Energy & 

Fuel 

Industrial 

Materials 

Precious 

Metals 

Grains & 

Oilseeds 

Livestock 

& Forest 

Softs & 

Spices 

Index 

Futures 

Currency 

Futures 

Panel A: Full Sample        

Energy & Fuel  2.9815*** 0.1275 0.1067 1.8141** 0.5794 0.9872 3.8153*** 

Industrial Materials 1.6327*  0.6439 -0.5532 0.3481 0.7083 2.6366*** 4.7533*** 

Precious Metals 3.7042*** 0.1969  0.7862 -1.5296 -1.2827 0.3290 5.1961*** 

Grains & Oilseeds 0.3412 0.0477 2.5479***  0.9879 -0.8784 -0.1353 -1.0522 

Livestock & Forest 0.4471 1.9011** 3.4186*** 0.4018  -0.4713 -0.0343 0.7536 

Softs & Spices 3.3839*** -0.1846 -0.4408 0.9570 7.5065***  -0.3721 -0.5173 

Index Futures -0.4165 -1.0571 1.8302** 5.2109*** -1.8518 1.8882**  3.9097*** 

Currency Futures 1.0396 -0.5606 -0.7539 1.6833** 2.8353*** -1.1282 9.5587***  

Panel B: Pre-GFC Period 

       Energy & Fuel  -1.2867 -0.9457 0.6444   6.4725*** -1.0317 -1.3029 0.4527 

Industrial Materials   2.2703**  -0.3785 -0.7698 -1.5600 0.0878 -1.8447   1.6385* 

Precious Metals   2.3578*** -1.5197  -0.2719 -1.7619 -0.6636 -1.8616   2.5301*** 

Grains & Oilseeds -0.8444 -1.5181 0.0095  -1.8201 -0.6848 -1.1634 -0.7536 

Livestock & Forest -0.3073 -1.0542 -1.8016 -0.9036  -1.2893 0.6381   2.1230** 

Softs & Spices -0.7927 -0.8082 -1.1811 0.0225 -1.6215  -0.8154 -1.3254 

Index Futures -1.2611 -1.3372 0.6185 -0.5536 -1.1790 -0.5831  -1.0999 

Currency Futures 0.1496 -1.2298 -0.6423 0.4984 -1.0758 1.1509   4.7730***  

Panel C: GCF Period 

       Energy & Fuel    2.0435** 0.9105   1.5726* -1.4144 0.4449 -0.3379   7.0467*** 

Industrial Materials 0.4028  0.6426   2.4378*** 0.1317 -0.7249 -0.0725 0.8323 

Precious Metals 0.3348   4.4769***  0.0168 -0.9683 0.8719 -0.7277   3.8072*** 

Grains & Oilseeds 1.1118 -0.8499 1.0947  -0.9810 -0.1012 -0.3963 -0.0597 

Livestock & Forest -1.3316 -0.3185 -0.8137 -0.9986  -1.7685 0.9117   1.5157* 

Softs & Spices   3.4801*** -0.5503   2.0960** -0.2091 0.7229  -1.2446   3.9721*** 

Index Futures 0.4982 0.6475 -0.1633 0.8180 1.2259 -1.0632  -0.1326 

Currency Futures   1.8543**   3.0815***   3.6767*** 0.6227 0.1006 -0.3449   1.7186**  

Panel D: Inter-Crisis Period 

       Energy & Fuel  -0.2947 -1.2338 -0.5373 1.0730 -1.2345 -0.9585 -0.9051 

Industrial Materials 0.1489  -1.6969 0.7508   3.4885*** 0.1230   3.2645*** 0.8611 

Precious Metals -1.5620 1.0040  -0.2601 1.2264 -0.5976 -0.4374 -0.7736 

Grains & Oilseeds 0.0134 1.2609 -0.0954    1.4716* 1.1000 -0.9730 -0.8263 

Livestock & Forest 0.5612 -0.8311 -0.0667   2.2753**  -0.0999 -0.6417 -0.9458 

Softs & Spices   1.5128* 0.3050 0.0322 -0.6663 -0.8396  -1.0911 -0.5639 

Index Futures -0.5614 -0.2189 -1.6067 -0.1431 0.0355 0.2934  1.1433 

Currency Futures -1.0871 -0.6109 -1.4182   1.9443** -0.4639 -1.4872 0.7102  

Panel E: EUC Period 

       Energy & Fuel  0.3861 -0.2015   1.8077** -0.9224 0.5189 -0.1827 0.1552 

Industrial Materials -1.0419    1.6459** -0.4223   1.4524* 0.8444 -0.9440 -1.3287 

Precious Metals   1.3871* -0.2635  -0.1821   2.6479***   1.4095* 0.4346 -1.2153 

Grains & Oilseeds 0.2613 0.9425 -0.8077  0.5281 -1.4435 -1.0110 -1.0773 

Livestock & Forest 0.9882 -0.0532 0.6700 -1.3068  0.3078 -0.4413 -0.9773 

Softs & Spices -1.0370 -0.0655 0.7575 -0.9171 -0.0717  -1.6199 -1.3077 

Index Futures -0.9416 0.9881 -0.2958   5.4728*** -1.0479 -0.4427  0.8526 

Currency Futures 0.3050   4.0879*** -0.1603   4.8306*** -0.0915 -0.4986 1.0406  

The role of precious metals has become less prominent in volatility spillover 

compared to causality in means. Full sample period results in Panel A in Table 6.2 indicate 

that volatility is spilled over from precious metals to agricultural & livestocks and index 

futures sectors. During the GFC in Panel C, several spillover effects from energy & fuel, 

industrial materials, and grain & oilseeds markets have become evident. More specifically, 

there is a volatility spillover effect from energy & fuel market to softs & spices and 

currency markets while the volatility in industrial materials market has been transmitted to 

energy & fuel, precious metals, and currency futures sectors. In consistent with Charlot 

and Marimoutou (2014), currency market’s volatility has a significant impact on precious 

metals. However this effect disappears after the GFC period (Panel D-E). Moreover, 

volatility in grains & oilseeds market has been transmitted to energy & fuel and industrial 
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materials markets (Panel C). These results indicate possible effects due to the hedging 

pressure on futures across different markets which support the transfer of risk during crisis 

periods as well. Cronin (2014) also provides supportive evidences for volatility spillover 

among energy and agricultural commodities using oil, corn, wheat, and soybean prices 

during 1986-2011. Overall, agricultural & livestock market volatility seems to be 

prominent during the EUC period (Panel E) compared to earlier sub periods.  

It should be noted that volatility alone cannot produce accurate estimates of market 

risk during volatile periods. Volatility includes both gains and losses in a symmetric way 

while financial risk is associated with losses but not profits. Thus, a more sensible measure 

of risk should be associated with extreme adverse market movements (Hong et al., 2009). 

Table 6.3 presents the results for causality-in-risk considering extreme downside 

movements (VaR) of market sector CHCFs. Panels A-E are arranged according to the sub 

sample periods similar to Tables 6.1 and 6.2. It is evident from Table 6.3 that there is no 

specific market which dominates the risk spillover effect during the full sample period in 

Panel A and pre-GFC period in Panel B. However, the results corresponding to the GFC, 

inter-crisis, and EUC periods indicate some extreme downside risk spillover effects across 

market sectors. Grain & oilseeds market transmits its downside risk event information to 

all other markets except the two sectors, precious metals and index futures during the GFC 

period in Panel C. During the same period, risk spillovers from livestock & forest sector to 

energy & fuels, grain & oilseeds, and currency markets are also noticeable.  

The story changes during the inter-crisis period where the industrial materials 

sector transmits the risk related information to all markets excluding grains & oilseeds and 

currency markets (Panel D). Furthermore, during the EUC, the precious metals market 

becomes the major source of downside risk spillover to all the other markets excluding 

grains & oilseeds and softs & spices. As far as the current literature on the VaR spillover 

effect is concerned there is no research to justify the above mentioned behaviour in risk 

spillovers corresponding to three commodity markets namely, grain & oilseeds, industrial 

materials, and precious metals. It seems that the fear sentiment in price drops has 

originated from the agricultural sector commodities, and then transmitted to other sectors 

such as, industrial materials and precious metals. 
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Table 6.3: Results of Granger Causality-in-Risk Tests  

This table presents results for the causality in risk test using Hong et. al. (2009) approach for the full sample period and 

all sub sample periods. All causality tests are one-way and the direction has to be identified as the causality effect from a 

column CHCF to a row CHCF.   *, ** and *** denote significance at the 10, 5 and 1% levels, respectively. 

Causality in mean 

Energy & 

Fuel 

Industrial 

Materials 

Precious 

Metals 

Grains & 

Oilseeds 

Livestock 

& Forest 

Softs & 

Spices 

Index 

Futures 

Currency 

Futures 

Panel A: Full Sample        

Energy & Fuel  -1.2172   2.3752*** -0.7010   1.7303** 0.1667 -0.6014 -0.4906 

Industrial Materials 0.5780  0.2313 -1.3468   1.9356** -0.5571 1.2495   2.7125*** 

Precious Metals -1.2319 1.0988    1.7433** -0.3028 -1.2702 0.9243 -0.1730 

Grains & Oilseeds -1.8306 0.6490 -0.9190  -1.3192 0.0493 -0.9233 -0.1313 

Livestock & Forest 0.3727 0.4037 -0.1800   1.4485*  0.9386   1.8410** 0.8956 

Softs & Spices   1.6264* 1.2270 -0.7449 0.4953   3.2942***  -0.9963 -0.9329 

Index Futures -0.5743 -0.8712 0.2842 -0.3965 -0.9504 0.2022  -0.3107 

Currency Futures -0.8955 -0.4485 -0.5052 -0.9699 -0.7171 0.6196 0.2952  

Panel B: Pre-GFC Period 

       Energy & Fuel  -0.2172 -0.7718 -0.7487 -0.1281 -0.0070 -0.4739 0.1918 

Industrial Materials 0.1600    2.8620*** -0.4785 -1.3859   1.4942*   1.4575*   2.1686** 

Precious Metals -1.5808 0.5231  -0.4934 0.2978 -0.8042   3.2079*** -0.8468 

Grains & Oilseeds -1.5859 -1.0784 -0.3402  -0.2614 0.2967 -0.9167 0.3225 

Livestock & Forest 0.3908 0.3101 -0.5984 -0.4803  -1.4807 -1.2491 -1.4456 

Softs & Spices -0.4115 -0.5529 0.2286 -0.7060 -0.9917  -0.2828 -1.1153 

Index Futures -0.3264 -0.5407 0.1170 -0.2413 0.8155 -0.8062  -0.5348 

Currency Futures 1.2645 -1.2505 0.0312 -0.0217 -0.4830 -0.5469 0.6438  

Panel C: GCF Period 

       Energy & Fuel  -0.1634 0.5800   1.6472**   2.6686*** -0.8616 -1.0347 0.5127 

Industrial Materials 0.1711  -1.0292   3.2789*** 0.8650 0.3950 0.7410 -0.7487 

Precious Metals -0.0475 -0.8427  0.3620 0.1709 0.3415 -0.2594 -0.8942 

Grains & Oilseeds 0.5806 -1.0709 0.0217    1.5073* -0.3870 -1.2382 0.4747 

Livestock & Forest 0.5494 0.2845 -0.4587   3.4465***  0.1239 -0.4277 1.2669 

Softs & Spices 0.4189 -1.4038 -0.3525   3.7333***   2.3684***  -1.1509 -0.6503 

Index Futures -0.8703 -1.3291 -0.8862 -0.6995 -0.4741 0.5620  -1.0551 

Currency Futures -0.7090 -0.9973 0.8193   3.1121***   1.4833* 0.0511 -0.2993  

Panel D: Inter-Crisis Period 

       Energy & Fuel    2.0459**   4.2042*** 0.7069 -1.1784 -1.0855 -0.4005 0.0260 

Industrial Materials -0.7752  -1.0313 -0.4465   1.5666* -0.9666 -0.8021 0.1790 

Precious Metals -1.1442   1.9863**    1.5091* -0.9475 -1.0863 -0.1155 -0.7452 

Grains & Oilseeds -0.5099 -0.9785 0.2654  -1.0544 -1.0663 -0.9010 -0.2908 

Livestock & Forest -0.2035   3.9418*** -0.5632 0.7874  -1.0092 -0.8425 -0.9724 

Softs & Spices -1.0007   1.6931** -0.2702 -0.9101 0.3636  -0.6948 -0.5616 

Index Futures -0.1476   3.0826*** -0.5233 0.2148 -0.2101 -1.1592  -1.1973 

Currency Futures -1.1709 -0.0720 -1.2656 0.2020 0.0818 -0.9400 -0.1258  

Panel E: EUC Period 

       Energy & Fuel  -0.7225   1.6848** -0.3799 -0.2882 0.0368 -1.4115 -0.5016 

Industrial Materials 0.1900    3.0084*** -0.2933 -1.1567 -0.1554   1.6910** -0.9542 

Precious Metals 0.5253 0.1148  0.0240 -0.9607 -0.6734 0.1081   5.2359*** 

Grains & Oilseeds -0.8841 -0.1765 0.3283  0.7387 -1.1151 -1.2175 -1.4247 

Livestock & Forest 1.1247 1.1468   2.2870** -1.0163  -0.3003 0.0075 0.0272 

Softs & Spices -0.9820 -0.4067 0.5695   3.5155*** -1.2392  -0.5131 -0.7807 

Index Futures -0.7078 -1.1438   1.3245* -0.4029 0.0119 0.1488  -1.0741 

Currency Futures -1.6828 0.4705   1.4013* 0.3533 -1.3104 1.0031 -0.4769  

Nevertheless, these results can be considered as consistent with the recent 

controversy related to the impact of speculation in commodity markets. Masters (2008) 

argues that buy-side demand from index funds has created a massive bubble in commodity 

futures prices, resulting food prices, and crude oil prices to far exceed from their 

fundamental values (“the Masters Hypothesis”). It is a well-known fact (also evident from 

section 5.3) that all commodity prices (cumulative returns) have met significant busts 

during the GFC leading the investors in commodity markets towards a downside risk fear. 

According to the results in Table 6.3, the transmission of the risk information has been 

initiated from the agricultural & livestock sector and then transferred to the industrial 

materials and precious metals sectors respectively. Moreover, several studies document 

supportive evidence for the risk spillover between stock and currency markets such as Lee 
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and Lee (2009) and Yang et al. (2014) among others. However, my results are not 

consistent with these studies as risk spillovers between index futures and currency market 

sectors are not significant in Table 6.3. 

6.3 Impulse Response Analysis 

The objective of this section is to examine to what extent a current shock to a 

particular futures market sector affects all the other market sectors (spillover to) on the 

following day. I also investigate the extent to which a market sector absorbs information 

from the previous day’s shocks of other markets (spillover from). It is clear from the 

Granger causality analysis in sector 6.2 that information spillover is time-varying and 

depends on the market conditions. Therefore, this section investigates the time-varying 

dynamics of the information inflows and outflows corresponding to futures market sectors. 

The difference between the Granger causality analysis and impulse response analysis is as 

follows. The Granger causality analysis examines the spillover effects from events that 

have already occurred in the past (ex-post) while the impulse response analysis considers 

the potential spillover of information (ex-ante) due to an immediate shock in a market. I 

quantify market specific information inflows and outflows individually with respect to the 

levels (mean spillover), conditional volatility (variance spillover), and downside risk (risk 

spillover) for each market sector CHCF. Diebold and Yilmaz (2012) propose a method to 

quantify the degree of volatility spillover from one market to other markets based on 

impulse response functions of vector autoregressive models. Motivated by this 

development I introduce three information spillover indexes in section 6.3.1 to measure 

the potential impacts of (from) previous day’s shock in levels, volatility, and risk on each 

market sector CHCF. 

 Construction of Information Spillover Indices 6.3.1

Sims (1980) evaluates the relative importance of error shocks on (linear) systems 

such as vector autoregressive (VAR) models on the future predicted economic variables 

by introducing impulse response functions. This method is not, invariant to the ordering of 

the variables in the VAR model, and improved further by introducing a generalized 

impulse response function by Pesaran and Shin (1998). Diebold and Yilmaz (2012) use 

this generalized framework of impulse response functions to introduce volatility spillover 

indices to measure interactions between financial markets. Acknowledging these 

developments, first I construct a spillover index to measure the impact from a random 
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shock in levels of a market sector CHCF on other markets and then extend the 

methodology to measure impacts of shocks from volatility and downside risks. 

Spillover Index for Means: 

Let’s consider a stationary 𝐾-variable VAR(𝑝) specification for a market sector 

CHCF, 𝑀(𝑡) = {𝑀1(𝑡),𝑀2(𝑡), … ,𝑀𝐾(𝑡)}.  

𝑀(𝑡) = ∑ 𝜑𝑙𝑀(𝑡 − 𝑙)𝑝
𝑙=1 + 휀(𝑡) (6.10) 

Here, 휀~(0, ℎ) is a vector of independent and identically distributed disturbances. 

Assuming covariance stationarity in 𝐾 × 𝐾 dimensional diagonal matrices 𝜑𝑙, the 

specification in (6.10) can be transformed into the moving average specification as in 

equation (6.11). 

𝑀(𝑡) = ∑ 𝐴𝑙휀(𝑡 − 𝑙)∞
𝑙=0   (6.11) 

where, 𝐾 × 𝐾 coefficient matrices corresponding to each lag 𝑙 with elements 𝐴𝑙 which 

obey the recursion 𝐴𝑙 = 𝜑1,𝐴,𝑙−1 + 𝜑2𝐴𝑙−2 +⋯+ 𝜑𝑝𝐴𝑙−𝑝 with 𝐴0 = 𝐼, and 𝐴𝑙 = 0𝐾×𝐾 

for 𝑙 < 0.  Pesaran and Shin (1998) introduce the generalized impulse response function 

for 𝑛-periods ahead as ℎ𝑖
−1/2

𝐴𝑛𝐻𝑒𝑖 where 𝐻 is the (𝐾 × 𝐾) error covariance matrix of the 

VAR(𝑝) with diagonal elements ℎ𝑖,  𝐴𝑛 is an (𝐾 × 𝐾) diagonal matrix of coefficients 𝐴𝑖,𝑛, 

and 𝑒𝑖 is a (𝐾 × 1) selection vector such that 𝑒𝑖 = 1 for the 𝑖𝑡ℎ market sector (i = 1,2,…K) 

and 0 otherwise. Similar to the approach used in Diebold and Yilmaz (2012), using the 

above mentioned impulse response function of VAR(𝑝), I quantify the 𝑛-periods ahead 

directional information spillover in levels received by the market 𝑖 from all other markets 

(𝑆𝐼𝑀𝑖
𝑖𝑛) as in equation (6.12). 

𝑆𝐼𝑀𝑖
𝑖𝑛(𝑛) = ∑ |ℎ𝑖

−1/2
𝑒𝑖
′𝐴𝑛𝐻𝑒𝑗|

𝐾
𝑗=1
𝑖≠𝑗

 (6.12) 

Similarly the 𝑛 periods ahead information transmission from market 𝑖 to all other markets 

can be represented as in equation (6.13). 

𝑆𝐼𝑀𝑖
𝑜𝑢𝑡(𝑛) = ∑ |ℎ𝑖

−1/2
𝑒𝑗
′𝐴𝑛𝐻𝑒𝑖|

𝐾
𝑗=1
𝑖≠𝑗

 (6.13) 
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Here, 𝑆𝐼𝑀𝑖
𝑖𝑛(𝑛) measures the total potential information inflow of market i for n number 

of days starting from 𝑡 + 1 (i.e., 𝑡 + 1, 𝑡 + 2,… , 𝑡 + 𝑛) due to the cumulative effect of the 

price shocks occurred at time t in other market sectors. In contrast, 𝑆𝐼𝑀𝑖
𝑜𝑢𝑡(𝑛) measures 

the potential information outflow from market i to all other markets for a period of n days 

starting from time t+1 as a result of its own price shock at time t. In this thesis, I consider 

a special case of 𝑛 = 1 and 𝑝 = 1. That is, I use 𝑆𝐼𝑀𝑖
𝑖𝑛(1) and 𝑆𝐼𝑀𝑖

𝑜𝑢𝑡(1) to measure the 

potential information inflow and outflow for the following day (𝑛 = 1, i.e.,  time 𝑡 + 1) 

corresponding to shocks in returns of a futures market sector, 𝑖 based on information 

available at time 𝑡 [i.e. for 𝑝 = 1 in equation (6.10)]. In order to capture time-varying 

dynamics of spillovers I rollover the computation of 𝑆𝐼𝑀𝑖
𝑖𝑛(1) and 𝑆𝐼𝑀𝑖

𝑜𝑢𝑡(1) using 200-

day windows which is consistent with the approaches used in Diebold and Yilmaz (2012) 

and Cronin (2014). 

Spillover Index for Volatility: 

Despite the information flows in mean due to the shocks in returns, determining 

how new information will affect the future expected volatility also plays a prominent role 

in pricing primary and derivative assets (Lin, 1997). Previous attempts of investigating 

such volatility transmissions using impulse response functions are available in Engle et al. 

(1990), Chan et al. (1991), Lin (1997), and Hafner and Herwartz (2006). I extend this 

strand of literature further by modifying the spillover index approach of Diebold and 

Yilmaz (2012) using GARCH based volatility impulse response functions which replaces 

the existing VAR framework. This will allow us to measure the volatility spillover instead 

of mean spillover measured by equations, (6.12) and (6.13).  

Let 휀𝑖(𝑡) be the residual from 𝑀𝑖(𝑡) − 𝑚𝑖(𝑡) and ℎ𝑖(𝑡) be the conditional variance 

of 𝑀𝑖(𝑡).
47

 Then, the volatility noise at time 𝑡 which is due to random shocks in market’s 

volatility can be identified as 𝜂𝑖(𝑡) = 휀𝑖
2(𝑡) − ℎ𝑖(𝑡). Being consistent with stationarity 

conditions in Engle et al. (1990), a multivariate volatility spillover model analogous to 

GARCH(1, 𝐾) specification can be illustrated as in equation (6.14). 

ℎ𝑖(𝑡) = 𝐶𝑖 + 𝐵𝑖ℎ𝑖(𝑡 − 1) + ∑ [𝐴1,𝑗 𝜂𝑗(𝑡) + 𝐴2,𝑗𝜂𝑗(𝑡 − 1)]𝐾
𝑗=1   (6.14) 

                                                 
47 Estimation of 𝑚𝑖(𝑡) is performed using AR(1) filtration to be consistent with sections 5.4 and 5.5. Conditional 

variance estimates corresponds to TARCH(1,1,1) specification in equation (5) of section 5.4.1. 



157 

Similar to the work in Engle et al. (1990), and Lin (1997) I compute one-day ahead (𝑡 +

1) impulse response function for market sector 𝑖 corresponding to one-unit shock in 

market 𝑗 at time 𝑡 [i.e.  𝜂𝑗(𝑡) = 1] as 𝐵𝑖𝐴1,𝑗 + 𝐴2,𝑗. Then, volatility spillover indices for 

market 𝑖 can be constructed as in equations (6.15) and (6.16) respectively for information 

inflow (𝑆𝐼𝑉𝑖
𝑖𝑛) and outflow (𝑆𝐼𝑉𝑖

𝑜𝑢𝑡). Computation of these indices is also based on 200-

day rolling windows.  

𝑆𝐼𝑉𝑖
𝑖𝑛 = ∑ |𝐵𝑖𝐴1,𝑗 + 𝐴2,𝑗|

𝐾
𝑗=1
𝑖≠𝑗

 (6.15) 

𝑆𝐼𝑉𝑖
𝑜𝑢𝑡 = ∑ |𝐵𝑗𝐴1,𝑖 + 𝐴2,𝑖|

𝐾
𝑗=1
𝑖≠𝑗

 (6.16) 

Here, 𝑆𝐼𝑉𝑖
𝑖𝑛 measures the total potential information inflow of market i at time t+1 due to 

the cumulative effect from the volatility shocks occurred at time t in the other market 

sectors. In contrast, 𝑆𝐼𝑉𝑖
𝑜𝑢𝑡 measures the potential information outflow from market i to 

all other markets at time, t+1 as a result of its own shock at time t.  

Spillover Index for Extreme Downside Risks: 

Next I construct a risk spillover index for downside risk because the behaviour of 

the tails may be different from that of the rest of the distribution in returns (Candelon et 

al., 2013). In order to construct an impulse response functions for the tail distribution I 

combine the conditional quintiles of Engle and Manganelli (2004) that is already used in 

section 6.2 with the volatility spillover model illustrated in equation (6.14). Thus, the risk 

spillover model for a conditional quantile 𝑞𝑖(𝑡) corresponding to the distribution of 𝑀𝑖(𝑡) 

can be illustrated as in equation (6.17). 

𝑞𝑖(𝑡) = Κ𝑖 + Θ𝑖𝑞𝑖(𝑡 − 1) + ∑ [Π1,𝑗 𝑀𝑗(𝑡) + Π2,𝑗𝑀𝑗(𝑡 − 1)]𝐾
𝑗=1   (6.17) 

The conditional quantile 𝑞𝑖(𝑡) is estimated explicitly using the approach in Engle and 

Manganelli (2004) with a 5% risk level.  The risk spillover model in (6.17) can be 

considered as a modified version of the vector autoregressive value-at-risk model 

introduced by White et al. (2013).
48

  Then, I derive one-day ahead impulse response 

function for market 𝑖 corresponding to one-unit shock on  𝑀𝑗(𝑡) in market 𝑗 as Θ𝑖Π1,𝑗 +

                                                 
48 Considering the simplicity in computation, I use two stage estimation of (6.17) where the conditional quantiles are 

estimated using Engle and Manganelli (2004) approach with CAViaR asymptotic slope method and use them to 

estimate the parameters in (6.17) by minimizing the total of mean absolute errors, 𝑞𝑖(𝑡) − �̂�𝑖(𝑡) such that �̂�𝑖(𝑡) is the 

estimate of 𝑞𝑖(𝑡) using the model in (6.17). 
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Π2,𝑗
49. Further, the spillover indices of downside risk can be computed using equations 

(6.18) and (6.19) for information inflow (𝑆𝐼𝑅𝑖
𝑖𝑛) and outflow (𝑆𝐼𝑅𝑖

𝑜𝑢𝑡) respectively. 

Computation of these indices is also based on 200-day rolling windows. 

𝑆𝐼𝑅𝑖
𝑖𝑛 = ∑ |Θ𝑖Π1,𝑗 + Π2,𝑗|

𝐾
𝑗=1
𝑖≠𝑗

 (6.18) 

𝑆𝐼𝑅𝑖
𝑜𝑢𝑡 = ∑ |Θ𝑗Π1,𝑖 + Π2,𝑖|

𝐾
𝑗=1
𝑖≠𝑗

 (6.19) 

Here, 𝑆𝐼𝑅𝑖
𝑖𝑛 measures the total potential information inflow of market i at time t+1 due to 

the cumulative effect from the shocks from extreme downside risks occurred at time t in 

the other market sectors. In contrast, 𝑆𝐼𝑅𝑖
𝑜𝑢𝑡 measures the potential information outflow 

from market i to all other markets at time t+1 as a result of its own shock due to an 

extreme downside risk at time t. 

 Results of Impulse Response Analysis 6.3.2

  Rolling sample plots of each type of spillover index are constructed to illustrate 

both information inflow and outflow indices corresponding to each market sector CHCF. 

Figure 6.1 illustrate spillover patterns corresponding to shocks on levels of CHCF (mean 

spillovers) while Figure 6.2 and 6.3 illustrate volatility and risk spillover patters. 

It is evident from Figure 6.1 that response to new information in all market sectors 

are time-varying and become more volatile during financial turmoil. The GFC has caused 

the energy market to lead the information outflow compared to other market sectors. This 

is indicated by the sharp increase in the outflow index of energy sector at the beginning of 

the GFC whereas other sectors have indicated this at a later time during the GFC. In 

Figure 6.1, it is very clear from the graph corresponding to index futures CHCF that the 

information inflow is way above the information outflow. This indicates that the index 

futures sector serve as an information receiver from other markets than an information 

provider. That is the index futures market rely on information about past shocks from 

other markets. This is something that we can expect as all the other sectors serve as inputs 

to the index futures sector. For example high energy prices may increase the cost of 

production and decrease profits. Eventually shareholder’s value of the firm will be 

                                                 
49 It should be noted that this is not a fully generalized impulse response function for conditional quantile models as I do 

not consider dynamics of  𝑀𝑗(𝑡) on the impulse response function. To the best of my knowledge, a generalized 

impulse response function for dynamic quantile models has not been introduced so far. The attempt I have made here 

is similar to the approach in White, Kim, and Manganelli (2013). 



159 

affected. Similar characteristics can be observed to some extent in the currency futures 

sector as well. However, currency market is relatively active in transmitting information 

compared to the index futures future especially during the EUC periods. This is mainly 

because of the effect of uncertainty in currencies on other asset prices. Energy & fuels 

market seems to be more responsive (i.e. receive information) to other markets’ shocks in 

prices during the EUC, but behaves as an information giver to other markets during the 

GFC.  

Among agricultural & livestock subsectors, grain & oilseeds market clearly 

indicates how informative its price shocks are to other markets especially during the GFC. 

Overall, according to the graphs for precious metals, industrial materials, and grain & oil 

seeds in Figure 6.1, their outflow graphs are mostly above the inflow graphs indices 

indicating that they serve as information sources about future socks to other markets. That 

is, other market sectors use this information on price shocks of commodity sector in 

predicting future shocks. 

According to Figure 6.2, the dominance of commodity market sectors serve as 

information sources for future volatility shocks to other markets. This characteristic is 

boosted during crisis periods. Currency and energy & fuel market information outflows 

are prominent during the GFC. Also, information outflows in energy & fuels, livestock & 

forest and soft & spices markets have increased during the Eurozone crisis unlike the other 

markets during the same crisis period. Index futures market mostly acts as a receiver about 

future volatility shocks. Currency market’s volatility has a potential to spread to other 

market sectors especially during financial turmoil. 

Figure 6.3 provides different evidence on the index futures markets indicating that 

downside risk events in index futures markets have an impact on other markets. That is, a 

downturn in index futures sector is more informative to other markets compared to the 

upward movements. On the other hand, energy and currency futures markets show a 

potential of being shocked from other markets’ downturns. EUC has made energy & fuels 

market highly responsive to the crashes in other markets than usual. The overall patterns in 

downside risk spillovers in Figure 6.3 reveal a major difference in behaviour compared to 

the mean and variance spillover patterns illustrated in Figures 6.1 and 6.2. This justifies 

the argument that the volatility alone cannot produce accurate estimates of market risk 

during volatile periods unless a proper measure of risk such as VaR is considered. 



160 

 

Figure 6.1: Mean Spillover Plots of Market Sector CHCFs 

This figure illustrates the mean spillover indices for each market sector CHCF using 200-days rolling windows. Information inflow index is computed using equation (6.12) and the information outflow index is 

computed using the equation (6.13). Each spillover index demonstrates the one day ahead impulse response of a particular market corresponding to a shock. Two shaded areas represent the GFC period from 1 
December 2007 to 30 June 2009, and the EUC from April 2010 onwards respectively. 
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Figure 6.2: Volatility Spillover Plots of Market Sector CHCFs 

This figure illustrates the volatility spillover indices for each market sector CHCF using 200-days rolling windows. Information inflow index is computed using equation (6.15) and the information outflow index is 

computed using the equation (6.16). Each spillover index demonstrates the one day ahead impulse response of a particular market corresponding to a shock. Two shaded areas represent the GFC period from 1 

December 2007 to 30 June 2009, and the EUC from April 2010 onwards respectively. 
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Figure 6.3: Risk Spillover Plots of Market Sector CHCFs 

This figure illustrates the risk spillover indices for each market sector CHCF using 200-days rolling windows. Information inflow index is computed using equation (6.18) and the information outflow index is 

computed using the equation (6.19). Each spillover index demonstrates the one day ahead impulse response of a particular market corresponding to a shock. Two shaded areas represent the GFC period from 1 

December 2007 to 30 June 2009, and the EUC from April 2010 onwards respectively. 
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It is a common observation from all three spillover indices that the GFC and EUC 

have made a significant impact on spillover patterns. The effect of GFC on spillovers is 

also documented by Diebold and Yilmaz (2012) using a dataset that represents stock, 

commodity, currency, and bond markets during 1999-2010. There findings suggest that 

volatility shocks in commodity markets have spilled over to currency and bond markets 

during the GFC. This is also consistent with our results as virtually all commodity market 

information outflows are boosted by the GFC. However, findings of Diebold and Yilmaz 

(2012) do not capture the effects from the Eurozone crisis due to the limitation of their 

dataset. A similar investigation carried out by Cronin (2014) using a dataset representing 

stock, currency, money markets (M2) during 2000-2012 also documents the impact of the 

GFC on information spillovers across markets. 

In sum, my results reveal that information content in commodity futures markets 

plays a major role during 2005 to 2011 period. Using the terms in Engle et al. (1990) it 

can be documented that a meteor shower in commodity markets will be spotted non-

commodity markets. This is also consistent with the findings from the Granger causality 

tests in section 6.2 as well as from the correlation dynamics in section 5.5. Such, 

synchronized price dynamics in commodity and financial markets is explained by market 

liquidity cycles in global finance, because, financial investors manage their portfolios at 

ease through virtual stocks holdings of commodities in derivatives such as futures 

(Nissanke, 2012). Nissanke (2012) argues that the link between financial and commodity 

markets has generated price volatility that is well in excess of what could be explained in 

the demand-supply fundamentals of an individual commodity. In consistent with this 

literature I document that the CHCFs proposed in this thesis carry vital information about 

futures market common factor returns. The commodity futures markets are affected by the 

speculation and significantly linked with non-commodity market sectors. This linkage is 

boosted due to various global business cycles such as GFC and EUC. 

6.4 Summary 

In this chapter I use the CHCF proposed in chapter 5 to investigate information 

diffusion across futures markets. Since the CHCF contains information common to a 

futures market sector, it is interesting to examine how this information is diffused across 

the other markets. I use the same sample of 179 futures used in chapter 5 in this chapter 

covering a time period from 2005 to 2011. The same set of CHCFs which represent six 
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market sectors, energy & fuels, industrial materials, precious metals, grain & oilseeds, 

livestock & forest, soft & spices, index futures, and currency futures have been used. 

Mainly, I adopt two methodological approaches to investigate the information diffusion in 

futures markets: 1) Hong’s tests of Granger causality, 2) Spillover index approach based 

on impulse response functions. Also, I examine spillovers in futures markets 

corresponding to the means, volatility, and extreme downside risks in CHCFs. The 

empirical analysis in this chapter also considers the impacts from two crisis periods: GFC 

and EUC. 

In Granger causality-in-mean analysis, I reveal that mainly, precious metals market 

Granger causes fluctuations in returns in other markets. In addition, agricultural sectors 

such as grains & oilseeds play a prominent role in information spillover corresponding to 

mean returns especially during the GFC. However causality-in-variance and causality-in-

risk tests provide mixed results on spillover effects in different time periods. For example, 

currency futures market plays an important role in transmitting volatility information to 

other markets during the GFC with respect to the results of causality-in-variance. In 

contrast, according to the causality-in-risk test, extreme downside risks in grains & 

oilseeds sector Granger causes most of the other markets during the GFC. Thus, results in 

this chapter justify that Granger causalities due to volatility and extreme risks tend provide 

different results supporting the asymmetric property in market volatility.  

 In addition to the Granger causality analysis, I compute rolling spillover indices 

which were based on impulse response functions to investigate how a shock in a particular 

market impacts other markets (information outflow) on the following day. The same 

approach is used to compute spillover indices and investigate how a market absorbs 

information from the shocks of other markets (information inflow) on the following day. 

In contrast with the Granger causality analysis which tests the causation from the past 

information of one market to the contemporaneous information of another market, 

spillover index approach examines the potential of spreading (receiving) information 

about recent shocks to (from) other markets on the following day. In this analysis, I found 

that index futures market acts as the main receiver of information related to both shocks in 

levels (mean spillover) and volatility from other markets. This behaviour is amplified 

during financial turmoil, GFC and EUC. However, the information spillover index 

corresponding to downside risk events provides contrasting evidence such that index 

futures market’s extreme risk events have a potential to impact on other markets. This 
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result justify that the market falls in index investment would accelerate speculations on 

commodity markets. However, in general, shocks corresponding to mean, volatility, or 

extreme downside risks in commodity markets can be seen as the main source of 

information diffused across futures markets. Therefore, I document that, information 

diffusion in futures markets is mostly driven by the commodity sector. 
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  CHAPTER 7

CONCLUSION AND FUTURE RESEARCH 

In this thesis, I investigate the efficiency, risk premiums, and information diffusion 

in futures markets. I consider both commodity and non-commodity market sectors to 

gather empirical evidence on these issues. This thesis contributes theoretically as well as 

empirically to the literature on futures markets and financial economics. Theoretical 

contribution is based on three novel developments: 1) a new market efficiency test in the 

presence of a time-varying risk premium, 2) a market efficiency index that quantifies the 

degree of efficiency of a futures contract, or group of contracts, 3) a common factor index 

to represent the fluctuations in levels and volatility of returns corresponding to a futures 

market.   

First I examine the efficiency in futures markets based on the theory of rational 

expectation demonstrated in chapter 2. In chapter 3, I introduce a new approach to test 

market efficiency that accounts for both time-varying risk premium and conditional 

heteroscedasticity. The conventional market efficiency tests so far in the literature are 

based on either risk neutral or constant risk premium assumptions as such they are biased 

towards the rejection of the market efficiency hypothesis especially for commodity 

futures. The time-varying risk premium is estimated using a state space model with a 

modified Kalman filter. Using a Monte Carlo simulation in chapter 3, I show that the 

proposed test produces robust and superior results against varying market conditions 

compared to the conventional approaches. By employing the proposed test I examine the 

efficiency of crude oil, corn, copper and gold futures and find that gold futures is 

inefficient throughout the sample period 2000-2011 while others are efficient especially 

after the global financial crisis (GFC) in 2008. Moreover, the proposed model for testing 

market efficiency provides estimates of time-varying risk premiums for futures contracts. 

Using the estimated risk premiums I demonstrate that crude oil, copper, and gold futures 

carry positive risk premiums after the GFC while corn futures carry a negative risk 

premium. Economic implications of these results are extensively discussed in chapter 3.   

Second, I introduce an efficiency index for futures markets in chapter 4 which is 

based on the efficiency test proposed in chapter 3. The proposed efficiency index accounts 

for information from a series of time lags prior to the contract maturity instead of limiting 
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to information from a single time point as in the conventional efficiency testing. The 

information content of each time lag is weighted using a kernel based approach as a 

decreasing function towards the maturity to overcome potential biases due to the 

theoretical convergence of futures prices to its spot price. I use the proposed efficiency 

index to re-examine the market efficiency of a cross sectional sample of 202 futures 

representing six market sectors. The dataset covers a time period from year 2000 to 2011. 

Results for market efficiency and risk premiums are compared by the market sectors, 

futures exchanges and regions. I identify the market sector as a key factor, exchanges and 

regions as minor factors that affect the risk premium. I found significant differences in risk 

premiums across the market sectors but not in efficiencies. I also found that risk premiums 

moved significantly towards positive values after the GFC irrespective to their prior state. 

This suggests a regime shift in futures risk premiums as a result of the GFC. Positive risk 

premiums indicate normal backwardation in futures markets in line with Keynes (1930). 

The theory of normal backwardation of Keynes (1930) and Hicks (1939) assumes that 

commodity producers and inventory holders hedge future spot price risk by taking short 

positions in the futures market. However, recent increases in the risk premiums would not 

be able to justify by this traditional theory. Instead Gorton et al. (2013) empirically justify 

that futures risk premiums are related with price-based signals such as basis, prior futures 

excess returns, prior spot price changes, and spot price volatility. This would be a more 

sensible reason for the significant shift in futures risk premiums after the GFC.    

  Third, I propose a common factor for futures markets in chapter 5 that explains 

the common variations in a market and also accounts for conditional heteroscedasticity in 

returns. Developed factor is named as the conditionally heteroscedastic common factor 

(CHCF). I extract CHCFs for market sectors, energy & fuels, industrial materials, precious 

metals, and agricultural & livestocks. Agricultural & livestock market is subdivided into 

three sub sectors namely, grains & oilseeds, livestock & forest, and softs & spices in order 

to obtain the best amount of explained variation by the underlying CHCFs. I found that the 

index futures market returns indicate the highest degree of commonality within the market 

according to the values of variation explained by CHCFs. Also, the commonalities in 

returns corresponding to each market sector have been affected mainly by the GFC to 

temporarily decrease and then to increase afterwards. Results in chapter 5 also reveal that 

conditional variances of CHCFs are amplified due to the GFC. EUC has also made an 

impact to increase conditional variances but not severely as in the GFC. Dynamic 
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conditional correlation analysis in chapter 5 provides evidences for increasing trends in 

correlations among market sectors in long-run. Financial turmoil temporary relaxes 

linkages among almost all futures markets.  

In chapter 6, I employ the proposed CHCFs of all market sectors to investigate 

information diffusion in futures markets. In this regard, I used two approaches namely, 1) 

Granger causality analysis using Hong’s tests, and 2) Rolling spillover index approach 

based on impulse response analysis. Granger causality analysis reveals that mainly, 

precious metals and grains & oilseeds have major impacts on other market fundamentals 

corresponding to mean returns especially during crisis periods. In contrast, causality-in-

variance and causality-in-risk tests in chapter 6 provide mixed results on spillover effects 

during different time periods. More specifically, currency futures market plays an 

important role in transmitting volatility information (causality-in-variance) to other 

markets during the GFC. On the other hand, according to the causality-in-risk test, 

extreme downside risks in grains & oilseeds sector Granger causes most of the other 

markets during the GFC. 

Rolling spillover indices based on impulse response analysis computed in chapter 

6 justifies the findings of Granger causality tests further. In general, information spillovers 

across markets are significantly amplified mainly during the GFC period and then during 

the EUC period. Commodity markets’ role of information transmission to other market is 

significant. The shocks that occur in commodity markets have significant impact on other 

markets on the following day. This is a common finding corresponding to information 

spillover in mean, volatility and extreme downside risks. These results let me to conclude 

that the commodity markets play a significant role in futures investments on speculation 

and hedging.  

Having achieved all the objectives stated in section 1.3 by chapter 3, 4, 5, and 6 in 

this thesis, I would like to document that the GFC in 2008 has made the major impact on 

futures markets globally. The GFC has affected mainly on the futures risk premiums by 

shifting them to high value regimes with a potential of attracting investors for hedging 

purpose. The possible reason behind the observed boost in risk premiums due to the GFC 

can be justified using the results in section 5.4 where market volatilities of all sectors have 

been proved to be extremely high during the turbulent period. Extreme volatility during 

the financial turmoil clearly justifies the existence of excess volatility in futures markets 



169 

due to investors’ fears. How the financialization process has given such an excess 

volatility to market fundamentals is debatable. Nissanke (2012) suggests that, as far as 

commodity markets are concerned, unregulated derivatives markets and dealings 

overpopulated by financial investors with little interest in physical commodities have 

increased the likelihood of generating excessive volatility. Eventually, investors in 

physical commodities could not rely on price signals from futures markets for making 

their informed decisions. As a result, futures markets would deviate from their intended 

function of price discovery and risk hedging for physical stakeholders. In fact, commodity 

markets would violate the conventional theory of normal backwardation of Keynes (1930) 

and Hicks (1939).   

The impact from an unreliable futures market on commodity prices is crucial. High 

vulnerability in commodity prices is critical as cost-push inflation led by unstable strategic 

commodities such as energy products and foods (Nissanke, 2012). Especially low-income 

countries are affected due to such instability in commodity prices. In this context, the US 

Commodity Futures Commission has undergone a series of hearings to reconsider 

regulatory measures over commodity derivatives such as oil, natural gas, gold, silver, and 

grain markets (see US Subcommittee (2009) for details). The impact of these regulatory 

changes has not yet been extensively studied in the literature. Therefore, future research 

can be focused on the problem that how effective these regulatory changes are to stabilize 

futures markets against the financialization process. In the case of commodity markets, 

especially for storable commodities, levels of inventories are a significant factor in face of 

rapidly shifting market fundamentals. Also, export quota allocation or other supply 

management strategies may help the stabilization processes. Investigating the 

effectiveness of such strategies also leave space for future research. Moreover, economic 

and social impact of financialization of commodities on developing countries would be 

important to be investigated in future research. On the other hand, from the perspective of 

financial futures, the effect of short-selling on market efficiency and the impact of 

European regulations in September 2008 etc. on short-selling seem to be in debate by 

recent research (see for example, Bernal, et. al., 2014 and Chang, et. al.,  2014). Future 

research can also be focused on this research area with the help of the proposed market 

efficiency index in chapter 4.  

In this thesis, I mainly consider the nearest futures prices in my empirical 

investigation as they are believed to be highly active and liquid in the market. Findings of 
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this thesis are therefore limited to the information content in the nearest futures prices. 

However, future research based on further contracts other than the nearest may help to 

understand to what extent the market fundamentals are consistent across the time and to 

what extent they are affected by the crisis periods over longer term structures. Moreover, 

in this thesis I do not consider the impact of contract specifications on the market 

efficiency and risk premiums in futures. However, the development time and costs 

expended by exchanges in designing new futures contracts can be quite substantial. 

Exchanges maximize the profitability of these contracts for their members by trying to 

match the preferences of public hedgers and speculators (Silber, 1981). Therefore, future 

research may focus on studying the impact of the innovative features in contracts 

specifications on efficient pricing. I believe that the market efficiency test proposed in 

chapter 3 and the efficiency index proposed in chapter 4 shed a light to researchers in this 

context.  

From the methodological point of view, simultaneous futures prices corresponding 

to multiple maturities may also be used for the proposed efficiency index proposed in 

chapter 4 instead of using multiple lags of the same contract. Similarly, prices from 

simultaneous contracts can be used to construct a futures contract specific CHCF by 

adopting the same methodology developed in chapter 5 in addition to the proposed market 

specific CHCF index. These methodological developments can also be considered for 

future research. Moreover, proposed CHCF is solely based on the information in futures 

return correlations. That is, highly correlated series contribute more to the underlying 

CHCF. Thus a CHCF mainly represents the systematic component of the returns 

corresponding to a market sector. In contrast, the commonality in liquidity has already 

been studied in Marshall et. al. (2013) among others. Thus, as an extension to the 

proposed CHCF in this thesis, one may introduce a liquidity adjusted common factors 

using a variable such as Amihud liquidity measure instead of returns.   

Finally, this thesis has offered a both methodological contribution and empirical 

evidences by adding a significant value to the existing strand of literature corresponding to 

futures markets. Also, novel methodologies developed in this thesis would help financial 

economists and technical analysts to build applications even for other financial markets. 

Thus, I hope that the content of this thesis and publications based on this thesis would help 

both researchers and participants in general. While leaving a space for the above 
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mentioned avenues of future research, I strongly believe that this thesis has made a 

significant contribution for the existing literature. 
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APPENDIX A: RESULTS OF THE SIMULATION EXPERIMENT AT LAG = 10 

Table A1: Simulation Results: The size test results corresponding to an efficient market i.e., 1,j = 1 

This table repeats the simulation excrement in section 3.4 for lag 10 and compares the performance of the proposed test (PROP) with the conventional tests (TEST1-

TEST3) discussed in section 3.3. Here, the time-varying property of the risk premium is modelled by varying 𝛾1,𝑗in equation (3.5). The degree of the conditional 

heteroscedasticity of spot prices is introduced by varying the parameters 𝜑1,𝑗  and 𝜑2,𝑗 in equation (3.8). Results are based on 5000 simulation runs from an efficient 

market,  𝛽1,j = 1, where the data is generated using the DGP in equations (3.4)-(3.8). 

𝛾1,j N 
% of acceptance of efficient market 

hypothesis  at 5% Level 
Mean (Stdev) of �̂�1,j Residual [휀�̂�(𝑡𝑖,𝑗)] RMSE 

𝜑1,j = 0.2, 𝜑2,j = 0.6 TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP 

0 120 66.52 57.72 94.02 94.72 0.974 (0.019) 0.981 (0.025) 1.001 (0.004) 1.001 (0.002) 0.0602 0.0605 0.0584 0.0596 

0 240 66.70 64.80 93.86 96.26 0.987 (0.010) 0.992 (0.010) 1.000 (0.002) 1.000 (0.002) 0.0634 0.0636 0.0611 0.0623 

0 480 67.40 72.20 91.16 96.48 0.994 (0.005) 0.996 (0.004) 1.000 (0.002) 1.000 (0.001) 0.0648 0.0649 0.0620 0.0634 

0.5 120 66.12 58.46 93.74 94.06 0.975 (0.019) 0.981 (0.027) 1.001 (0.003) 1.001 (0.002) 0.0601 0.0604 0.0584 0.0595 

0.5 240 65.08 62.96 92.72 95.98 0.987 (0.010) 0.992 (0.011) 1.001 (0.002) 1.001 (0.002) 0.0631 0.0634 0.0611 0.0622 

0.5 480 67.64 71.18 90.32 96.12 0.994 (0.005) 0.996 (0.004) 1.000 (0.002) 1.000 (0.001) 0.0651 0.0653 0.0621 0.0638 

0.7 120 66.16 58.54 92.84 94.20 0.974 (0.019) 0.981 (0.025) 1.001 (0.003) 1.001 (0.002) 0.0607 0.0610 0.0588 0.0601 

0.7 240 65.96 64.00 90.86 95.16 0.987 (0.010) 0.992 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0629 0.0631 0.0607 0.0619 

0.7 480 68.46 72.56 87.10 95.18 0.994 (0.005) 0.996 (0.004) 1.000 (0.002) 1.001 (0.002) 0.0650 0.0652 0.0622 0.0638 

𝜑1,j = 0.6, 𝜑2,j = 0.2             

0 120 69.38 53.74 94.08 95.42 0.974 (0.019) 0.978 (0.019) 1.001 (0.002) 1.001 (0.002) 0.0675 0.0677 0.0663 0.0669 

0 240 68.70 60.52 94.36 95.54 0.987 (0.009) 0.989 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0692 0.0693 0.0676 0.0682 

0 480 70.38 66.22 92.26 95.44 0.994 (0.005) 0.994 (0.005) 1.000 (0.002) 1.000 (0.002) 0.0698 0.0698 0.0676 0.0684 

0.5 120 69.64 54.28 92.94 94.94 0.974 (0.019) 0.978 (0.019) 1.001 (0.002) 1.001 (0.002) 0.0676 0.0678 0.0664 0.0670 

0.5 240 67.92 60.00 92.88 95.64 0.988 (0.009) 0.989 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0690 0.0691 0.0675 0.0680 

0.5 480 68.00 64.76 91.88 95.26 0.994 (0.005) 0.994 (0.005) 1.000 (0.002) 1.000 (0.002) 0.0699 0.0700 0.0679 0.0686 

0.7 120 68.50 54.78 93.30 95.12 0.974 (0.018) 0.977 (0.021) 1.001 (0.002) 1.001 (0.002) 0.0676 0.0677 0.0664 0.0670 

0.7 240 67.78 58.72 92.98 95.06 0.987 (0.009) 0.989 (0.010) 1.001 (0.002) 1.001 (0.002) 0.0688 0.0689 0.0673 0.0679 

0.7 480 69.16 65.98 89.62 94.90 0.994 (0.005) 0.994 (0.005) 1.001 (0.002) 1.001 (0.002) 0.0698 0.0698 0.0678 0.0685 

𝜑1,j = 0.1, 𝜑2,j = 0.1             

0 120 69.74 52.68 93.24 96.04 0.974 (0.018) 0.977 (0.019) 1.000 (0.001) 1.000 (0.002) 0.0346 0.0347 0.0321 0.0323 

0 240 69.18 54.44 91.32 94.76 0.987 (0.009) 0.988 (0.009) 1.000 (0.001) 1.000 (0.001) 0.0350 0.0350 0.0322 0.0324 

0 480 68.78 56.12 89.74 92.96 0.993 (0.005) 0.994 (0.005) 1.000 (0.001) 1.000 (0.001) 0.0351 0.0352 0.0323 0.0323 

0.5 120 69.42 54.08 94.22 96.74 0.974 (0.018) 0.976 (0.018) 1.000 (0.001) 1.000 (0.001) 0.0311 0.0311 0.0281 0.0285 

0.5 240 69.10 55.66 93.74 95.66 0.987 (0.009) 0.988 (0.009) 1.000 (0.001) 1.000 (0.001) 0.0313 0.0314 0.0282 0.0283 

0.5 480 68.88 55.28 92.78 93.94 0.993 (0.005) 0.994 (0.004) 1.000 (0.000) 1.000 (0.001) 0.0315 0.0315 0.0282 0.0283 

0.7 120 68.88 51.14 91.38 95.44 0.974 (0.018) 0.977 (0.018) 1.000 (0.001) 1.001 (0.001) 0.0346 0.0346 0.0321 0.0323 

0.7 240 69.26 55.62 88.78 93.28 0.987 (0.009) 0.988 (0.009) 1.000 (0.001) 1.000 (0.001) 0.0350 0.0350 0.0322 0.0323 

0.7 480 69.02 56.26 83.10 89.22 0.993 (0.005) 0.994 (0.005) 1.000 (0.000) 1.000 (0.001) 0.0352 0.0352 0.0323 0.0323 
𝜑1,j = 0.001, 𝜑2,j = 0.001             

0 120 69.28 52.06 93.76 96.04 0.974 (0.018) 0.977 (0.019) 1.000 (0.001) 1.000 (0.001) 0.0346 0.0346 0.0321 0.0323 

0 240 68.70 52.94 91.82 95.08 0.987 (0.009) 0.988 (0.009) 1.000 (0.001) 1.000 (0.001) 0.0350 0.0350 0.0322 0.0323 

0 480 70.02 57.48 88.92 91.84 0.993 (0.005) 0.994 (0.005) 1.000 (0.001) 1.000 (0.001) 0.0351 0.0352 0.0323 0.0323 

0.5 120 69.80 54.02 92.98 96.10 0.973 (0.018) 0.976 (0.019) 1.000 (0.001) 1.000 (0.001) 0.0310 0.0311 0.0282 0.0284 

0.5 240 69.94 56.00 91.98 94.68 0.987 (0.009) 0.988 (0.009) 1.000 (0.001) 1.000 (0.001) 0.0314 0.0314 0.0283 0.0284 

0.5 480 68.82 55.36 89.04 91.52 0.993 (0.005) 0.994 (0.004) 1.000 (0.000) 1.000 (0.001) 0.0315 0.0315 0.0283 0.0284 

0.7 120 69.10 53.90 91.20 95.18 0.974 (0.018) 0.977 (0.019) 1.000 (0.001) 1.000 (0.001) 0.0310 0.0310 0.0281 0.0284 

0.7 240 70.02 56.78 87.92 92.70 0.987 (0.009) 0.988 (0.009) 1.000 (0.001) 1.000 (0.001) 0.0313 0.0313 0.0282 0.0284 

0.7 480 70.14 56.40 81.28 86.60 0.993 (0.005) 0.994 (0.004) 1.000 (0.000) 1.000 (0.000) 0.0315 0.0315 0.0283 0.0283 
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Table A2: Simulation Results: The power test results corresponding to an inefficient market, 1,j  ≠ 1  

This table repeats the simulation excrement in section 3.4 for lag 10 and compares the power of the proposed test PROP with the conventional approaches TEST1-TEST3. The 

simulated data set is obtained by setting the value of 𝛽1,𝑗in equation (3.4) around unity i.e., 𝛽1,𝑗 = 0.9, 0.99, 1.01, 1.1 which represent inefficient markets. The degree of 

heteroscedasticity in prices is modelled by varying the parameters 𝜑1,𝑗 and 𝜑2,𝑗  in equation (3.4) as in this Table. Results are based on 5000 simulation runs using the DGP in 

equations (3.4)-(3.8) when 𝛾1,j = 0.5. 

𝛽1,j  

% of acceptance of efficient market 

hypothesis  at 5% Level 
Mean (Stdev) of �̂�1,j Residual [휀�̂�(𝑡𝑖,𝑗)] RMSE 

𝜑1,j = 0.2 

𝜑2,j = 0.6 
N TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP TEST1 TEST2 TEST3 PROP 

0.9 120 0.0 1.0 0.0 0.0 0.859 (0.035) 0.861 (0.034) 0.901 (0.002) 0.901 (0.002) 0.0609 0.0610 0.0596 0.0601 

0.9 240 0.0 0.6 0.0 0.0 0.880 (0.018) 0.881 (0.017) 0.901 (0.002) 0.901 (0.002) 0.0622 0.0622 0.0605 0.0609 

0.9 480 0.0 0.2 0.0 0.0 0.890 (0.008) 0.891 (0.008) 0.900 (0.002) 0.900 (0.002) 0.0629 0.0629 0.0608 0.0613 
0.99 120 44.6 30.9 12.3 21.1 0.945 (0.039) 0.947 (0.038) 0.991 (0.003) 0.991 (0.003) 0.0669 0.0670 0.0657 0.0663 

0.99 240 20.2 15.7 7.1 12.3 0.968 (0.019) 0.969 (0.019) 0.991 (0.004) 0.991 (0.003) 0.0684 0.0684 0.0668 0.0674 

0.99 480 2.1 3.2 1.7 3.2 0.979 (0.010) 0.980 (0.009) 0.990 (0.003) 0.990 (0.003) 0.0691 0.0692 0.0671 0.0678 
1.01 120 80.3 66.6 6.9 16.2 0.964 (0.040) 0.967 (0.039) 1.011 (0.003) 1.011 (0.005) 0.0687 0.0688 0.0675 0.0681 

1.01 240 87.5 78.0 5.1 12.6 0.987 (0.020) 0.989 (0.019) 1.011 (0.003) 1.011 (0.002) 0.0695 0.0695 0.0678 0.0684 

1.01 480 83.5 75.8 7.1 12.3 0.999 (0.010) 1.000 (0.009) 1.010 (0.002) 1.010 (0.002) 0.0704 0.0705 0.0683 0.0691 
1.1 120 43.2 35.6 2.9 0.3 1.050 (0.043) 1.053 (0.042) 1.101 (0.003) 1.101 (0.005) 0.0746 0.0747 0.0734 0.0742 

1.1 240 8.3 8.9 3.7 0.2 1.075 (0.022) 1.077 (0.021) 1.101 (0.003) 1.101 (0.003) 0.0760 0.0761 0.0744 0.0751 

1.1 480 0.2 1.7 5.0 0.0 1.088 (0.011) 1.089 (0.010) 1.100 (0.003) 1.100 (0.003) 0.0768 0.0768 0.0747 0.0757 

𝜑1,j = 0.6 

𝜑2,j = 0.2  
            

  
            

0.9 120 0.1 0.7 0.0 0.0 0.856 (0.040) 0.870 (0.033) 0.901 (0.003) 0.900 (0.014) 0.0543 0.0545 0.0523 0.0533 

0.9 240 0.0 0.3 0.0 0.0 0.878 (0.021) 0.888 (0.014) 0.901 (0.004) 0.900 (0.004) 0.0567 0.0569 0.0543 0.0554 

0.9 480 0.0 0.2 0.0 0.0 0.890 (0.010) 0.895 (0.006) 0.900 (0.002) 0.900 (0.004) 0.0584 0.0586 0.0556 0.0570 
0.99 120 45.1 33.8 11.0 15.0 0.941 (0.047) 0.958 (0.036) 0.991 (0.003) 0.989 (0.023) 0.0596 0.0599 0.0577 0.0589 

0.99 240 22.0 18.3 6.5 8.8 0.966 (0.023) 0.976 (0.016) 0.991 (0.002) 0.991 (0.003) 0.0623 0.0625 0.0601 0.0612 

0.99 480 1.9 3.0 2.0 2.3 0.978 (0.011) 0.984 (0.007) 0.990 (0.003) 0.990 (0.002) 0.0646 0.0647 0.0617 0.0633 
1.01 120 77.8 70.3 7.7 15.2 0.961 (0.046) 0.977 (0.037) 1.011 (0.004) 1.010 (0.017) 0.0610 0.0612 0.0591 0.0604 

1.01 240 83.3 73.4 6.1 11.8 0.986 (0.023) 0.996 (0.016) 1.011 (0.005) 1.010 (0.004) 0.0638 0.0641 0.0614 0.0629 

1.01 480 82.3 57.3 5.9 8.9 0.998 (0.011) 1.004 (0.007)' 1.010 (0.002) 1.010 (0.002) 0.0657 0.0658 0.0630 0.0644 
1.1 120 43.1 23.1 4.0 0.1 1.047 (0.050) 1.064 (0.040) 1.101 (0.008) 1.099 (0.021) 0.0665 0.0670 0.0646 0.0661 

1.1 240 10.9 4.2 4.1 0.0 1.073 (0.026) 1.085 (0.017) 1.101 (0.005) 1.100 (0.006) 0.0691 0.0694 0.0668 0.0681 

1.1 480 0.4 1.4 4.7 0.0 1.087 (0.013) 1.093 (0.009) 1.100 (0.003) 1.100 (0.006) 0.0714 0.0717 0.0686 0.0704 
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APPENDIX B: THE SAMPLE OF FUTURES 

List of Commodity Futures in the Sample 

Exchange Name Product Name Market 

Sector§ 

Period 

Bolsa de Mercadorias and Futuros 
(BMF) 

Arabica Coffee AL 2000/01/02 to 2011/12/30 

Live Cattle  AL 2000/10/02 to 2011/12/29 

Soybean  AL 2004/09/02 to 2011/12/29 

Chicago Mercantile Exchange (CME) Class III Milk (Basic Milk) AL 2002/01/02 to 2011/12/30 

Class IV Milk AL 2002/01/02 to 2011/12/30 

 Copper IM 2000/01/03 to 2011/12/30 

 Corn AL 2000/01/03 to 2011/12/30 

 Feeder Cattle AL 2002/01/18 to 2011/12/23 

 Gold PM 2000/01/03 to 2011/12/30 

 Heating Oil EF 2000/01/03 to 2011/12/30 

 Lean Hogs AL 2000/01/03 to 2011/12/30 

 Light Sweet Crude Oil (WTI) EF 2000/01/03 to 2011/12/30 

 Live Cattle AL 2002/11/19 to 2011/12/30 

 Mini-sized Wheat AL 2004/02/17 to 2011/12/30 

 Natural Gas (Henry Hub) EF 2000/01/03 to 2011/12/30 

 Oats AL 2002/01/02 to 2011/12/30 

 Palladium PM 2000/01/04 to 2011/12/30 

 Random Length Lumber AL 2004/02/13 to 2011/12/30 

 Rough Rice AL 2002/01/02 to 2011/12/30 

 Silver PM 2000/01/03 to 2011/12/30 

 Soybean Meal AL 2002/01/02 to 2011/12/30 

 Soybean Oil AL 2002/01/02 to 2011/12/30 

 Soybeans AL 2001/10/12 to 2011/12/30 

 Wheat AL 2000/01/03 to 2011/12/30 

Dalian Commodity Exchange (DCE) Corn AL 2004/11/17 to 2011/12/30 

 No.1 Soybeans AL 2003/01/02 to 2011/12/30 

 Soybean Meal AL 2003/01/02 to 2011/12/30 

Intercontinental Commodity Exchange 

(ICE) 

Barley  AL 2000/01/14 to 2011/12/30 

Canola  AL 2003/01/03 to 2011/12/30 

Coffee C  AL 2001/01/01 to 2011/12/30 

Cotton No. 2  AL 2001/01/01 to 2011/12/30 

 Brent Crude  EF 2000/01/04 to 2011/12/30 

 Gasoil  EF 2003/09/08 to 2011/12/30 

 Sugar No. 11  AL 2000/01/04 to 2011/12/30 

Kansai Commodity Exchange (KAN) Corn  AL 2000/01/04 to 2011/12/28 

 Frozen Shrimp AL 2002/09/12 to 2011/12/30 

 Raw Sugar AL 2000/01/04 to 2011/12/30 

 Soybeans  AL 2007/01/16 to 2011/12/30 

London Metal Exchange (LME) Aluminium IM 2000/01/04 to 2011/12/30 

 Aluminium Alloy IM 2000/01/04 to 2011/12/30 

 Copper IM 2000/01/04 to 2011/12/30 

 Zinc IM 2000/01/04 to 2011/12/30 

Malaysia Derivatives Exchange (MDE) Crude Palm Kernel Oil  AL 2004/02/24 to 2011/12/30 

Crude Palm Oil AL 2000/01/04 to 2011/12/30 

Minneapolis Grain Exchange (MGE) Hard Red Spring Wheat AL 2000/01/03 to 2011/12/30 

NYSE.liffe (LFE) Cocoa  AL 2000/01/05 to 2011/12/30 

 Corn AL 2003/10/17 to 2011/12/30 

 Feed Wheat AL 2000/01/05 to 2011/12/22 

 Rapeseed AL 2000/01/03 to 2011/12/30 

 White Sugar AL 2000/01/04 to 2011/12/29 

Shanghai Futures Exchange (SHF) Aluminium IM 2003/06/02 to 2011/12/30 

 Copper Cathode IM 2003/06/02 to 2011/12/30 

 Fuel Oil EF 2004/12/01 to 2011/11/30 

South African Futures Exchange (SAF) Bread milling wheat AL 2000/01/07 to 2011/12/30 

Soybeans of Class SB AL 2002/04/08 to 2011/12/30 

 Sunflower Seed AL 2000/10/03 to 2011/12/30 

 White Maize AL 2000/01/07 to 2011/12/30 

 Yellow Maize AL 2000/01/07 to 2011/12/30 

Tokyo Commodity Exchange (TCE) Crude Oil (WTI) EF 2001/09/10 to 2011/12/30 

 Gasoline EF 2000/01/04 to 2011/12/30 

 Gold  PM 2000/01/04 to 2011/12/30 

 Kerosene EF 2000/01/04 to 2011/12/30 

 Palladium PM 2000/01/04 to 2011/12/30 

 Platinum PM 2000/01/04 to 2011/12/30 

 Rubber IM 2004/01/05 to 2011/12/30 
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Exchange Name Product Name Market 

Sector§ 

Period 

 Silver PM 2000/01/04 to 2011/12/30 

Tokyo Grain Exchange (TGE) Arabica Coffee AL 2000/01/04 to 2011/12/30 

 Corn  AL 2000/01/04 to 2011/12/30 

 Raw Sugar AL 2000/01/04 to 2011/12/30 

 Soybean  AL 2000/03/08 to 2011/12/30 

Zhengzhou Commodity Exchange 

(ZCE) 

Hard White Wheat  AL 2003/01/02 to 2011/12/30 

   

 

List of Index Futures in the Sample 

Exchange Name Product Name Period 

Athens Derivative Exchange FTSE 20 2000/12/18 to 2011/12/30 

Bolsa De Mercadorias & Futuros Bovespa 2000/01/03 to 2011/12/29 

Borsa Italiana (IDEM) FTSE MIB 2004/03/24 to 2011/12/30 

 FTSE MIB Mini 2004/03/22 to 2011/12/30 

Budapest Stock Exchange BUX Index 2000/01/04 to 2011/12/30 

Chicago Board of Trade DJ Industrial Average 2000/01/03 to 2011/12/30 

 DJ Industrial Average Mini 2002/09/22 to 2011/12/30 

Chicago Mercantile Exchange S&P 500 2000/01/03 to 2011/12/30 

 S&P 500 E-mini 2000/01/03 to 2011/12/30 

 S&P MidCap 400 E-mini 2002/01/28 to 2011/12/30 
 NASDAQ 100 2000/01/03 to 2011/12/30 

 NASDAQ 100 E-mini 2000/01/03 to 2011/12/30 

 Nikkei 225 Yen 2004/02/23 to 2011/12/30 
 Nikkei 225 2000/01/03 to 2011/12/30 

Eurex Euro STOXX Construction 2003/05/19 to 2011/12/30 
 Euro STOXX Travel&Leisure 2003/05/19 to 2011/12/30 

 Euro STOXX Food & Bev 2003/05/19 to 2011/12/30 

 Euro STOXX Banks 2001/03/19 to 2011/12/30 

 TECDAX 2003/03/24 to 2011/12/30 

 Euro STOXX Personal&Household 2003/05/19 to 2011/12/30 
 Euro STOXX Auto 2002/04/21 to 2011/12/30 

 STOXX 600 Utilities 2003/05/19 to 2011/12/30 

 DAX Index 2000/01/03 to 2011/12/30 
 STOXX 600 Healthcare 2001/03/19 to 2011/12/30 

 Euro STOXX Healthcare 2001/03/19 to 2011/12/30 

 Euro STOXX Utilities 2002/09/23 to 2011/12/30 
 Euro STOXX Retail 2003/05/19 to 2011/12/30 

 STOXX 600 Basic Resources 2004/06/21 to 2011/12/30 

 STOXX 600 Insurance 2003/05/19 to 2011/12/30 
 STOXX 600 Oil & Gas 2004/06/21 to 2011/12/30 

 MDAX 2005/03/21 to 2011/12/30 

 STOXX 600 Media 2004/06/21 to 2011/12/30 
 STOXX 600 Financial Services 2004/06/21 to 2011/12/30 

 HEX 25 2000/01/03 to 2011/12/30 

 STOXX 600 Food & Beverage 2004/06/21 to 2011/12/30 
 STOXX 600 Industrial 2004/06/21 to 2011/12/30 

 STOXX 600 Travel & Leisure 2004/11/22 to 2011/12/30 

 Euro STOXX Oil & Gas 2002/04/21 to 2011/12/30 
 STOXX 600 Household Goods 2004/11/22 to 2011/12/30 

 Swiss Market 2000/01/03 to 2011/12/30 

 STOXX 600 Auto & Parts 2004/11/22 to 2011/12/30 
 STOXX 600 Chemicals 2004/11/22 to 2011/12/30 

 STOXX 600 Technology 2001/03/19 to 2011/12/30 

 Euro Stoxx 50 2000/01/03 to 2011/12/30 
 STOXX 50 Future 2000/01/03 to 2011/12/30 

 Euro STOXX Insurance 2002/04/21 to 2011/12/30 

 STOXX 600 Telecom 2001/03/19 to 2011/12/30 
 Euro STOXX Telecom 2001/03/19 to 2011/12/30 

Hong Kong Futures Exchange Hang Seng China Enterprises 2003/12/08 to 2011/12/30 
 Hang Seng 2000/01/03 to 2011/12/30 

 Hang Seng mini 2000/10/09 to 2011/12/30 

ICE Futures US Indices Russell 1000 Mini 2002/09/22 to 2011/12/30 

Korea Exchange KOSPI200 2000/01/04 to 2011/12/29 
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Exchange Name Product Name Period 

Malaysia Derivatives Ex. (KLO) FTSE KLCI Future 2000/01/03 to 2011/12/30 

Meff Renta Variable (Madrid) IBEX 35 2000/01/03 to 2011/12/30 
 IBEX 35 Mini 2001/11/22 to 2011/12/30 

Mercado Mexicano de Derivados MEX Bolsa 2000/01/03 to 2011/12/30 

Montreal Exchange S&P Toronto 60 2000/01/03 to 2011/12/30 

National Stock Exchange CNX Nifty CNXIT 2004/03/01 to 2011/12/30 
 CNX Nifty 2000/06/12 to 2011/12/30 

NYSE LIFFE  Amsterdam Index 2000/01/24 to 2011/12/30 

NYSE LIFFE  FTSE 100 2000/01/04 to 2011/12/30 

NYSE LIFFE  CAC 40 10 EUR 2000/01/03 to 2011/12/30 

Osaka Securities Exchange Nikkei 225 2000/01/04 to 2011/12/30 

Oslo Stock Exchange OBX 2000/01/03 to 2011/12/30 

Singapore Exchange (was SIMEX) Nikkei 225 2000/01/04 to 2011/12/30 
 MSCI Singapore 2000/01/03 to 2011/12/30 

South African Futures Exchange FTSE/JSE Top 40 2000/01/04 to 2011/12/30 
 FTSE/JSE Shareholder Weighted Top 40 2003/07/13 to 2011/12/30 

 FTSE/JSE Industrial 25 2000/01/04 to 2011/12/30 

 FTSE/JSE 15 2000/01/04 to 2011/12/30 

Taiwan Futures Exchange TAIEX 2000/01/04 to 2011/12/30 

 TAIEX, Finance 2000/01/04 to 2011/12/30 

 TAIEX, Electronic 2000/01/04 to 2011/12/30 

Tokyo Stock Exchange TOPIX 2000/01/04 to 2011/12/30 

Warsaw Stock Exchange MIDWIG 2002/02/18 to 2011/12/30 

 WIG20 2000/01/04 to 2011/12/30 

Wiener Borse ATX Five Stock 2004/01/19 to 2011/12/29 

 Austrian Traded 2000/01/05 to 2011/12/29 

 

List of Currency Futures in the Sample 

Exchange Name Product Name Period 

Bolsa De Mercadorias & Futuros USD (US Dollar) Future 2000/01/03 to 2011/12/29 

Budapest Stock Exchange USD/HUF 2000/01/04 to 2011/12/30 

 GBP/HUF 2000/01/12 to 2011/12/30 
 EUR/HUF 2000/04/02 to 2011/12/30 

Chicago Mercantile Exchange ZAR/USD Future 2000/01/03 to 2011/12/30 

 SEK/USD Future 2002/05/16 to 2011/12/30 

 RUB/USD Future 2000/01/03 to 2011/12/30 
 PLN/USD Future 2004/07/11 to 2011/12/30 

 NZD/USD Future 2000/01/03 to 2011/12/30 

 NOK/USD Future 2002/05/16 to 2011/12/30 
 MXN/USD Future 2000/01/03 to 2011/12/30 

 JPY/USD Future 2000/01/03 to 2011/12/30 

 JPY/USD E-Mini Future 2000/01/03 to 2011/12/30 
 HUF/USD Future 2004/07/11 to 2011/12/30 

 GBP/USD Future 2000/01/03 to 2011/12/30 

 EUR/USD Future 2000/01/03 to 2011/12/30 
 EUR/USD Emini Future 2000/01/03 to 2011/12/30 

 CZK/USD Future 2004/07/11 to 2011/12/30 

 CHF/USD Future 2000/01/03 to 2011/12/30 
 CAD/USD Future 2000/01/03 to 2011/12/30 

 BRL/USD Future 2000/01/03 to 2011/12/30 

 AUD/USD Future 2000/01/03 to 2011/12/30 

Korea Exchange USD (US Dollar) 2000/01/04 to 2011/12/29 

Mercado Mexicano de Derivados USD (US Dollar) 2000/01/03 to 2011/12/30 

Russian Trading System USD/RUB 2002/12/02 to 2011/12/30 

Warsaw Stock Exchange USD (US Dollar) 2000/01/03 to 2011/12/30 
 EUR (Euro) 2000/01/03 to 2011/12/30 

Budapest Stock Exchange EUR/CHF 2002/05/15 to 2011/12/30 

 EUR/USD 2002/05/15 to 2011/12/30 

Chicago Mercantile Exchange EUR/CAD 2002/05/16 to 2011/12/30 

 EUR/AUD 2002/05/16 to 2011/12/30 
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Exchange Name Product Name Period 

 GBP/JPY 2002/05/16 to 2011/12/30 

 EUR/CHF 2001/02/01 to 2011/12/30 
 EUR/GBP 2001/02/01 to 2011/12/30 

 EUR/JPY 2000/01/03 to 2011/12/30 

ICE Futures US Currencies AUD/NZD 2000/01/03 to 2011/12/30 

 EUR/CZK 2003/09/19 to 2011/12/30 

 CAD/JPY 2000/05/12 to 2011/12/30 
 EUR/HUF 2003/09/19 to 2011/12/30 

 NOK/SEK 2004/05/09 to 2011/12/30 

 AUD/JPY 2000/01/03 to 2011/12/30 
 GBP/CHF 2000/01/03 to 2011/12/30 

 GBP/JPY 2000/01/03 to 2011/12/30 
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APPENDIX C: INFERENCES FOR FULL SAMPLE PERIOD 2000-2011 

Efficiency index and parameter estimates for the sample of individual futures listed in Appendix A 

Agricultural Futures 

Futures Name Exchange 

Max. of the 

test statistic 

for stationarity 

of 𝜺𝜹(𝒕𝒊,𝒋) 𝑬𝑰𝟏 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Arabica Coffee Tokyo Grain Exchange -7.256** 0.784 

(0.368 , 0.946) 

1.004 

(1.003 , 1.005) 

0.0013 

(0.0005 , 0.0026) 

-0.171 

(-0.224 , -0.138) 

0.00348 

(0.00161 , 0.00580) 

0.660 

(0.426 , 0.833) 

0.060 

(0.018 , 0.138) 

-0.654 

(-1.587 , 0.971) 

Arabica Coffee Bolsa de Mercadorias & 

Futuros 

-6.966** 0.991 

(0.941 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0002 

(-0.0001 , 0.0011) 

0.389 

(0.225 , 0.581) 

0.00162 

(0.00129 , 0.00191) 

0.580 

(0.487 , 0.639) 

0.040 

(0.015 , 0.120) 

1.695 

(-1.083 , 4.978) 

Barley  ICE Futures-US -6.259** 0.431 

(0.149 , 0.803) 

1.004 

(1.003 , 1.004) 

-0.0000 

(-0.0001 , 0.0000) 

0.040 

(-0.016 , 0.081) 

0.00056 

(0.00039 , 0.00135) 

0.892 

(0.733 , 0.940) 

0.006 

(0.002 , 0.022) 

0.328 

(0.062 , 0.777) 

Bread milling 

wheat 

South African Futures 

Exchange 

-6.549** 1.000 

(1.000 , 1.000) 

1.002 

(1.002 , 1.003) 

-0.0001 

(-0.0003 , -0.0000) 

0.112 

(0.079 , 0.168) 

0.00177 

(0.00095 , 0.00267) 

0.570 

(0.373 , 0.778) 

0.013 

(0.000 , 0.067) 

0.194 

(-0.122 , 0.522) 

Canola  ICE Futures-US -5.993** 0.775 

(0.409 , 0.962) 

1.002 

(1.001 , 1.002) 

0.0001 

(-0.0000 , 0.0006) 

0.066 

(-0.005 , 0.163) 

0.00136 

(0.00086 , 0.00203) 

0.421 

(0.208 , 0.606) 

0.035 

(0.005 , 0.099) 

-0.183 

(-0.733 , 0.906) 

Class III Milk 

(Basic Milk) 

Chicago Mercantile Exchange -10.656** 0.040 

(0.005 , 0.240) 

1.001 

(1.001 , 1.002) 

0.0000 

(-0.0000 , 0.0000) 

-0.067 

(-0.131 , -0.005) 

0.00005 

(0.00002 , 0.00010) 

0.074 

(0.012 , 0.282) 

0.101 

(0.034 , 0.236) 

-0.047 

(-0.447 , 0.389) 

Class IV Milk Chicago Mercantile Exchange -9.848** 0.866 

(0.425 , 1.000) 

0.999 

(0.999 , 1.000) 

-0.0000 

(-0.0002 , 0.0001) 

0.370 

(0.323 , 0.404) 

0.00029 

(0.00018 , 0.00041) 

0.236 

(0.110 , 0.468) 

0.108 

(0.063 , 0.162) 

1.271 

(0.370 , 1.719) 

Cocoa  ICE Futures-US -5.979** 0.994 

(0.959 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0024 

(0.0003 , 0.0047) 

0.011 

(-0.098 , 0.204) 

0.00237 

(0.00198 , 0.00289) 

0.427 

(0.266 , 0.593) 

0.094 

(0.054 , 0.134) 

5.383 

(2.638 , 10.186) 

Cocoa  NYSE.liffe -6.547** 0.969 

(0.776 , 1.000) 

1.002 

(1.001 , 1.002) 

-0.0001 

(-0.0001 , -0.0000) 

0.060 

(0.035 , 0.096) 

0.00401 

(0.00221 , 0.00581) 

0.383 

(0.147 , 0.647) 

0.012 

(0.002 , 0.047) 

1.914 

(0.225 , 9.995) 

Coffee C ®  ICE Futures-US -5.916** 0.149 

(0.021 , 0.494) 

0.941 

(0.936 , 0.946) 

0.0016 

(-0.0008 , 0.0090) 

0.419 

(0.343 , 0.498) 

0.00242 

(0.00200 , 0.00290) 

0.220 

(0.135 , 0.370) 

0.394 

(0.248 , 0.666) 

5.673 

(0.420 , 14.988) 

Corn Dalian Commodity Exchange -3.432** 0.994 

(0.958 , 1.000) 

1.000 

(1.000 , 1.001) 

-0.0005 

(-0.0015 , -0.0001) 

-0.056 

(-0.201 , 0.038) 

0.00021 

(0.00004 , 0.00074) 

0.812 

(0.494 , 0.971) 

0.025 

(0.011 , 0.070) 

-0.603 

(-2.778 , 1.892) 

Corn Chicago Mercantile Exchange -5.139** 0.958 

(0.825 , 0.992) 

1.002 

(0.998 , 1.005) 

-0.0000 

(-0.0000 , -0.0000) 

0.075 

(0.033 , 0.115) 

0.00267 

(0.00215 , 0.00361) 

0.256 

(0.136 , 0.406) 

0.028 

(0.008 , 0.072) 

0.015 

(-0.701 , 0.442) 

Corn NYSE.liffe -5.389** 0.847 

(0.469 , 0.979) 

1.002 

(1.001 , 1.003) 

0.0017 

(0.0002 , 0.0073) 

-0.316 

(-0.520 , -0.169) 

0.00134 

(0.00099 , 0.00158) 

0.416 

(0.251 , 0.496) 

0.157 

(0.019 , 0.542) 

7.072 

(-0.707 , 15.057) 

Corn  Tokyo Grain Exchange -6.101** 0.994 

(0.959 , 1.000) 

1.000 

(0.998 , 1.001) 

0.0040 

(0.0014 , 0.0068) 

0.264 

(0.158 , 0.374) 

0.00317 

(0.00282 , 0.00358) 

0.175 

(0.073 , 0.320) 

0.242 

(0.168 , 0.295) 

8.520 

(3.007 , 17.304) 

Corn  Kansai Commodity Exchange -6.859** 0.997 

(0.973 , 1.000) 

1.002 

(1.002 , 1.002) 

0.0000 

(-0.0000 , 0.0001) 

-0.165 

(-0.243 , -0.093) 

0.00096 

(0.00041 , 0.00183) 

0.599 

(0.381 , 0.785) 

0.016 

(0.002 , 0.074) 

-0.662 

(-1.743 , -0.005) 

Cotton No. 2  ICE Futures-US -4.979** 0.351 

(0.096 , 0.687) 

0.957 

(0.949 , 0.965) 

0.0029 

(0.0011 , 0.0061) 

0.319 

(0.162 , 0.500) 

0.00436 

(0.00237 , 0.00541) 

0.228 

(0.053 , 0.516) 

0.354 

(0.198 , 0.523) 

5.719 

(0.391 , 12.544) 

Crude Palm 

Kernel Oil  

Malaysia Derivatives 

Exchange 

-6.815** 0.832 

(0.320 , 1.000) 

1.000 

(1.000 , 1.001) 

0.0003 

(-0.0005 , 0.0015) 

0.007 

(-0.144 , 0.314) 

0.00006 

(0.00003 , 0.00009) 

0.327 

(0.209 , 0.462) 

0.393 

(0.177 , 0.647) 

-1.321 

(-2.731 , 0.719) 

Crude Palm Oil Malaysia Derivatives 

Exchange 

-10.681** 0.648 

(0.256 , 0.919) 

1.002 

(1.001 , 1.002) 

-0.0011 

(-0.0022 , -0.0000) 

0.139 

(0.044 , 0.181) 

0.00030 

(0.00022 , 0.00037) 

0.821 

(0.804 , 0.836) 

0.109 

(0.083 , 0.135) 

-2.154 

(-3.908 , -0.517) 

Feed Wheat NYSE.liffe -4.717** 0.882 

(0.547 , 0.984) 

1.001 

(1.000 , 1.002) 

-0.0002 

(-0.0005 , -0.0001) 

0.093 

(0.018 , 0.202) 

0.00080 

(0.00014 , 0.00165) 

0.845 

(0.687 , 0.974) 

0.013 

(0.004 , 0.039) 

-0.567 

(-1.206 , 0.135) 
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Futures Name Exchange 

Max. of the 

test statistic 

for stationarity 

of 𝜺𝜹(𝒕𝒊,𝒋) 𝑬𝑰𝟏 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Feeder Cattle Chicago Mercantile Exchange -10.048** 0.835 

(0.472 , 0.986) 

0.967 

(0.962 , 0.971) 

0.0010 

(0.0002 , 0.0020) 

0.243 

(0.209 , 0.275) 

0.00057 

(0.00043 , 0.00076) 

0.071 

(0.028 , 0.151) 

0.410 

(0.262 , 0.507) 

3.203 

(1.474 , 5.034) 

Frozen Shrimp Kansai Commodity Exchange -8.366** 0.994 

(0.940 , 1.000) 

1.002 

(1.001 , 1.003) 

-0.0084 

(-0.0113 , -0.0056) 

-0.151 

(-0.187 , -0.118) 

0.00001 

(0.00000 , 0.00003) 

0.855 

(0.825 , 0.872) 

0.138 

(0.122 , 0.160) 

-10.765 

(-13.795 , -7.730) 

Guar Gum National Commodity and 

Derivatives Exchange of India 

-5.767** 0.240 

(0.091 , 0.565) 

1.006 

(1.004 , 1.007) 

0.0004 

(0.0000 , 0.0009) 

-0.182 

(-0.350 , -0.098) 

0.00145 

(0.00063 , 0.00204) 

0.381 

(0.242 , 0.548) 

0.080 

(0.030 , 0.169) 

0.417 

(-0.965 , 3.556) 

Guar Seed National Commodity and 

Derivatives Exchange of India 

-5.811** 0.326 

(0.092 , 0.673) 

1.007 

(1.005 , 1.008) 

0.0001 

(0.0000 , 0.0003) 

-0.144 

(-0.254 , -0.068) 

0.00252 

(0.00197 , 0.00340) 

0.299 

(0.162 , 0.414) 

0.043 

(0.008 , 0.105) 

-0.220 

(-0.783 , 0.228) 

Hard Red Spring 

Wheat 

Minneapolis Grain Exchange -5.939** 0.590 

(0.255 , 0.866) 

0.995 

(0.984 , 1.002) 

0.0052 

(-0.0035 , 0.0184) 

0.126 

(0.011 , 0.240) 

0.00278 

(0.00218 , 0.00359) 

0.107 

(0.029 , 0.271) 

0.757 

(0.595 , 0.846) 

7.442 

(-8.313 , 30.246) 

Hard White Wheat  Zhengzhou Commodity 

Exchange 

-7.952** 0.803 

(0.365 , 0.984) 

1.005 

(1.004 , 1.005) 

0.0013 

(-0.0009 , 0.0023) 

-0.215 

(-0.387 , -0.103) 

0.00019 

(0.00016 , 0.00026) 

0.875 

(0.802 , 0.899) 

0.007 

(0.000 , 0.048) 

1.911 

(-0.891 , 3.709) 

Lean Hogs Chicago Mercantile Exchange -8.671** 0.750 

(0.314 , 1.000) 

0.989 

(0.982 , 0.995) 

0.0017 

(0.0006 , 0.0026) 

0.042 

(-0.006 , 0.124) 

0.00327 

(0.00213 , 0.00459) 

0.238 

(0.101 , 0.457) 

0.042 

(0.015 , 0.096) 

2.715 

(1.045 , 4.204) 

Live Cattle Chicago Mercantile Exchange -7.750** 0.550 

(0.240 , 0.874) 

0.971 

(0.968 , 0.975) 

-0.0008 

(-0.0014 , -0.0002) 

-0.142 

(-0.172 , -0.110) 

0.00055 

(0.00041 , 0.00074) 

0.186 

(0.066 , 0.420) 

0.465 

(0.313 , 0.644) 

1.232 

(-0.521 , 2.831) 

Live Cattle  Bolsa de Mercadorias & 

Futuros 

-9.743** 0.769 

(0.349 , 0.990) 

1.001 

(1.000 , 1.001) 

0.0003 

(-0.0012 , 0.0015) 

-0.135 

(-0.214 , -0.080) 

0.00124 

(0.00080 , 0.00158) 

0.314 

(0.216 , 0.421) 

0.157 

(0.086 , 0.274) 

0.997 

(-0.740 , 2.968) 

Milling Wheat NYSE.liffe -6.257** 0.991 

(0.956 , 1.000) 

1.001 

(1.000 , 1.001) 

0.0000 

(-0.0001 , 0.0002) 

0.070 

(-0.007 , 0.145) 

0.00226 

(0.00200 , 0.00248) 

0.379 

(0.362 , 0.403) 

0.004 

(0.001 , 0.012) 

1.075 

(0.484 , 1.734) 

Mini-sized Wheat Chicago Mercantile Exchange -3.952** 0.870 

(0.474 , 1.000) 

0.999 

(0.992 , 1.003) 

0.0038 

(-0.0005 , 0.0163) 

0.087 

(0.032 , 0.154) 

0.00306 

(0.00159 , 0.00526) 

0.467 

(0.231 , 0.672) 

0.169 

(0.093 , 0.269) 

6.052 

(-0.667 , 23.232) 

Mustard seed National Commodity and 

Derivatives Exchange of India 

-6.730** 0.919 

(0.527 , 0.996) 

1.000 

(0.999 , 1.002) 

0.0022 

(0.0003 , 0.0064) 

-0.014 

(-0.102 , 0.101) 

0.00058 

(0.00039 , 0.00086) 

0.414 

(0.191 , 0.541) 

0.240 

(0.139 , 0.434) 

4.069 

(1.103 , 11.001) 

No.1 Soybeans Dalian Commodity Exchange -6.886** 0.790 

(0.366 , 1.000) 

1.001 

(1.000 , 1.001) 

-0.0000 

(-0.0001 , 0.0001) 

0.084 

(0.037 , 0.163) 

0.00010 

(0.00001 , 0.00030) 

0.888 

(0.735 , 0.948) 

0.017 

(0.000 , 0.059) 

0.182 

(-0.167 , 0.636) 

Nonfat Dry Milk Chicago Mercantile Exchange -7.731** 0.796 

(0.317 , 0.974) 

1.001 

(1.000 , 1.001) 

0.0002 

(-0.0001 , 0.0007) 

0.419 

(0.299 , 0.545) 

0.00018 

(0.00012 , 0.00023) 

0.215 

(0.094 , 0.363) 

0.215 

(0.072 , 0.452) 

0.004 

(-0.494 , 1.072) 

Oats Chicago Mercantile Exchange -6.362** 0.526 

(0.174 , 0.824) 

1.037 

(1.025 , 1.048) 

0.0008 

(-0.0004 , 0.0028) 

0.286 

(0.030 , 0.509) 

0.00199 

(0.00086 , 0.00415) 

0.693 

(0.445 , 0.868) 

0.090 

(0.027 , 0.246) 

2.549 

(-2.434 , 6.492) 

Pepper National Commodity and 

Derivatives Exchange of India 

-6.526** 1.000 

(1.000 , 1.000) 

1.001 

(1.000 , 1.002) 

0.0005 

(0.0000 , 0.0013) 

-0.059 

(-0.108 , -0.013) 

0.00118 

(0.00071 , 0.00168) 

0.556 

(0.398 , 0.704) 

0.141 

(0.053 , 0.233) 

0.797 

(0.212 , 1.662) 

Random Length 

Lumber 

Chicago Mercantile Exchange -6.317** 0.753 

(0.348 , 0.943) 

0.998 

(0.998 , 0.999) 

-0.0005 

(-0.0026 , 0.0001) 

0.160 

(0.117 , 0.202) 

0.00239 

(0.00149 , 0.00455) 

0.541 

(0.364 , 0.717) 

0.079 

(0.037 , 0.142) 

-2.369 

(-9.231 , -0.536) 

Rapeseed NYSE.liffe -4.326** 0.947 

(0.655 , 1.000) 

1.000 

(1.000 , 1.001) 

0.0000 

(-0.0002 , 0.0002) 

0.257 

(0.112 , 0.516) 

0.00165 

(0.00080 , 0.00232) 

0.334 

(0.142 , 0.625) 

0.108 

(0.039 , 0.230) 

2.018 

(0.727 , 4.021) 

Raw Sugar Tokyo Grain Exchange -5.789** 0.816 

(0.345 , 1.000) 

0.998 

(0.997 , 0.999) 

-0.0031 

(-0.0064 , 0.0001) 

-0.127 

(-0.237 , 0.042) 

0.01340 

(0.01105 , 0.01639) 

0.040 

(0.019 , 0.073) 

0.690 

(0.538 , 0.825) 

-6.616 

(-16.223 , -1.125) 

Raw Sugar Kansai Commodity Exchange -5.960** 0.914 

(0.613 , 1.000) 

1.001 

(1.001 , 1.001) 

0.0013 

(0.0003 , 0.0020) 

0.138 

(0.105 , 0.166) 

0.00001 

(0.00000 , 0.00002) 

0.818 

(0.764 , 0.898) 

0.135 

(0.058 , 0.208) 

1.649 

(-0.423 , 2.716) 

Rough Rice Chicago Mercantile Exchange -5.909** 0.884 

(0.536 , 1.000) 

1.003 

(1.003 , 1.004) 

0.0009 

(0.0003 , 0.0023) 

0.004 

(-0.073 , 0.084) 

0.00154 

(0.00114 , 0.00242) 

0.577 

(0.397 , 0.676) 

0.068 

(0.024 , 0.183) 

3.107 

(1.910 , 5.421) 

Soy Bean National Commodity and 

Derivatives Exchange of India 

-5.209** 0.879 

(0.566 , 1.000) 

1.000 

(0.999 , 1.001) 

-0.0011 

(-0.0024 , -0.0004) 

-0.070 

(-0.147 , -0.008) 

0.00189 

(0.00087 , 0.00320) 

0.381 

(0.140 , 0.728) 

0.127 

(0.050 , 0.274) 

-1.470 

(-3.505 , 2.787) 

Soy oil National Commodity and 

Derivatives Exchange of India 

-6.357** 0.978 

(0.845 , 1.000) 

0.999 

(0.999 , 1.000) 

-0.0008 

(-0.0015 , -0.0002) 

0.001 

(-0.028 , 0.031) 

0.00096 

(0.00047 , 0.00146) 

0.387 

(0.195 , 0.688) 

0.103 

(0.056 , 0.151) 

-0.122 

(-1.113 , 0.827) 

Soybean  Tokyo Grain Exchange -7.364** 0.959 

(0.742 , 1.000) 

1.001 

(1.001 , 1.001) 

0.0016 

(-0.0005 , 0.0045) 

-0.033 

(-0.179 , 0.061) 

0.00473 

(0.00322 , 0.00648) 

0.230 

(0.118 , 0.407) 

0.265 

(0.080 , 0.519) 

2.500 

(-0.627 , 6.719) 
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Futures Name Exchange 

Max. of the 

test statistic 

for stationarity 

of 𝜺𝜹(𝒕𝒊,𝒋) 𝑬𝑰𝟏 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Soybean  Bolsa de Mercadorias & 

Futuros 

-4.927** 0.681 

(0.286 , 1.000) 

1.001 

(0.999 , 1.003) 

0.0004 

(-0.0026 , 0.0076) 

0.073 

(-0.009 , 0.212) 

0.00044 

(0.00031 , 0.00065) 

0.680 

(0.559 , 0.821) 

0.206 

(0.089 , 0.378) 

1.661 

(-2.624 , 14.321) 

Soybean Meal Chicago Mercantile Exchange -8.024** 0.893 

(0.632 , 0.976) 

1.002 

(1.002 , 1.002) 

-0.0004 

(-0.0008 , -0.0001) 

0.127 

(0.043 , 0.212) 

0.00266 

(0.00126 , 0.00430) 

0.422 

(0.180 , 0.611) 

0.089 

(0.032 , 0.175) 

-1.084 

(-2.093 , -0.056) 

Soybean Meal Dalian Commodity Exchange -7.875** 0.512 

(0.175 , 0.857) 

1.003 

(1.002 , 1.003) 

0.0001 

(-0.0022 , 0.0019) 

-0.120 

(-0.230 , -0.062) 

0.00143 

(0.00111 , 0.00198) 

0.448 

(0.204 , 0.602) 

0.093 

(0.067 , 0.130) 

0.936 

(-2.414 , 2.983) 

Soybean Oil Chicago Mercantile Exchange -6.609** 0.547 

(0.194 , 0.856) 

0.993 

(0.990 , 0.995) 

0.0032 

(0.0011 , 0.0057) 

0.249 

(0.153 , 0.350) 

0.00142 

(0.00080 , 0.00194) 

0.330 

(0.157 , 0.699) 

0.399 

(0.207 , 0.624) 

4.901 

(0.359 , 9.890) 

Soybeans Chicago Mercantile Exchange -8.973** 0.775 

(0.350 , 0.962) 

1.004 

(1.003 , 1.005) 

0.0007 

(0.0002 , 0.0017) 

0.155 

(0.058 , 0.344) 

0.00097 

(0.00073 , 0.00130) 

0.616 

(0.338 , 0.743) 

0.057 

(0.026 , 0.089) 

2.105 

(1.124 , 3.445) 

Soybeans of Class 

SB 

South African Futures 

Exchange 

-6.197** 0.692 

(0.269 , 0.992) 

1.000 

(0.999 , 1.001) 

-0.0002 

(-0.0004 , 0.0001) 

-0.130 

(-0.236 , -0.037) 

0.00192 

(0.00023 , 0.00457) 

0.720 

(0.451 , 0.897) 

0.061 

(0.019 , 0.139) 

0.024 

(-0.505 , 0.470) 

Sugar No. 11  ICE Futures-US -10.219** 0.832 

(0.304 , 1.000) 

0.994 

(0.993 , 0.995) 

0.0007 

(-0.0000 , 0.0031) 

0.087 

(-0.122 , 0.188) 

0.00699 

(0.00345 , 0.00968) 

0.312 

(0.107 , 0.643) 

0.021 

(0.004 , 0.081) 

-0.430 

(-1.656 , 3.563) 

Sunflower Seed South African Futures 

Exchange 

-6.407** 1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0073 

(0.0033 , 0.0138) 

0.037 

(0.015 , 0.088) 

0.00250 

(0.00197 , 0.00297) 

0.027 

(0.008 , 0.082) 

0.433 

(0.272 , 0.774) 

10.751 

(5.462 , 18.718) 

Turmeric National Commodity and 

Derivatives Exchange of India 

-5.522** 0.971 

(0.878 , 0.997) 

0.999 

(0.997 , 1.002) 

-0.0043 

(-0.0111 , 0.0012) 

0.017 

(-0.088 , 0.227) 

0.00446 

(0.00195 , 0.00683) 

0.242 

(0.055 , 0.668) 

0.526 

(0.215 , 0.673) 

-5.627 

(-14.264 , 4.264) 

Wheat Chicago Mercantile Exchange -5.303** 0.943 

(0.746 , 1.000) 

1.002 

(0.995 , 1.006) 

-0.0006 

(-0.0037 , 0.0017) 

0.116 

(-0.061 , 0.206) 

0.00332 

(0.00201 , 0.00423) 

0.355 

(0.181 , 0.629) 

0.168 

(0.083 , 0.289) 

-0.696 

(-5.208 , 4.163) 

White Maize South African Futures 

Exchange 

-6.557** 0.933 

(0.640 , 1.000) 

1.003 

(1.001 , 1.004) 

0.0068 

(0.0014 , 0.0166) 

0.070 

(0.009 , 0.144) 

0.00296 

(0.00186 , 0.00421) 

0.131 

(0.083 , 0.157) 

0.006 

(0.002 , 0.015) 

10.872 

(4.126 , 22.364) 

White Sugar NYSE.liffe -7.392** 0.577 

(0.233 , 0.893) 

1.002 

(1.001 , 1.003) 

-0.0013 

(-0.0036 , -0.0002) 

-0.062 

(-0.087 , -0.028) 

0.00022 

(0.00015 , 0.00046) 

0.955 

(0.833 , 0.983) 

0.023 

(0.009 , 0.073) 

-1.555 

(-5.017 , 0.138) 

Yellow Maize South African Futures 

Exchange 

-5.766** 1.000 

(1.000 , 1.000) 

1.001 

(0.999 , 1.002) 

0.0031 

(0.0006 , 0.0060) 

0.193 

(0.017 , 0.438) 

0.00189 

(0.00083 , 0.00271) 

0.200 

(0.125 , 0.343) 

0.383 

(0.217 , 0.595) 

12.817 

(4.252 , 24.427) 

Energy Futures 

Futures Name Exchange 

Max. of the 

test statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏  

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Crude Oil Tokyo Commodity Exchange -6.503** 0.979 

(0.870 , 1.000) 

1.001 

(1.000 , 1.002) 

0.0009 

(-0.0031 , 0.0033) 

-0.060 

(-0.151 , -0.003) 

0.00039 

(0.00024 , 0.00068) 

0.389 

(0.200 , 0.542) 

0.566 

(0.406 , 0.756) 

2.087 

(-3.338 , 5.214) 

Fuel Oil Shanghai Futures Exchange -7.084** 0.855 

(0.566 , 0.977) 

1.000 

(1.000 , 1.000) 

0.0029 

(0.0015 , 0.0043) 

0.022 

(-0.004 , 0.045) 

0.00174 

(0.00086 , 0.00278) 

0.398 

(0.170 , 0.655) 

0.099 

(0.048 , 0.188) 

4.605 

(2.479 , 6.444) 

Gasoline Tokyo Commodity Exchange -10.920** 1.000 

(1.000 , 1.000) 

1.001 

(1.000 , 1.001) 

0.0004 

(-0.0005 , 0.0016) 

0.013 

(-0.012 , 0.031) 

0.00352 

(0.00280 , 0.00419) 

0.141 

(0.064 , 0.264) 

0.068 

(0.032 , 0.139) 

1.239 

(0.120 , 2.680) 

Heating Oil Chicago Mercantile Exchange -11.088** 1.000 

(1.000 , 1.000) 

0.997 

(0.991 , 1.001) 

0.0048 

(0.0013 , 0.0097) 

-0.004 

(-0.098 , 0.134) 

0.00150 

(0.00095 , 0.00224) 

0.547 

(0.425 , 0.657) 

0.149 

(0.104 , 0.254) 

6.759 

(1.307 , 14.534) 

ICE Brent Crude ICE Futures-Europe -8.991** 0.616 

(0.275 , 0.906) 

1.004 

(1.003 , 1.007) 

0.0020 

(-0.0007 , 0.0034) 

-0.094 

(-0.237 , 0.038) 

0.00452 

(0.00377 , 0.00530) 

0.034 

(0.016 , 0.098) 

0.370 

(0.302 , 0.438) 

2.069 

(-1.875 , 4.407) 

ICE Gasoil ICE Futures-Europe -6.948** 0.901 

(0.535 , 1.000) 

1.002 

(1.002 , 1.003) 

0.0048 

(0.0030 , 0.0067) 

-0.207 

(-0.293 , -0.175) 

0.00278 

(0.00196 , 0.00362) 

0.200 

(0.090 , 0.384) 

0.343 

(0.293 , 0.413) 

3.962 

(1.134 , 6.048) 

Kerosene Tokyo Commodity Exchange -8.858** 0.681 

(0.286 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0027 

(0.0015 , 0.0049) 

0.016 

(-0.008 , 0.052) 

0.00236 

(0.00201 , 0.00333) 

0.363 

(0.228 , 0.485) 

0.268 

(0.209 , 0.341) 

5.647 

(3.383 , 10.903) 
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Futures Name Exchange 

Max. of the 

test statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏  

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Light Sweet Crude 

Oil (WTI) 

Chicago Mercantile Exchange -9.117** 0.797 

(0.407 , 0.980) 

1.001 

(1.000 , 1.001) 

0.0026 

(0.0014 , 0.0041) 

0.039 

(-0.033 , 0.076) 

0.00377 

(0.00274 , 0.00562) 

0.327 

(0.169 , 0.461) 

0.206 

(0.158 , 0.260) 

3.933 

(1.354 , 5.362) 

Natural Gas 

(Henry Hub) 

Chicago Mercantile Exchange -11.237** 0.764 

(0.350 , 1.000) 

0.996 

(0.995 , 0.997) 

-0.0012 

(-0.0043 , 0.0002) 

-0.006 

(-0.023 , 0.010) 

0.00589 

(0.00288 , 0.00996) 

0.520 

(0.253 , 0.756) 

0.074 

(0.035 , 0.160) 

-1.984 

(-6.021 , 0.153) 

Industrial Materials Futures 

Futures Name Exchange 

Max. of the 

test statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Aluminium London Metal Exchange -10.292** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.001) 

-0.0021 

(-0.0031 , -0.0010) 

-0.021 

(-0.055 , 0.020) 

0.00059 

(0.00030 , 0.00091) 

0.458 

(0.213 , 0.664) 

0.266 

(0.167 , 0.404) 

-2.870 

(-4.642 , -1.497) 

Aluminium Alloy London Metal Exchange -11.116** 0.469 

(0.178 , 0.786) 

1.001 

(1.001 , 1.001) 

-0.0008 

(-0.0020 , -0.0001) 

0.125 

(0.085 , 0.149) 

0.00030 

(0.00021 , 0.00040) 

0.434 

(0.366 , 0.482) 

0.460 

(0.399 , 0.510) 

-1.518 

(-3.221 , -0.371) 

Aluminium Shanghai Futures Exchange -7.353** 0.471 

(0.169 , 0.798) 

1.001 

(1.001 , 1.001) 

-0.0012 

(-0.0016 , -0.0007) 

0.220 

(0.153 , 0.311) 

0.00024 

(0.00019 , 0.00028) 

0.507 

(0.458 , 0.561) 

0.471 

(0.412 , 0.534) 

-2.620 

(-3.785 , -1.811) 

Copper London Metal Exchange -10.587** 0.409 

(0.150 , 0.759) 

1.001 

(1.001 , 1.001) 

-0.0014 

(-0.0038 , -0.0001) 

0.066 

(-0.014 , 0.225) 

0.00084 

(0.00072 , 0.00097) 

0.494 

(0.372 , 0.584) 

0.289 

(0.244 , 0.356) 

-2.137 

(-6.235 , -0.026) 

Copper Chicago Mercantile Exchange -11.097** 0.781 

(0.363 , 0.943) 

1.006 

(1.004 , 1.008) 

0.0006 

(-0.0001 , 0.0023) 

0.054 

(-0.015 , 0.115) 

0.00302 

(0.00193 , 0.00417) 

0.223 

(0.105 , 0.432) 

0.173 

(0.034 , 0.534) 

2.454 

(1.032 , 4.170) 

Copper Cathode Shanghai Futures Exchange -10.308** 0.727 

(0.354 , 0.937) 

1.002 

(1.002 , 1.002) 

-0.0066 

(-0.0082 , -0.0053) 

0.216 

(0.179 , 0.279) 

0.00088 

(0.00058 , 0.00130) 

0.454 

(0.348 , 0.537) 

0.460 

(0.380 , 0.555) 

-13.018 

(-17.397 , -10.606) 

Nickel Multi Commodity Exchange of 

India 

-8.841** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.001) 

0.0000 

(-0.0006 , 0.0003) 

0.067 

(0.041 , 0.086) 

0.00386 

(0.00269 , 0.00602) 

0.357 

(0.197 , 0.554) 

0.023 

(0.008 , 0.054) 

0.318 

(-0.923 , 0.976) 

Rubber Tokyo Commodity Exchange -11.647** 0.899 

(0.469 , 0.994) 

1.007 

(1.005 , 1.009) 

0.0014 

(0.0006 , 0.0023) 

0.017 

(-0.016 , 0.049) 

0.00623 

(0.00500 , 0.00718) 

0.069 

(0.031 , 0.135) 

0.209 

(0.149 , 0.262) 

2.368 

(0.771 , 4.559) 

Tin Multi Commodity Exchange of 

India 

-4.392** 0.911 

(0.552 , 1.000) 

0.999 

(0.989 , 1.004) 

0.0257 

(0.0020 , 0.0784) 

-0.222 

(-0.540 , -0.065) 

0.00145 

(0.00096 , 0.00202) 

0.179 

(0.056 , 0.418) 

0.343 

(0.156 , 0.685) 

24.859 

(2.450 , 57.486) 

Zinc London Metal Exchange -10.020** 0.710 

(0.367 , 0.920) 

1.001 

(1.000 , 1.002) 

-0.0109 

(-0.0233 , -0.0055) 

-0.006 

(-0.051 , 0.149) 

0.00067 

(0.00039 , 0.00097) 

0.460 

(0.310 , 0.630) 

0.435 

(0.295 , 0.579) 

-14.181 

(-30.247 , -6.052) 

Precious Metals Futures 

Futures Name Exchange 

Max. of the 

test statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Gold Chicago Mercantile Exchange -6.840** 0.692 

(0.327 , 0.953) 

1.001 

(1.001 , 1.002) 

-0.0007 

(-0.0039 , 0.0002) 

-0.187 

(-0.271 , -0.093) 

0.00063 

(0.00037 , 0.00088) 

0.237 

(0.077 , 0.503) 

0.476 

(0.320 , 0.639) 

-2.307 

(-5.035 , -0.743) 

Gold Multi Commodity Exchange of 

India 

-5.387** 0.699 

(0.338 , 0.937) 

1.001 

(1.001 , 1.001) 

0.0016 

(0.0002 , 0.0054) 

-0.090 

(-0.152 , -0.036) 

0.00071 

(0.00042 , 0.00096) 

0.131 

(0.053 , 0.240) 

0.394 

(0.220 , 0.614) 

3.322 

(0.112 , 9.899) 

Gold Tokyo Commodity Exchange -6.691** 0.916 

(0.656 , 1.000) 

1.000 

(0.998 , 1.000) 

0.0048 

(0.0027 , 0.0077) 

-0.117 

(-0.217 , -0.076) 

0.00094 

(0.00078 , 0.00111) 

0.088 

(0.042 , 0.217) 

0.613 

(0.459 , 0.731) 

6.461 

(3.381 , 10.203) 

Palladium Tokyo Commodity Exchange -8.036** 1.000 

(1.000 , 1.000) 

1.001 

(1.000 , 1.002) 

-0.0017 

(-0.0024 , -0.0011) 

-0.069 

(-0.112 , -0.027) 

0.00061 

(0.00033 , 0.00085) 

0.897 

(0.864 , 0.933) 

0.000 

(0.000 , 0.000) 

-2.615 

(-4.374 , -1.686) 

Palladium Chicago Mercantile Exchange -5.262** 0.744 

(0.332 , 0.993) 

1.000 

(0.999 , 1.002) 

-0.0000 

(-0.0001 , 0.0000) 

-0.144 

(-0.287 , -0.054) 

0.00289 

(0.00168 , 0.00432) 

0.583 

(0.375 , 0.725) 

0.006 

(0.002 , 0.011) 

-0.230 

(-1.433 , 0.188) 
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Futures Name Exchange 

Max. of the 

test statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Platinum Tokyo Commodity Exchange -6.759** 1.000 

(1.000 , 1.000) 

1.002 

(1.002 , 1.003) 

0.0011 

(0.0006 , 0.0018) 

0.087 

(0.010 , 0.195) 

0.00155 

(0.00093 , 0.00266) 

0.393 

(0.142 , 0.635) 

0.139 

(0.081 , 0.242) 

2.778 

(1.961 , 4.677) 

Silver Tokyo Commodity Exchange -7.610** 0.664 

(0.292 , 0.964) 

0.993 

(0.991 , 0.994) 

-0.0002 

(-0.0011 , 0.0012) 

-0.114 

(-0.190 , -0.020) 

0.00293 

(0.00151 , 0.00388) 

0.268 

(0.088 , 0.691) 

0.189 

(0.092 , 0.330) 

0.158 

(-1.496 , 2.778) 

Silver Chicago Mercantile Exchange -7.465** 1.000 

(1.000 , 1.000) 

1.001 

(0.999 , 1.002) 

0.0012 

(-0.0021 , 0.0056) 

-0.079 

(-0.152 , 0.010) 

0.00216 

(0.00177 , 0.00266) 

0.157 

(0.088 , 0.246) 

0.629 

(0.563 , 0.691) 

2.263 

(-2.020 , 7.732) 

Silver Multi Commodity Exchange of 

India 

-4.673** 0.990 

(0.931 , 1.000) 

1.002 

(1.001 , 1.002) 

0.0004 

(0.0002 , 0.0007) 

-0.099 

(-0.235 , -0.034) 

0.00225 

(0.00156 , 0.00278) 

0.320 

(0.261 , 0.425) 

0.009 

(0.000 , 0.040) 

1.883 

(-0.385 , 3.995) 

Silver M Multi Commodity Exchange of 

India 

-4.895** 0.424 

(0.093 , 0.776) 

1.004 

(1.003 , 1.004) 

-0.0009 

(-0.0027 , 0.0002) 

0.014 

(-0.043 , 0.094) 

0.00064 

(0.00027 , 0.00116) 

0.704 

(0.432 , 0.892) 

0.150 

(0.009 , 0.356) 

-1.071 

(-4.010 , 0.862) 

Index Futures 

Futures Name Exchange 

Max. of the test 

statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏  

(95% CI) 

�̂�𝟏,𝒋  

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Amsterdam Index NYSE LIFFE -5.812** 1.000 

(1.000 , 1.000) 

0.999 

(0.997 , 1.000) 

0.0102 

(0.0022 , 0.0266) 

0.108 

(-0.038 , 0.223) 

0.00030 

(0.00015 , 0.00057) 

0.757 

(0.514 , 0.865) 

0.088 

(0.005 , 0.334) 

13.191 

(5.794 , 28.234) 

ATX Five Stock Wiener Borse -4.406** 0.770 

(0.417 , 0.978) 

1.002 

(1.001 , 1.003) 

0.0005 

(0.0004 , 0.0006) 

0.183 

(0.067 , 0.409) 

0.00059 

(0.00043 , 0.00078) 

0.883 

(0.831 , 0.921) 

0.005 

(0.002 , 0.008) 

1.050 

(0.307 , 2.420) 

Austrian Traded Wiener Borse -5.206** 0.764 

(0.366 , 1.000) 

1.001 

(1.001 , 1.001) 

0.0000 

(-0.0003 , 0.0006) 

0.081 

(-0.008 , 0.261) 

0.00176 

(0.00120 , 0.00277) 

0.315 

(0.145 , 0.556) 

0.153 

(0.069 , 0.281) 

0.185 

(-0.433 , 1.009) 

Bovespa Bolsa De Mercadorias & 

Futuros 

-6.657** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.001) 

0.0041 

(0.0019 , 0.0086) 

0.042 

(-0.034 , 0.131) 

0.00021 

(0.00006 , 0.00066) 

0.909 

(0.813 , 0.945) 

0.000 

(0.000 , 0.001) 

5.949 

(2.466 , 11.293) 

BUX Index Budapest Stock Exchange -6.307** 0.554 

(0.222 , 0.842) 

1.000 

(0.999 , 1.001) 

-0.0000 

(-0.0003 , 0.0001) 

-0.174 

(-0.365 , -0.050) 

0.00375 

(0.00253 , 0.00533) 

0.250 

(0.105 , 0.444) 

0.023 

(0.010 , 0.060) 

-0.132 

(-1.124 , 1.036) 

CAC 40 10 EUR NYSE LIFFE -5.862** 0.990 

(0.937 , 1.000) 

1.000 

(1.000 , 1.001) 

0.0010 

(-0.0021 , 0.0026) 

0.212 

(0.119 , 0.422) 

0.00039 

(0.00028 , 0.00067) 

0.785 

(0.650 , 0.840) 

0.014 

(0.004 , 0.039) 

1.572 

(-8.926 , 4.757) 

CNX Nifty National Stock Exchange -11.925** 0.978 

(0.797 , 1.000) 

1.000 

(0.999 , 1.002) 

-0.0001 

(-0.0006 , 0.0010) 

-0.040 

(-0.067 , -0.010) 

0.00378 

(0.00312 , 0.00431) 

0.165 

(0.101 , 0.287) 

0.106 

(0.047 , 0.183) 

0.301 

(-0.666 , 2.375) 

CNX Nifty CNXIT National Stock Exchange -9.053** 0.847 

(0.567 , 0.973) 

1.000 

(1.000 , 1.001) 

0.0003 

(0.0000 , 0.0008) 

0.094 

(-0.103 , 0.154) 

0.00404 

(0.00286 , 0.00478) 

0.218 

(0.124 , 0.428) 

0.123 

(0.074 , 0.211) 

2.363 

(0.938 , 4.237) 

DAX Index Eurex -5.609** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0018 

(0.0005 , 0.0039) 

0.016 

(-0.062 , 0.098) 

0.00031 

(0.00027 , 0.00039) 

0.852 

(0.805 , 0.876) 

0.001 

(0.000 , 0.005) 

3.144 

(2.055 , 5.798) 

DJ Industrial Average Chicago Board of Trade -4.695** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0031 

(0.0013 , 0.0069) 

0.121 

(0.081 , 0.178) 

0.00017 

(0.00006 , 0.00036) 

0.712 

(0.564 , 0.848) 

0.057 

(0.008 , 0.223) 

5.738 

(3.207 , 10.698) 

DJ Industrial Average 

Mini 

Chicago Board of Trade -4.565** 0.929 

(0.558 , 1.000) 

1.001 

(1.001 , 1.001) 

-0.0002 

(-0.0003 , -0.0001) 

-0.108 

(-0.217 , -0.026) 

0.00038 

(0.00023 , 0.00065) 

0.402 

(0.183 , 0.612) 

0.019 

(0.005 , 0.067) 

0.345 

(-0.258 , 0.853) 

Euro Stoxx 50 Eurex -6.159** 0.997 

(0.970 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0010 

(0.0002 , 0.0022) 

0.124 

(0.066 , 0.199) 

0.00044 

(0.00032 , 0.00077) 

0.772 

(0.617 , 0.837) 

0.025 

(0.005 , 0.096) 

2.721 

(1.339 , 4.029) 

Euro STOXX Auto Eurex -4.939** 1.000 

(1.000 , 1.000) 

1.002 

(1.000 , 1.002) 

0.0007 

(-0.0000 , 0.0043) 

0.088 

(-0.036 , 0.212) 

0.00208 

(0.00131 , 0.00268) 

0.292 

(0.159 , 0.419) 

0.019 

(0.002 , 0.098) 

4.635 

(0.716 , 21.030) 

Euro STOXX Banks Eurex -4.771** 0.908 

(0.536 , 1.000) 

1.000 

(0.999 , 1.001) 

0.0003 

(-0.0001 , 0.0016) 

0.076 

(-0.000 , 0.204) 

0.00177 

(0.00085 , 0.00293) 

0.529 

(0.293 , 0.750) 

0.099 

(0.025 , 0.267) 

1.128 

(0.303 , 2.944) 

Euro STOXX 

Construction 

Eurex -4.210** 1.000 

(1.000 , 1.000) 

1.001 

(1.000 , 1.001) 

0.0014 

(-0.0001 , 0.0064) 

0.023 

(-0.077 , 0.096) 

0.00076 

(0.00032 , 0.00172) 

0.714 

(0.356 , 0.882) 

0.008 

(0.003 , 0.025) 

2.793 

(0.836 , 7.643) 

Euro STOXX Food 

& Bev 

Eurex -4.440** 0.482 

(0.186 , 0.824) 

1.001 

(1.001 , 1.002) 

-0.0002 

(-0.0008 , 0.0003) 

-0.021 

(-0.082 , 0.096) 

0.00018 

(0.00005 , 0.00051) 

0.442 

(0.152 , 0.774) 

0.142 

(0.015 , 0.439) 

9.854 

(4.096 , 14.930) 
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Futures Name Exchange 

Max. of the test 

statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏  

(95% CI) 

�̂�𝟏,𝒋  

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Euro STOXX 

Healthcare 

Eurex -4.704** 0.832 

(0.409 , 1.000) 

1.000 

(0.998 , 1.001) 

0.0040 

(-0.0001 , 0.0156) 

0.215 

(0.083 , 0.331) 

0.00036 

(0.00016 , 0.00056) 

0.548 

(0.271 , 0.735) 

0.194 

(0.034 , 0.536) 

9.117 

(1.128 , 29.410) 

Euro STOXX 

Insurance 

Eurex -3.989** 1.000 

(1.000 , 1.000) 

1.002 

(1.001 , 1.002) 

0.0001 

(-0.0000 , 0.0003) 

-0.208 

(-0.436 , -0.062) 

0.00359 

(0.00304 , 0.00430) 

0.120 

(0.094 , 0.150) 

0.021 

(0.008 , 0.047) 

0.255 

(-0.461 , 0.793) 

Euro STOXX Oil & 

Gas 

Eurex -4.873** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0003 

(0.0001 , 0.0007) 

-0.087 

(-0.211 , -0.020) 

0.00119 

(0.00091 , 0.00159) 

0.217 

(0.088 , 0.354) 

0.138 

(0.065 , 0.224) 

1.282 

(0.690 , 2.470) 

Euro STOXX 

Personal&Household 

Eurex -4.669** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0004 

(-0.0000 , 0.0012) 

0.111 

(0.042 , 0.178) 

0.00095 

(0.00033 , 0.00162) 

0.174 

(0.030 , 0.421) 

0.131 

(0.007 , 0.411) 

2.281 

(0.101 , 5.003) 

Euro STOXX Retail Eurex -4.802** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.001) 

0.0001 

(-0.0001 , 0.0014) 

-0.011 

(-0.063 , 0.058) 

0.00081 

(0.00039 , 0.00132) 

0.303 

(0.064 , 0.681) 

0.039 

(0.005 , 0.232) 

0.771 

(-0.770 , 2.312) 

Euro STOXX 

Telecom 

Eurex -4.859** 0.990 

(0.923 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0012 

(0.0006 , 0.0019) 

0.124 

(0.064 , 0.228) 

0.00042 

(0.00023 , 0.00052) 

0.713 

(0.644 , 0.776) 

0.004 

(0.000 , 0.016) 

4.045 

(1.987 , 8.791) 

Euro STOXX 

Travel&Leisure 

Eurex -5.126** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0008 

(0.0001 , 0.0021) 

-0.050 

(-0.112 , 0.010) 

0.00217 

(0.00152 , 0.00277) 

0.116 

(0.005 , 0.512) 

0.042 

(0.004 , 0.132) 

1.302 

(0.262 , 3.226) 

Euro STOXX 

Utilities 

Eurex -5.104** 0.959 

(0.714 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0001 

(-0.0000 , 0.0004) 

-0.063 

(-0.235 , 0.095) 

0.00158 

(0.00094 , 0.00190) 

0.114 

(0.023 , 0.396) 

0.085 

(0.029 , 0.260) 

2.024 

(0.911 , 3.928) 

FTSE 100 NYSE LIFFE -6.903** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0018 

(-0.0002 , 0.0038) 

0.177 

(-0.005 , 0.371) 

0.00026 

(0.00018 , 0.00036) 

0.664 

(0.580 , 0.749) 

0.134 

(0.051 , 0.210) 

3.396 

(-1.804 , 5.673) 

FTSE 20 Athens Derivative 

Exchange 

-5.299** 0.578 

(0.243 , 0.881) 

0.998 

(0.997 , 0.999) 

0.0015 

(0.0004 , 0.0032) 

-0.102 

(-0.225 , 0.005) 

0.00267 

(0.00165 , 0.00386) 

0.451 

(0.224 , 0.681) 

0.117 

(0.039 , 0.230) 

2.080 

(0.442 , 5.201) 

FTSE KLCI Future Malaysia Derivatives Ex. 

(KLO) 

-6.310** 1.000 

(1.000 , 1.000) 

0.999 

(0.998 , 0.999) 

0.0005 

(-0.0002 , 0.0013) 

0.138 

(0.003 , 0.301) 

0.00093 

(0.00064 , 0.00125) 

0.293 

(0.149 , 0.495) 

0.196 

(0.063 , 0.480) 

2.075 

(0.923 , 3.463) 

FTSE MIB Borsa Italiana (IDEM) -3.820** 0.969 

(0.895 , 0.995) 

1.000 

(1.000 , 1.000) 

0.0004 

(0.0002 , 0.0007) 

-0.033 

(-0.225 , 0.075) 

0.00053 

(0.00016 , 0.00150) 

0.822 

(0.340 , 0.977) 

0.036 

(0.011 , 0.106) 

0.343 

(-0.081 , 1.046) 

FTSE MIB Mini Borsa Italiana (IDEM) -3.820** 0.969 

(0.848 , 0.992) 

1.000 

(1.000 , 1.000) 

0.0003 

(0.0002 , 0.0007) 

-0.030 

(-0.259 , 0.083) 

0.00052 

(0.00016 , 0.00162) 

0.823 

(0.330 , 0.977) 

0.035 

(0.007 , 0.086) 

0.228 

(-0.158 , 0.746) 

FTSE/JSE 15 South African Futures 

Exchange 

-4.330** 0.866 

(0.446 , 1.000) 

0.999 

(0.998 , 1.000) 

0.0092 

(0.0056 , 0.0144) 

0.336 

(0.118 , 0.496) 

0.00101 

(0.00046 , 0.00173) 

0.500 

(0.265 , 0.776) 

0.347 

(0.107 , 0.647) 

25.226 

(16.080 , 41.056) 

FTSE/JSE Industrial 

25 

South African Futures 

Exchange 

-5.919** 0.904 

(0.632 , 0.994) 

1.002 

(1.001 , 1.003) 

-0.0008 

(-0.0076 , 0.0028) 

0.107 

(0.046 , 0.157) 

0.00027 

(0.00013 , 0.00059) 

0.774 

(0.624 , 0.888) 

0.122 

(0.028 , 0.281) 

-1.446 

(-13.045 , 4.118) 

FTSE/JSE 

Shareholder 

Weighted Top 40 

South African Futures 

Exchange 

-4.297** 0.918 

(0.605 , 1.000) 

1.001 

(0.998 , 1.002) 

0.0055 

(0.0032 , 0.0076) 

0.253 

(0.107 , 0.451) 

0.00126 

(0.00083 , 0.00160) 

0.142 

(0.032 , 0.400) 

0.614 

(0.425 , 0.841) 

19.923 

(9.886 , 50.933) 

FTSE/JSE Top 40 South African Futures 

Exchange 

-5.292** 0.887 

(0.572 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0068 

(0.0015 , 0.0145) 

0.172 

(0.106 , 0.295) 

0.00087 

(0.00053 , 0.00171) 

0.524 

(0.397 , 0.645) 

0.230 

(0.107 , 0.355) 

10.541 

(3.020 , 22.654) 

Hang Seng Hong Kong Futures 

Exchange 

-10.332** 1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0045 

(0.0038 , 0.0051) 

0.079 

(0.028 , 0.113) 

0.00018 

(0.00012 , 0.00025) 

0.722 

(0.642 , 0.777) 

0.259 

(0.190 , 0.341) 

7.828 

(6.832 , 9.139) 

Hang Seng China 

Enterprises 

Hong Kong Futures 

Exchange 

-9.112** 0.966 

(0.771 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0016 

(0.0000 , 0.0024) 

0.220 

(0.166 , 0.353) 

0.00080 

(0.00058 , 0.00105) 

0.560 

(0.479 , 0.623) 

0.339 

(0.281 , 0.419) 

2.800 

(0.864 , 4.039) 

Hang Seng mini Hong Kong Futures 

Exchange 

-10.085** 1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0063 

(0.0040 , 0.0097) 

0.042 

(-0.039 , 0.081) 

0.00030 

(0.00018 , 0.00045) 

0.633 

(0.536 , 0.704) 

0.341 

(0.256 , 0.438) 

9.447 

(6.026 , 11.808) 

HEX 25 Eurex -4.598** 0.969 

(0.785 , 1.000) 

1.000 

(1.000 , 1.001) 

0.0011 

(0.0001 , 0.0036) 

0.260 

(0.171 , 0.352) 

0.00062 

(0.00046 , 0.00088) 

0.671 

(0.549 , 0.740) 

0.049 

(0.012 , 0.155) 

3.096 

(1.129 , 4.934) 

IBEX 35 Meff Renta Variable 

(Madrid) 

-5.818** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0000 

(-0.0002 , 0.0002) 

0.003 

(-0.049 , 0.073) 

0.00114 

(0.00052 , 0.00233) 

0.412 

(0.177 , 0.699) 

0.161 

(0.006 , 0.545) 

0.440 

(0.152 , 0.751) 

IBEX 35 Mini Meff Renta Variable 

(Madrid) 

-4.437** 0.786 

(0.378 , 0.983) 

1.001 

(1.001 , 1.001) 

-0.0001 

(-0.0019 , 0.0024) 

-0.158 

(-0.450 , 0.051) 

0.00127 

(0.00076 , 0.00200) 

0.498 

(0.321 , 0.645) 

0.062 

(0.024 , 0.130) 

-0.650 

(-3.756 , 1.719) 

KOSPI200 Korea Exchange -6.088** 1.000 

(1.000 , 1.000) 

0.990 

(0.988 , 0.993) 

0.0021 

(-0.0023 , 0.0038) 

-0.045 

(-0.189 , 0.121) 

0.00004 

(0.00001 , 0.00021) 

0.927 

(0.847 , 0.944) 

0.006 

(0.000 , 0.032) 

1.914 

(-6.417 , 5.677) 
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Futures Name Exchange 

Max. of the test 

statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏  

(95% CI) 

�̂�𝟏,𝒋  

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

MEX Bolsa Mercado Mexicano de 

Derivados 

-6.070** 0.933 

(0.612 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0011 

(-0.0002 , 0.0037) 

0.172 

(-0.021 , 0.284) 

0.00029 

(0.00009 , 0.00066) 

0.721 

(0.487 , 0.887) 

0.217 

(0.074 , 0.447) 

2.714 

(-0.191 , 6.572) 

MIDWIG Warsaw Stock Exchange -4.948** 0.817 

(0.412 , 0.986) 

1.002 

(1.001 , 1.002) 

0.0006 

(0.0000 , 0.0020) 

-0.002 

(-0.355 , 0.177) 

0.00053 

(0.00039 , 0.00076) 

0.830 

(0.698 , 0.892) 

0.027 

(0.004 , 0.132) 

3.892 

(0.680 , 8.667) 

MSCI Singapore Singapore Exchange (was 

SIMEX) 

-6.149** 1.000 

(1.000 , 1.000) 

0.999 

(0.997 , 1.004) 

0.0089 

(0.0025 , 0.0202) 

0.272 

(0.118 , 0.397) 

0.00035 

(0.00028 , 0.00058) 

0.545 

(0.471 , 0.618) 

0.318 

(0.197 , 0.481) 

9.885 

(-29.055 , 32.461) 

NASDAQ 100 Chicago Mercantile 

Exchange 

-5.105** 0.994 

(0.959 , 1.000) 

1.001 

(1.000 , 1.001) 

0.0029 

(0.0006 , 0.0049) 

0.076 

(-0.067 , 0.186) 

0.00020 

(0.00009 , 0.00028) 

0.741 

(0.667 , 0.772) 

0.053 

(0.012 , 0.169) 

5.783 

(2.835 , 8.737) 

NASDAQ 100 E-

mini 

Chicago Mercantile 

Exchange 

-4.813** 1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.001) 

0.0067 

(0.0022 , 0.0168) 

0.187 

(0.112 , 0.271) 

0.00023 

(0.00015 , 0.00028) 

0.760 

(0.678 , 0.785) 

0.037 

(0.007 , 0.142) 

11.465 

(4.242 , 26.689) 

Nikkei 225 Chicago Mercantile 

Exchange 

-5.312** 1.000 

(1.000 , 1.000) 

0.999 

(0.999 , 1.000) 

0.0106 

(0.0074 , 0.0147) 

-0.067 

(-0.143 , 0.021) 

0.00066 

(0.00030 , 0.00108) 

0.595 

(0.439 , 0.820) 

0.224 

(0.107 , 0.358) 

14.662 

(11.210 , 18.896) 

Nikkei 225 Osaka Securities 

Exchange 

-5.166** 1.000 

(1.000 , 1.000) 

1.002 

(1.001 , 1.002) 

0.0013 

(0.0006 , 0.0023) 

0.201 

(0.103 , 0.311) 

0.00015 

(0.00004 , 0.00042) 

0.825 

(0.546 , 0.929) 

0.091 

(0.000 , 0.349) 

3.573 

(2.356 , 4.838) 

Nikkei 225 Singapore Exchange (was 

SIMEX) 

-5.152** 0.947 

(0.688 , 1.000) 

1.002 

(1.001 , 1.002) 

0.0010 

(0.0001 , 0.0026) 

0.150 

(0.036 , 0.250) 

0.00025 

(0.00010 , 0.00060) 

0.762 

(0.455 , 0.893) 

0.134 

(0.000 , 0.525) 

2.610 

(0.932 , 4.789) 

Nikkei 225 Yen Chicago Mercantile 

Exchange 

-3.512** 0.652 

(0.317 , 0.910) 

1.002 

(1.001 , 1.004) 

0.0006 

(-0.0002 , 0.0025) 

-0.218 

(-0.347 , -0.090) 

0.00039 

(0.00028 , 0.00048) 

0.602 

(0.323 , 0.773) 

0.186 

(0.037 , 0.546) 

1.899 

(-0.089 , 5.117) 

OBX Oslo Stock Exchange -4.254** 0.947 

(0.709 , 1.000) 

1.003 

(1.001 , 1.006) 

0.0051 

(-0.0022 , 0.0095) 

0.293 

(0.222 , 0.373) 

0.00122 

(0.00095 , 0.00156) 

0.176 

(0.075 , 0.391) 

0.812 

(0.588 , 0.909) 

12.622 

(-1.018 , 25.869) 

Russell 1000 Mini ICE Futures US Indices -4.726** 0.866 

(0.501 , 1.000) 

1.002 

(1.001 , 1.002) 

0.0002 

(-0.0003 , 0.0015) 

-0.018 

(-0.157 , 0.124) 

0.00052 

(0.00034 , 0.00065) 

0.199 

(0.056 , 0.491) 

0.283 

(0.083 , 0.660) 

1.114 

(-0.128 , 2.573) 

S&P 500 Chicago Mercantile 

Exchange 

-5.452** 1.000 

(1.000 , 1.000) 

1.001 

(1.000 , 1.001) 

0.0016 

(0.0009 , 0.0037) 

0.124 

(0.054 , 0.202) 

0.00040 

(0.00016 , 0.00094) 

0.469 

(0.252 , 0.605) 

0.190 

(0.101 , 0.253) 

2.679 

(0.957 , 5.659) 

S&P 500 E-mini Chicago Mercantile 

Exchange 

-6.059** 1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0048 

(0.0018 , 0.0109) 

0.126 

(0.030 , 0.241) 

0.00027 

(0.00015 , 0.00055) 

0.631 

(0.461 , 0.786) 

0.067 

(0.013 , 0.175) 

7.733 

(4.228 , 13.991) 

S&P MidCap 400 E-

mini 

Chicago Mercantile 

Exchange 

-5.096** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0036 

(0.0003 , 0.0085) 

0.111 

(-0.009 , 0.223) 

0.00070 

(0.00049 , 0.00082) 

0.084 

(0.025 , 0.212) 

0.289 

(0.031 , 0.632) 

4.932 

(1.451 , 10.072) 

S&P Toronto 60 Montreal Exchange -6.812** 0.969 

(0.738 , 1.000) 

1.001 

(1.000 , 1.002) 

0.0007 

(0.0002 , 0.0014) 

0.230 

(0.145 , 0.322) 

0.00026 

(0.00015 , 0.00034) 

0.672 

(0.590 , 0.734) 

0.109 

(0.035 , 0.204) 

2.475 

(1.361 , 3.658) 

STOXX 50 Future Eurex -6.002** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0025 

(0.0010 , 0.0042) 

0.133 

(0.062 , 0.247) 

0.00033 

(0.00023 , 0.00053) 

0.727 

(0.559 , 0.823) 

0.047 

(0.010 , 0.153) 

5.004 

(3.635 , 6.497) 

STOXX 600 Basic 

Resources 

Eurex -2.815** 0.766 

(0.461 , 0.945) 

1.002 

(1.001 , 1.003) 

0.0005 

(-0.0001 , 0.0011) 

0.359 

(0.286 , 0.437) 

0.00122 

(0.00068 , 0.00223) 

0.481 

(0.283 , 0.649) 

0.304 

(0.164 , 0.440) 

0.683 

(-1.635 , 2.903) 

STOXX 600 

Financial Services 

Eurex -3.577** 0.801 

(0.337 , 1.000) 

1.002 

(1.001 , 1.003) 

0.0005 

(-0.0001 , 0.0016) 

0.021 

(-0.080 , 0.124) 

0.00075 

(0.00043 , 0.00122) 

0.599 

(0.339 , 0.735) 

0.097 

(0.042 , 0.216) 

-0.061 

(-3.269 , 2.316) 

STOXX 600 Food & 

Beverage 

Eurex -4.581** 0.304 

(0.086 , 0.645) 

1.002 

(1.001 , 1.002) 

-0.0000 

(-0.0002 , 0.0001) 

-0.281 

(-0.479 , -0.144) 

0.00025 

(0.00013 , 0.00047) 

0.615 

(0.299 , 0.809) 

0.168 

(0.010 , 0.611) 

0.007 

(-0.614 , 0.548) 

STOXX 600 

Healthcare 

Eurex -4.740** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.001) 

0.0008 

(0.0003 , 0.0017) 

0.143 

(0.044 , 0.241) 

0.00037 

(0.00027 , 0.00063) 

0.565 

(0.365 , 0.648) 

0.069 

(0.026 , 0.137) 

1.705 

(0.693 , 3.110) 

STOXX 600 

Industrial 

Eurex -3.772** 0.969 

(0.884 , 0.995) 

1.002 

(1.002 , 1.003) 

-0.0002 

(-0.0008 , 0.0001) 

0.048 

(-0.040 , 0.123) 

0.00113 

(0.00070 , 0.00172) 

0.459 

(0.188 , 0.700) 

0.134 

(0.022 , 0.300) 

0.488 

(-0.182 , 2.257) 

STOXX 600 

Insurance 

Eurex -4.621** 1.000 

(1.000 , 1.000) 

1.001 

(1.001 , 1.002) 

0.0006 

(0.0001 , 0.0013) 

-0.255 

(-0.347 , -0.136) 

0.00321 

(0.00262 , 0.00386) 

0.053 

(0.000 , 0.221) 

0.015 

(0.005 , 0.049) 

1.433 

(0.243 , 3.195) 

STOXX 600 Media Eurex -3.974** 0.661 

(0.266 , 0.948) 

1.001 

(1.000 , 1.001) 

0.0007 

(0.0002 , 0.0019) 

0.131 

(0.075 , 0.229) 

0.00065 

(0.00040 , 0.00099) 

0.509 

(0.278 , 0.714) 

0.064 

(0.021 , 0.117) 

0.497 

(-0.297 , 1.072) 

STOXX 600 Oil & 

Gas 

Eurex -4.251** 0.782 

(0.383 , 1.000) 

1.001 

(1.001 , 1.002) 

-0.0004 

(-0.0019 , 0.0004) 

0.051 

(-0.028 , 0.103) 

0.00080 

(0.00058 , 0.00114) 

0.536 

(0.361 , 0.659) 

0.097 

(0.047 , 0.180) 

-0.516 

(-2.461 , 0.502) 

STOXX 600 

Technology 

Eurex -5.000** 1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.001) 

0.0044 

(0.0015 , 0.0104) 

0.192 

(0.084 , 0.314) 

0.00076 

(0.00047 , 0.00134) 

0.569 

(0.280 , 0.691) 

0.123 

(0.009 , 0.462) 

13.038 

(4.554 , 27.565) 
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Futures Name Exchange 

Max. of the test 

statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏  

(95% CI) 

�̂�𝟏,𝒋  

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

STOXX 600 Telecom Eurex -5.115** 0.969 

(0.780 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0045 

(0.0023 , 0.0099) 

0.107 

(0.029 , 0.201) 

0.00048 

(0.00018 , 0.00100) 

0.563 

(0.320 , 0.731) 

0.084 

(0.032 , 0.159) 

9.820 

(4.868 , 20.025) 

STOXX 600 Utilities Eurex -4.233** 1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.000) 

0.0002 

(0.0001 , 0.0004) 

0.098 

(-0.058 , 0.193) 

0.00054 

(0.00016 , 0.00106) 

0.583 

(0.229 , 0.888) 

0.133 

(0.013 , 0.467) 

2.817 

(1.796 , 4.528) 

Swiss Market Eurex -6.009** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0015 

(0.0003 , 0.0042) 

0.040 

(-0.023 , 0.122) 

0.00049 

(0.00013 , 0.00137) 

0.735 

(0.347 , 0.868) 

0.000 

(0.000 , 0.002) 

3.084 

(1.624 , 5.538) 

TAIEX Taiwan Futures Exchange -6.964** 0.994 

(0.958 , 1.000) 

1.001 

(1.000 , 1.002) 

0.0008 

(-0.0032 , 0.0038) 

-0.091 

(-0.156 , -0.024) 

0.00101 

(0.00056 , 0.00144) 

0.469 

(0.257 , 0.707) 

0.192 

(0.087 , 0.283) 

1.536 

(-3.272 , 5.110) 

TAIEX, Electronic Taiwan Futures Exchange -6.543** 1.000 

(1.000 , 1.000) 

1.002 

(1.001 , 1.004) 

0.0012 

(-0.0003 , 0.0032) 

-0.132 

(-0.267 , -0.040) 

0.00126 

(0.00047 , 0.00246) 

0.578 

(0.302 , 0.825) 

0.089 

(0.037 , 0.161) 

2.179 

(-0.086 , 4.975) 

TAIEX, Finance Taiwan Futures Exchange -6.943** 1.000 

(1.000 , 1.000) 

0.998 

(0.995 , 1.000) 

0.0084 

(0.0010 , 0.0200) 

-0.173 

(-0.300 , -0.060) 

0.00150 

(0.00089 , 0.00230) 

0.387 

(0.129 , 0.626) 

0.114 

(0.043 , 0.263) 

10.811 

(2.936 , 24.949) 

TECDAX Eurex -4.291** 0.732 

(0.430 , 0.932) 

1.001 

(1.000 , 1.001) 

-0.0005 

(-0.0012 , 0.0000) 

0.142 

(-0.121 , 0.355) 

0.00129 

(0.00090 , 0.00174) 

0.394 

(0.238 , 0.563) 

0.087 

(0.021 , 0.195) 

-0.279 

(-2.190 , 1.144) 

TOPIX Tokyo Stock Exchange -5.326** 1.000 

(1.000 , 1.000) 

1.002 

(1.000 , 1.002) 

0.0020 

(0.0009 , 0.0037) 

0.064 

(-0.084 , 0.374) 

0.00019 

(0.00005 , 0.00048) 

0.782 

(0.583 , 0.897) 

0.118 

(0.016 , 0.298) 

3.815 

(1.637 , 6.340) 

WIG20 Warsaw Stock Exchange -5.279** 0.678 

(0.299 , 0.938) 

1.002 

(1.002 , 1.003) 

0.0001 

(-0.0001 , 0.0005) 

0.281 

(0.064 , 0.373) 

0.00346 

(0.00243 , 0.00405) 

0.212 

(0.109 , 0.469) 

0.139 

(0.078 , 0.247) 

1.168 

(-0.071 , 2.503) 

Currency Futures 

Futures Name Exchange 

Max. of the test 

statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏   

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

AUD/JPY ICE Futures-US -6.769** 0.987 

(0.923 , 1.000) 

1.001 

(1.001 , 1.002) 

-0.0013 

(-0.0019 , -0.0007) 

0.206 

(0.059 , 0.352) 

0.00042 

(0.00030 , 0.00057) 

0.247 

(0.092 , 0.498) 

0.333 

(0.084 , 0.685) 

-1.534 

(-3.180 , -0.193) 

AUD/NZD ICE Futures-US -6.657** 0.898 

(0.517 , 1.000) 

0.988 

(0.980 , 0.994) 

-0.0002 

(-0.0006 , -0.0000) 

0.293 

(0.105 , 0.384) 

0.00006 

(0.00002 , 0.00013) 

0.354 

(0.134 , 0.652) 

0.263 

(0.132 , 0.511) 

1.042 

(0.181 , 2.211) 

AUD/USD Future Chicago Mercantile 

Exchange 

-6.152** 0.879 

(0.568 , 1.000) 

1.001 

(1.001 , 1.001) 

-0.0002 

(-0.0005 , 0.0000) 

-0.107 

(-0.197 , -0.060) 

0.00024 

(0.00014 , 0.00035) 

0.496 

(0.285 , 0.703) 

0.083 

(0.030 , 0.219) 

-0.047 

(-1.050 , 0.580) 

BRL/USD Future Chicago Mercantile 

Exchange 

-5.562** 0.997 

(0.967 , 1.000) 

1.000 

(0.998 , 1.001) 

0.0045 

(0.0022 , 0.0109) 

0.036 

(-0.018 , 0.094) 

0.00084 

(0.00062 , 0.00110) 

0.121 

(0.064 , 0.312) 

0.504 

(0.349 , 0.683) 

7.195 

(4.028 , 14.809) 

CAD/JPY ICE Futures-US -3.854** 0.735 

(0.361 , 0.992) 

1.002 

(1.001 , 1.002) 

0.0007 

(0.0002 , 0.0012) 

-0.105 

(-0.187 , -0.019) 

0.00008 

(0.00004 , 0.00011) 

0.630 

(0.485 , 0.819) 

0.203 

(0.105 , 0.388) 

1.621 

(0.960 , 2.534) 

CAD/USD Future Chicago Mercantile 

Exchange 

-6.152** 0.715 

(0.360 , 1.000) 

1.001 

(1.001 , 1.001) 

-0.0005 

(-0.0009 , -0.0002) 

-0.210 

(-0.349 , -0.104) 

0.00005 

(0.00002 , 0.00008) 

0.188 

(0.065 , 0.473) 

0.373 

(0.186 , 0.585) 

0.818 

(-0.300 , 3.085) 

CHF/USD Future Chicago Mercantile 

Exchange 

-5.238** 0.732 

(0.303 , 0.937) 

1.001 

(1.001 , 1.001) 

0.0000 

(-0.0008 , 0.0008) 

-0.288 

(-0.417 , -0.194) 

0.00021 

(0.00013 , 0.00027) 

0.124 

(0.040 , 0.355) 

0.603 

(0.438 , 0.770) 

-0.147 

(-1.993 , 1.722) 

CZK/USD Future Chicago Mercantile 

Exchange 

-3.916** 0.914 

(0.545 , 1.000) 

0.996 

(0.989 , 0.998) 

-0.0109 

(-0.0390 , -0.0012) 

-0.128 

(-0.193 , -0.054) 

0.00018 

(0.00008 , 0.00029) 

0.305 

(0.080 , 0.623) 

0.505 

(0.266 , 0.779) 

-10.532 

(-38.046 , 1.110) 

EUR (Euro) Warsaw Stock Exchange -5.898** 0.997 

(0.975 , 1.000) 

0.999 

(0.999 , 1.000) 

0.0014 

(0.0002 , 0.0049) 

0.267 

(0.193 , 0.329) 

0.00046 

(0.00024 , 0.00097) 

0.322 

(0.126 , 0.676) 

0.225 

(0.090 , 0.552) 

3.221 

(0.221 , 7.408) 

EUR/AUD Chicago Mercantile 

Exchange 

-5.300** 0.918 

(0.717 , 0.991) 

1.001 

(0.998 , 1.004) 

0.0001 

(0.0000 , 0.0004) 

0.009 

(-0.068 , 0.116) 

0.00005 

(0.00003 , 0.00011) 

0.852 

(0.718 , 0.918) 

0.034 

(0.009 , 0.089) 

1.864 

(0.768 , 2.904) 

EUR/CAD Chicago Mercantile 

Exchange 

-3.967** 0.653 

(0.267 , 0.887) 

0.999 

(0.991 , 1.004) 

-0.0010 

(-0.0017 , -0.0000) 

-0.102 

(-0.199 , 0.098) 

0.00012 

(0.00008 , 0.00018) 

0.546 

(0.420 , 0.689) 

0.232 

(0.123 , 0.395) 

0.121 

(-2.116 , 1.413) 

EUR/CHF Budapest Stock Exchange -2.637 0.562 

(0.211 , 0.861) 

1.002 

(0.999 , 1.005) 

0.0013 

(0.0004 , 0.0023) 

-0.143 

(-0.310 , -0.020) 

0.00006 

(0.00004 , 0.00009) 

0.164 

(0.050 , 0.321) 

0.783 

(0.585 , 0.932) 

1.748 

(0.534 , 3.632) 
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Futures Name Exchange 

Max. of the test 

statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏   

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

EUR/CHF Chicago Mercantile 

Exchange 

-5.601** 0.985 

(0.877 , 1.000) 

0.986 

(0.983 , 0.991) 

0.0057 

(0.0041 , 0.0076) 

-0.069 

(-0.176 , 0.097) 

0.00004 

(0.00004 , 0.00005) 

0.078 

(0.026 , 0.193) 

0.909 

(0.784 , 0.963) 

8.091 

(4.943 , 10.883) 

EUR/CZK ICE Futures-US -5.520** 0.313 

(0.082 , 0.712) 

0.998 

(0.998 , 0.999) 

-0.0000 

(-0.0002 , 0.0001) 

-0.187 

(-0.302 , -0.109) 

0.00006 

(0.00002 , 0.00012) 

0.213 

(0.054 , 0.577) 

0.173 

(0.048 , 0.520) 

1.186 

(-0.050 , 2.710) 

EUR/GBP Chicago Mercantile 

Exchange 

-4.752** 0.793 

(0.495 , 0.962) 

0.994 

(0.991 , 0.999) 

0.0000 

(-0.0002 , 0.0001) 

-0.177 

(-0.374 , -0.061) 

0.00007 

(0.00004 , 0.00012) 

0.458 

(0.262 , 0.619) 

0.174 

(0.069 , 0.378) 

1.086 

(0.177 , 1.721) 

EUR/HUF Budapest Stock Exchange -5.357** 0.927 

(0.645 , 1.000) 

1.000 

(1.000 , 1.000) 

-0.0000 

(-0.0001 , -0.0000) 

0.022 

(-0.015 , 0.113) 

0.00019 

(0.00014 , 0.00024) 

0.181 

(0.097 , 0.266) 

0.045 

(0.015 , 0.141) 

-0.802 

(-1.382 , -0.472) 

EUR/HUF ICE Futures-US -3.230** 0.933 

(0.634 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0002 

(0.0000 , 0.0004) 

-0.113 

(-0.229 , -0.047) 

0.00006 

(0.00002 , 0.00012) 

0.125 

(0.057 , 0.273) 

0.124 

(0.050 , 0.229) 

0.975 

(0.101 , 2.065) 

EUR/JPY Chicago Mercantile 

Exchange 

-5.842** 0.884 

(0.439 , 1.000) 

1.001 

(1.001 , 1.002) 

-0.0010 

(-0.0022 , -0.0004) 

-0.221 

(-0.275 , -0.169) 

0.00011 

(0.00008 , 0.00016) 

0.531 

(0.421 , 0.630) 

0.238 

(0.154 , 0.428) 

0.774 

(-1.990 , 3.046) 

EUR/USD Budapest Stock Exchange -4.443** 0.866 

(0.438 , 1.000) 

1.005 

(1.002 , 1.008) 

-0.0001 

(-0.0002 , -0.0000) 

-0.108 

(-0.191 , -0.058) 

0.00016 

(0.00007 , 0.00033) 

0.375 

(0.148 , 0.722) 

0.322 

(0.103 , 0.609) 

0.479 

(-0.369 , 2.165) 

EUR/USD Emini 

Future 

Chicago Mercantile 

Exchange 

-5.895** 0.922 

(0.707 , 0.993) 

1.003 

(0.999 , 1.008) 

-0.0001 

(-0.0005 , 0.0004) 

-0.467 

(-0.538 , -0.375) 

0.00020 

(0.00012 , 0.00039) 

0.232 

(0.098 , 0.432) 

0.373 

(0.182 , 0.654) 

2.462 

(0.821 , 4.096) 

EUR/USD Future Chicago Mercantile 

Exchange 

-4.220** 0.799 

(0.396 , 1.000) 

1.004 

(1.000 , 1.009) 

-0.0006 

(-0.0011 , -0.0004) 

-0.484 

(-0.579 , -0.398) 

0.00025 

(0.00014 , 0.00039) 

0.253 

(0.137 , 0.402) 

0.217 

(0.093 , 0.295) 

0.646 

(-1.160 , 2.666) 

GBP/CHF ICE Futures-US -5.527** 0.719 

(0.321 , 0.944) 

1.000 

(0.999 , 1.002) 

0.0005 

(0.0000 , 0.0010) 

-0.252 

(-0.302 , -0.204) 

0.00014 

(0.00011 , 0.00021) 

0.143 

(0.059 , 0.297) 

0.698 

(0.499 , 0.849) 

1.010 

(0.040 , 2.204) 

GBP/HUF Budapest Stock Exchange -5.556** 0.975 

(0.894 , 1.000) 

0.999 

(0.999 , 1.000) 

-0.0003 

(-0.0011 , 0.0001) 

-0.348 

(-0.644 , -0.143) 

0.00032 

(0.00019 , 0.00044) 

0.236 

(0.083 , 0.474) 

0.207 

(0.034 , 0.408) 

-0.835 

(-2.718 , 0.910) 

GBP/JPY Chicago Mercantile 

Exchange 

-4.800** 0.887 

(0.604 , 1.000) 

1.000 

(1.000 , 1.001) 

-0.0026 

(-0.0043 , -0.0010) 

0.009 

(-0.046 , 0.106) 

0.00028 

(0.00021 , 0.00037) 

0.220 

(0.075 , 0.499) 

0.557 

(0.290 , 0.783) 

-2.622 

(-5.285 , -0.239) 

GBP/JPY ICE Futures-US -6.210** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.001) 

0.0010 

(-0.0037 , 0.0056) 

-0.126 

(-0.451 , 0.038) 

0.00018 

(0.00014 , 0.00020) 

0.450 

(0.277 , 0.563) 

0.315 

(0.203 , 0.518) 

1.907 

(-6.249 , 7.650) 

GBP/USD Future Chicago Mercantile 

Exchange 

-6.303** 0.991 

(0.954 , 1.000) 

1.000 

(0.998 , 1.001) 

-0.0001 

(-0.0003 , 0.0001) 

-0.281 

(-0.380 , -0.124) 

0.00021 

(0.00015 , 0.00027) 

0.298 

(0.195 , 0.496) 

0.141 

(0.049 , 0.295) 

1.136 

(0.333 , 2.167) 

HUF/USD Future Chicago Mercantile 

Exchange 

-3.815** 0.850 

(0.535 , 1.000) 

0.999 

(0.997 , 0.999) 

-0.0033 

(-0.0125 , -0.0003) 

-0.244 

(-0.481 , -0.092) 

0.00030 

(0.00020 , 0.00043) 

0.505 

(0.279 , 0.716) 

0.113 

(0.046 , 0.244) 

-3.557 

(-16.314 , 1.008) 

JPY/USD E-Mini 

Future 

Chicago Mercantile 

Exchange 

-5.347** 0.979 

(0.902 , 1.000) 

1.000 

(1.000 , 1.000) 

-0.0001 

(-0.0005 , 0.0002) 

-0.207 

(-0.283 , -0.151) 

0.00020 

(0.00009 , 0.00032) 

0.125 

(0.029 , 0.355) 

0.322 

(0.131 , 0.545) 

-1.393 

(-2.222 , -0.529) 

JPY/USD Future Chicago Mercantile 

Exchange 

-5.112** 0.954 

(0.794 , 1.000) 

1.000 

(1.000 , 1.001) 

0.0005 

(-0.0001 , 0.0023) 

-0.273 

(-0.350 , -0.199) 

0.00014 

(0.00008 , 0.00021) 

0.019 

(0.006 , 0.042) 

0.291 

(0.149 , 0.478) 

-1.464 

(-2.898 , 0.466) 

MXN/USD Future Chicago Mercantile 

Exchange 

-5.460** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.001) 

-0.0001 

(-0.0002 , -0.0000) 

-0.034 

(-0.090 , 0.013) 

0.00015 

(0.00008 , 0.00023) 

0.364 

(0.147 , 0.620) 

0.047 

(0.016 , 0.099) 

0.196 

(-0.433 , 0.828) 

NOK/SEK ICE Futures-US -4.439** 0.487 

(0.191 , 0.821) 

1.022 

(1.015 , 1.026) 

-0.0001 

(-0.0001 , -0.0000) 

-0.070 

(-0.150 , 0.017) 

0.00000 

(0.00000 , 0.00001) 

0.749 

(0.639 , 0.845) 

0.160 

(0.061 , 0.319) 

-0.792 

(-2.145 , 0.297) 

NOK/USD Future Chicago Mercantile 

Exchange 

-5.034** 0.985 

(0.858 , 1.000) 

0.998 

(0.997 , 0.998) 

0.0007 

(-0.0000 , 0.0024) 

-0.133 

(-0.239 , -0.069) 

0.00012 

(0.00006 , 0.00018) 

0.318 

(0.132 , 0.548) 

0.420 

(0.184 , 0.713) 

1.482 

(-0.171 , 3.277) 

NZD/USD Future Chicago Mercantile 

Exchange 

-4.520** 0.483 

(0.167 , 0.803) 

0.988 

(0.985 , 0.990) 

0.0002 

(-0.0002 , 0.0017) 

-0.179 

(-0.293 , -0.060) 

0.00040 

(0.00026 , 0.00054) 

0.379 

(0.224 , 0.633) 

0.067 

(0.036 , 0.095) 

0.821 

(-0.807 , 3.003) 

PLN/USD Future Chicago Mercantile 

Exchange 

-4.170** 0.860 

(0.456 , 1.000) 

0.995 

(0.991 , 0.997) 

-0.0001 

(-0.0007 , 0.0001) 

-0.045 

(-0.268 , 0.056) 

0.00041 

(0.00017 , 0.00083) 

0.572 

(0.273 , 0.805) 

0.086 

(0.005 , 0.429) 

0.494 

(-0.195 , 1.351) 

RUB/USD Future Chicago Mercantile 

Exchange 

-6.165** 0.701 

(0.380 , 0.923) 

0.999 

(0.999 , 0.999) 

-0.0018 

(-0.0024 , -0.0012) 

-0.157 

(-0.227 , -0.044) 

0.00005 

(0.00004 , 0.00007) 

0.095 

(0.034 , 0.244) 

0.824 

(0.667 , 0.921) 

-2.647 

(-3.655 , -1.394) 

SEK/USD Future Chicago Mercantile 

Exchange 

-4.049** 0.698 

(0.336 , 1.000) 

1.000 

(1.000 , 1.000) 

-0.0000 

(-0.0001 , 0.0001) 

-0.197 

(-0.258 , -0.133) 

0.00009 

(0.00004 , 0.00018) 

0.647 

(0.508 , 0.764) 

0.120 

(0.058 , 0.221) 

0.425 

(-2.930 , 2.552) 

USD (US Dollar) Korea Exchange -4.980** 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

0.0001 

(-0.0004 , 0.0004) 

-0.118 

(-0.198 , -0.043) 

0.00006 

(0.00003 , 0.00010) 

0.290 

(0.134 , 0.555) 

0.482 

(0.220 , 0.769) 

-0.088 

(-0.907 , 0.776) 
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Futures Name Exchange 

Max. of the test 

statistic for 

stationarity of 

𝜺𝜹(𝒕𝒊,𝒋) 
𝑬𝑰𝟏   

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟎𝒋 

(95% CI) 

�̂�𝟏𝒋 

(95% CI) 

�̂�𝟎,𝒋 

(95% CI) 

�̂�𝟏,𝒋 

(95% CI) 

�̂�𝟐,𝒋 

(95% CI) 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

USD (US Dollar) Mercado Mexicano de 

Derivados 

-9.163** 0.866 

(0.463 , 1.000) 

1.001 

(1.000 , 1.002) 

-0.0018 

(-0.0040 , -0.0002) 

-0.101 

(-0.160 , 0.002) 

0.00024 

(0.00019 , 0.00033) 

0.056 

(0.006 , 0.130) 

0.771 

(0.615 , 0.902) 

-2.327 

(-5.091 , -0.205) 

USD (US Dollar) Warsaw Stock Exchange -5.084** 0.959 

(0.729 , 1.000) 

0.999 

(0.998 , 0.999) 

0.0008 

(-0.0000 , 0.0013) 

0.070 

(0.004 , 0.130) 

0.00058 

(0.00026 , 0.00094) 

0.402 

(0.146 , 0.725) 

0.148 

(0.063 , 0.300) 

0.614 

(-0.727 , 1.762) 

USD (US Dollar) 

Future 

Bolsa De Mercadorias & 

Futuros 

-10.542** 0.963 

(0.750 , 1.000) 

0.999 

(0.998 , 0.999) 

-0.0020 

(-0.0030 , -0.0012) 

-0.061 

(-0.124 , 0.005) 

0.00030 

(0.00018 , 0.00060) 

0.361 

(0.184 , 0.516) 

0.525 

(0.384 , 0.707) 

-2.822 

(-3.862 , -1.909) 

USD/HUF Budapest Stock Exchange -5.517** 0.584 

(0.251 , 0.869) 

0.999 

(0.999 , 0.999) 

0.0016 

(0.0008 , 0.0023) 

-0.419 

(-0.618 , -0.252) 

0.00043 

(0.00029 , 0.00060) 

0.334 

(0.183 , 0.540) 

0.163 

(0.100 , 0.249) 

1.576 

(-0.129 , 3.024) 

USD/RUB Russian Trading System -4.652** 0.745 

(0.384 , 0.930) 

0.999 

(0.999 , 1.000) 

-0.0015 

(-0.0023 , -0.0007) 

-0.085 

(-0.150 , 0.001) 

0.00008 

(0.00004 , 0.00012) 

0.469 

(0.246 , 0.634) 

0.129 

(0.074 , 0.174) 

-2.271 

(-3.317 , -1.294) 

ZAR/USD Future Chicago Mercantile 

Exchange 

-4.246** 0.768 

(0.388 , 1.000) 

1.003 

(1.002 , 1.004) 

0.0001 

(-0.0004 , 0.0003) 

0.219 

(0.175 , 0.266) 

0.00008 

(0.00002 , 0.00020) 

0.841 

(0.713 , 0.923) 

0.044 

(0.013 , 0.114) 

0.878 

(0.365 , 1.413) 
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APPENDIX D: INFERENCES FOR PRE & POST GFC PERIODS 

Efficiency index and parameter estimates for the sample of individual futures listed in Appendix A 

Agricultural Futures 

Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

Arabica Coffee Tokyo Grain Exchange 0.702 

(0.368 , 0.916) 

0.969 

(0.326 , 0.905) 

1.007 

(1.005 , 1.008) 

0.998 

(1.005 , 1.008) 

0.313 

(-0.628 , 2.214) 

16.891 

(-0.760 , 1.959) 

137.6 11.3 

Arabica Coffee Bolsa de Mercadorias & 

Futuros 

1.000 

(1.000 , 1.000) 

0.502 

(1.000 , 1.000) 

1.003 

(1.002 , 1.004) 

1.002 

(1.002 , 1.004) 

-2.065 

(-5.462 , -0.500) 

-0.767 

(-5.366 , -0.621) 

485.3 709 

Barley ICE Futures-US 0.785 

(0.335 , 0.972) 

1.000 

(0.269 , 0.969) 

1.003 

(1.003 , 1.004) 

0.993 

(1.003 , 1.004) 

-0.501 

(-5.006 , 0.621) 

76.490 

(-5.077 , 0.595) 

298.1 70.7 

Bread milling wheat South African Futures 

Exchange 

1.000 

(1.000 , 1.000) 

0.990 

(1.000 , 1.000) 

1.002 

(1.001 , 1.003) 

1.005 

(1.001 , 1.003) 

0.894 

(0.217 , 1.446) 

-4.569 

(0.286 , 1.456) 

363.5 698.6 

Canola ICE Futures-US 0.828 

(0.395 , 1.000) 

0.724 

(0.382 , 1.000) 

1.003 

(1.003 , 1.004) 

0.999 

(1.003 , 1.003) 

-1.563 

(-2.303 , -0.755) 

-3.567 

(-2.255 , -0.727) 

2268 4357.8 

Class III Milk (Basic Milk) Chicago Mercantile Exchange 0.647 

(0.306 , 0.906) 

0.294 

(0.269 , 0.887) 

1.001 

(1.001 , 1.001) 

1.002 

(1.001 , 1.001) 

-0.392 

(-0.885 , 0.073) 

0.105 

(-0.869 , 0.112) 

75.6 98.5 

Class IV Milk Chicago Mercantile Exchange 0.817 

(0.399 , 0.967) 

0.994 

(0.458 , 0.964) 

1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.000) 

0.656 

(0.145 , 1.416) 

0.562 

(0.230 , 1.334) 

0.4 0.3 

Cocoa ICE Futures-US 1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

1.000 

(0.999 , 1.001) 

1.000 

(0.999 , 1.001) 

5.925 

(0.908 , 22.154) 

1.115 

(0.602 , 20.845) 

3772.3 5364.1 

Cocoa NYSE.liffe 0.745 

(0.348 , 0.957) 

1.000 

(0.349 , 0.950) 

1.003 

(1.003 , 1.004) 

0.998 

(1.003 , 1.004) 

5.139 

(-0.072 , 15.874) 

-0.211 

(-0.098 , 15.412) 

3591.2 5177.4 

Coffee C ® ICE Futures-US 0.079 

(0.011 , 0.280) 

0.019 

(0.010 , 0.349) 

0.916 

(0.909 , 0.921) 

0.964 

(0.910 , 0.921) 

-7.505 

(-12.377 , -3.715) 

4.317 

(-12.152 , -3.475) 

5838.1 7198.7 

Corn Dalian Commodity Exchange 0.853 

(0.355 , 0.993) 

0.550 

(0.420 , 0.993) 

1.000 

(1.000 , 1.000) 

1.002 

(1.000 , 1.000) 

2.085 

(0.306 , 6.386) 

-2.770 

(0.233 , 5.816) 

6159 1482.3 

Corn Chicago Mercantile Exchange 0.768 

(0.352 , 0.985) 

0.947 

(0.344 , 0.988) 

1.004 

(1.000 , 1.009) 

1.002 

(1.000 , 1.009) 

-0.641 

(-2.422 , 0.002) 

-0.418 

(-2.628 , -0.032) 

31425.3 99073.5 

Corn NYSE.liffe 1.000 

(1.000 , 1.000) 

0.732 

(1.000 , 1.000) 

1.001 

(1.001 , 1.002) 

1.004 

(1.001 , 1.002) 

7.050 

(4.605 , 9.900) 

-4.907 

(4.627 , 9.874) 

296.5 956.5 

Corn Tokyo Grain Exchange 0.947 

(0.646 , 1.000) 

0.885 

(0.699 , 1.000) 

1.001 

(1.001 , 1.002) 

0.997 

(1.001 , 1.002) 

-1.587 

(-3.152 , -0.551) 

32.294 

(-3.395 , -0.526) 

360 77.9 

Corn Kansai Commodity Exchange 0.679 

(0.312 , 0.937) 

1.000 

(0.302 , 0.938) 

1.002 

(1.002 , 1.003) 

1.001 

(1.002 , 1.003) 

-0.528 

(-1.569 , 0.894) 

8.476 

(-1.656 , 0.848) 

61.6 6.5 

Cotton No. 2 ICE Futures-US 0.447 

(0.165 , 0.818) 

0.378 

(0.156 , 0.765) 

0.957 

(0.952 , 0.961) 

0.924 

(0.952 , 0.961) 

2.804 

(0.069 , 8.992) 

8.441 

(0.238 , 9.077) 

4653 5103.1 

Crude Palm Kernel Oil Malaysia Derivatives 

Exchange 

1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.001) 

1.000 

(1.000 , 1.001) 

-0.747 

(-3.907 , 3.707) 

-1.876 

(-3.944 , 3.768) 

0.1 0.1 

Crude Palm Oil Malaysia Derivatives 

Exchange 

1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

1.002 

(1.001 , 1.002) 

1.002 

(1.001 , 1.002) 

-3.568 

(-5.289 , -1.528) 

10.901 

(-5.323 , -1.765) 

299.1 406.2 

Feed Wheat NYSE.liffe 0.887 

(0.559 , 0.983) 

0.987 

(0.556 , 0.983) 

1.000 

(0.999 , 1.001) 

1.004 

(0.999 , 1.001) 

5.761 

(3.072 , 8.959) 

0.177 

(2.939 , 9.057) 

352.2 552.8 

Feeder Cattle Chicago Mercantile Exchange 0.593 

(0.240 , 0.846) 

1.000 

(0.286 , 0.868) 

0.922 

(0.911 , 0.932) 

1.008 

(0.911 , 0.932) 

1.593 

(0.326 , 2.932) 

3.393 

(0.366 , 3.056) 

1213.8 1403.2 
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Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

Frozen Shrimp Kansai Commodity Exchange 0.940 

(0.657 , 1.000) 

0.997 

(0.624 , 1.000) 

0.997 

(0.996 , 0.997) 

1.000 

(0.996 , 0.997) 

-2.188 

(-4.187 , 0.374) 

1.550 

(-4.324 , 0.311) 

136.8 3.8 

Guar Gum National Commodity and 

Derivatives Exchange of India 

0.444 

(0.140 , 0.806) 

0.715 

(0.132 , 0.784) 

0.935 

(0.756 , 1.005) 

1.007 

(0.724 , 1.005) 

-2.937 

(-9.375 , -0.443) 

0.216 

(-8.333 , -0.351) 

12116 19318 

Guar Seed National Commodity and 

Derivatives Exchange of India 

0.498 

(0.203 , 0.829) 

1.000 

(0.194 , 0.839) 

1.008 

(1.006 , 1.010) 

1.007 

(1.006 , 1.009) 

-4.991 

(-9.158 , -1.656) 

-0.129 

(-9.224 , -1.630) 

374078.6 314451.9 

Hard Red Spring Wheat Minneapolis Grain Exchange 0.906 

(0.676 , 0.987) 

0.377 

(0.665 , 0.975) 

1.012 

(1.008 , 1.015) 

0.987 

(1.008 , 1.015) 

-22.486 

(-29.783 , -13.221) 

2.060 

(-30.487 , -13.369) 

2105.8 1727.6 

Hard White Wheat Zhengzhou Commodity 

Exchange 

0.794 

(0.356 , 0.982) 

0.795 

(0.352 , 0.980) 

1.005 

(1.004 , 1.005) 

1.004 

(1.004 , 1.005) 

5.668 

(3.874 , 7.238) 

0.140 

(3.924 , 7.284) 

42418.1 653.4 

Lean Hogs Chicago Mercantile Exchange 0.916 

(0.664 , 1.000) 

0.832 

(0.650 , 1.000) 

0.981 

(0.976 , 0.985) 

1.001 

(0.977 , 0.986) 

0.185 

(-0.184 , 0.709) 

-2.988 

(-0.163 , 0.807) 

4736.5 8985.6 

Live Cattle Chicago Mercantile Exchange 0.601 

(0.250 , 0.887) 

0.491 

(0.227 , 0.900) 

0.977 

(0.966 , 0.985) 

0.905 

(0.966 , 0.985) 

-1.742 

(-3.833 , -0.437) 

8.517 

(-3.565 , -0.322) 

6383.1 12170 

Live Cattle Bolsa de Mercadorias & 

Futuros 

0.997 

(0.975 , 1.000) 

0.815 

(0.975 , 1.000) 

1.000 

(0.999 , 1.001) 

1.002 

(0.999 , 1.001) 

2.375 

(-0.538 , 7.398) 

-0.807 

(-0.205 , 7.321) 

50.2 1578.2 

Milling Wheat NYSE.liffe 0.997 

(0.971 , 1.000) 

0.520 

(0.974 , 1.000) 

1.000 

(0.999 , 1.001) 

0.970 

(0.999 , 1.001) 

7.436 

(1.564 , 23.326) 

-12.069 

(1.651 , 25.361) 

1235.4 14056.9 

Mini-sized Wheat Chicago Mercantile Exchange 0.265 

(0.041 , 0.703) 

0.969 

(0.033 , 0.687) 

1.014 

(1.008 , 1.025) 

0.995 

(1.008 , 1.024) 

-2.032 

(-22.308 , 11.380) 

-2.647 

(-22.591 , 11.524) 

90.9 200.1 

Mustard seed National Commodity and 

Derivatives Exchange of India 

0.933 

(0.615 , 1.000) 

1.000 

(0.636 , 1.000) 

1.003 

(1.001 , 1.004) 

0.999 

(1.001 , 1.004) 

1.398 

(-0.065 , 6.000) 

10.975 

(-0.022 , 5.354) 

42560.6 103267.3 

No.1 Soybeans Dalian Commodity Exchange 0.598 

(0.244 , 0.867) 

0.990 

(0.257 , 0.862) 

1.001 

(1.000 , 1.001) 

1.000 

(1.000 , 1.001) 

-0.391 

(-2.628 , 0.922) 

0.614 

(-3.144 , 0.875) 

14080.8 1043.8 

Nonfat Dry Milk Chicago Mercantile Exchange 0.898 

(0.593 , 0.980) 

0.850 

(0.592 , 0.980) 

0.997 

(0.984 , 1.002) 

0.999 

(0.985 , 1.002) 

0.065 

(-0.185 , 0.342) 

3.486 

(-0.181 , 0.347) 

0.1 0.7 

Oats Chicago Mercantile Exchange 0.374 

(0.077 , 0.783) 

0.984 

(0.085 , 0.768) 

1.047 

(1.036 , 1.053) 

0.981 

(1.036 , 1.054) 

-3.672 

(-12.213 , 8.994) 

-0.586 

(-12.330 , 7.742) 

656.7 615.1 

Pepper National Commodity and 

Derivatives Exchange of India 

0.703 

(0.333 , 0.913) 

0.628 

(0.362 , 0.932) 

1.000 

(0.998 , 1.002) 

1.002 

(0.998 , 1.002) 

-4.052 

(-18.927 , 1.589) 

4.001 

(-15.896 , 1.479) 

12224.7 8628.9 

Random Length Lumber Chicago Mercantile Exchange 1.000 

(1.000 , 1.000) 

0.914 

(1.000 , 1.000) 

0.998 

(0.997 , 0.999) 

0.998 

(0.997 , 0.999) 

-2.801 

(-6.879 , -1.095) 

1.797 

(-7.772 , -1.210) 

554.8 572.7 

Rapeseed NYSE.liffe 0.781 

(0.391 , 0.996) 

0.656 

(0.395 , 0.997) 

1.000 

(1.000 , 1.001) 

1.005 

(1.000 , 1.001) 

-0.810 

(-2.578 , 0.213) 

4.009 

(-2.688 , 0.258) 

972.4 5020.2 

Raw Sugar Tokyo Grain Exchange 0.943 

(0.660 , 1.000) 

0.946 

(0.632 , 1.000) 

1.002 

(1.001 , 1.003) 

1.000 

(1.001 , 1.003) 

-0.163 

(-1.413 , 0.540) 

-29.633 

(-1.511 , 0.572) 

60 34.5 

Raw Sugar Kansai Commodity Exchange 1.000 

(1.000 , 1.000) 

0.775 

(1.000 , 1.000) 

1.001 

(1.000 , 1.001) 

1.002 

(1.000 , 1.001) 

4.072 

(2.258 , 5.514) 

-0.835 

(2.207 , 5.596) 

7.5 3.7 

Rough Rice Chicago Mercantile Exchange 0.585 

(0.263 , 0.892) 

0.724 

(0.236 , 0.873) 

1.011 

(1.010 , 1.012) 

0.992 

(1.010 , 1.012) 

1.368 

(-0.441 , 3.343) 

0.202 

(-0.347 , 3.544) 

391.9 692.4 

Soy Bean National Commodity and 

Derivatives Exchange of India 

0.750 

(0.375 , 1.000) 

1.000 

(0.368 , 1.000) 

1.003 

(1.002 , 1.005) 

0.997 

(1.002 , 1.006) 

-3.155 

(-6.349 , -1.144) 

16.696 

(-6.645 , -1.176) 

56353.3 141652.7 

Soy oil National Commodity and 

Derivatives Exchange of India 

1.000 

(1.000 , 1.000) 

0.969 

(1.000 , 1.000) 

0.999 

(0.998 , 1.000) 

1.001 

(0.998 , 1.000) 

0.040 

(-1.013 , 0.708) 

7.055 

(-1.126 , 0.721) 

32560.5 119110.5 

Soybean Tokyo Grain Exchange 0.959 

(0.732 , 1.000) 

0.890 

(0.728 , 1.000) 

0.999 

(0.999 , 1.000) 

0.974 

(0.999 , 1.000) 

2.169 

(0.590 , 4.167) 

2.065 

(0.710 , 3.937) 

146.2 66.9 

Soybean Bolsa de Mercadorias & 

Futuros 

0.501 

(0.141 , 0.835) 

1.000 

(0.203 , 0.821) 

1.007 

(1.002 , 1.017) 

0.998 

(1.002 , 1.017) 

-18.966 

(-48.584 , -2.445) 

15.042 

(-51.452 , -2.981) 

45.8 56.6 

Soybean Meal Chicago Mercantile Exchange 0.762 

(0.345 , 0.955) 

0.975 

(0.418 , 0.958) 

1.003 

(1.003 , 1.004) 

0.998 

(1.003 , 1.004) 

-0.139 

(-1.479 , 0.832) 

0.218 

(-1.280 , 0.876) 

9453 17495 
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Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

Soybean Meal Dalian Commodity Exchange 0.395 

(0.121 , 0.750) 

0.700 

(0.109 , 0.729) 

1.003 

(1.002 , 1.003) 

0.895 

(1.002 , 1.003) 

1.145 

(0.049 , 3.518) 

-1.620 

(0.088 , 3.509) 

8974.8 1042 

Soybean Oil Chicago Mercantile Exchange 0.933 

(0.664 , 1.000) 

0.981 

(0.639 , 1.000) 

0.990 

(0.988 , 0.991) 

0.996 

(0.988 , 0.992) 

-1.127 

(-1.693 , 0.021) 

1.216 

(-1.696 , -0.204) 

9102.8 24607.1 

Soybeans Chicago Mercantile Exchange 0.810 

(0.495 , 0.952) 

0.985 

(0.535 , 0.960) 

1.006 

(1.005 , 1.007) 

0.999 

(1.005 , 1.007) 

-0.365 

(-0.782 , 0.112) 

12.931 

(-0.802 , 0.080) 

21279.1 54290.1 

Soybeans of Class SB South African Futures 

Exchange 

0.698 

(0.303 , 1.000) 

0.878 

(0.324 , 1.000) 

0.999 

(0.998 , 1.001) 

1.000 

(0.998 , 1.001) 

0.958 

(0.446 , 1.702) 

-0.461 

(0.421 , 1.601) 

42.2 158 

Sugar No. 11 ICE Futures-US 0.692 

(0.305 , 0.951) 

0.803 

(0.347 , 0.967) 

0.995 

(0.994 , 0.997) 

0.975 

(0.994 , 0.997) 

0.789 

(-0.869 , 4.935) 

3.325 

(-0.771 , 5.657) 

23527.3 45379.9 

Sunflower Seed South African Futures 

Exchange 

1.000 

(1.000 , 1.000) 

0.879 

(1.000 , 1.000) 

1.000 

(0.998 , 1.001) 

0.999 

(0.998 , 1.001) 

11.225 

(5.468 , 24.045) 

9.529 

(5.485 , 21.658) 

110.9 209.5 

Turmeric National Commodity and 

Derivatives Exchange of India 

0.916 

(0.675 , 1.000) 

0.943 

(0.665 , 1.000) 

1.000 

(0.997 , 1.002) 

0.995 

(0.997 , 1.002) 

-2.867 

(-14.005 , 4.055) 

11.635 

(-13.515 , 3.317) 

20096.7 22745.1 

Wheat Chicago Mercantile Exchange 0.975 

(0.891 , 0.997) 

0.832 

(0.866 , 0.996) 

1.011 

(1.010 , 1.013) 

0.985 

(1.010 , 1.013) 

-1.763 

(-8.051 , 1.710) 

2.687 

(-7.888 , 1.728) 

13025 33270.9 

White Maize South African Futures 

Exchange 

0.832 

(0.361 , 1.000) 

0.774 

(0.296 , 1.000) 

1.003 

(1.002 , 1.004) 

1.005 

(1.002 , 1.004) 

1.895 

(-1.743 , 5.836) 

4.442 

(-2.064 , 5.658) 

1057.3 1158.3 

White Sugar NYSE.liffe 0.634 

(0.264 , 0.897) 

0.839 

(0.274 , 0.916) 

1.002 

(1.001 , 1.003) 

1.001 

(1.001 , 1.003) 

1.397 

(-0.064 , 2.857) 

2.679 

(-0.232 , 2.830) 

5108.1 6440.4 

Yellow Maize South African Futures 

Exchange 

0.831 

(0.414 , 0.980) 

0.922 

(0.465 , 0.985) 

1.001 

(1.000 , 1.003) 

1.006 

(1.000 , 1.003) 

-6.253 

(-21.966 , 2.938) 

2.519 

(-23.174 , 2.624) 

275.3 522.4 

Energy Futures 

Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

Crude Oil Tokyo Commodity Exchange 0.889 

(0.526 , 0.986) 

0.994 

(0.524 , 0.993) 

1.001 

(1.001 , 1.002) 

1.000 

(1.001 , 1.002) 

1.590 

(-0.114 , 3.917) 

8.190 

(-0.161 , 3.756) 

70.5 48.1 

Fuel Oil Shanghai Futures Exchange 0.866 

(0.432 , 1.000) 

0.849 

(0.475 , 1.000) 

1.001 

(1.001 , 1.001) 

0.999 

(1.001 , 1.001) 

2.157 

(0.895 , 4.558) 

2.492 

(0.883 , 4.642) 

1513.8 7966.8 

Gasoline Tokyo Commodity Exchange 0.994 

(0.946 , 1.000) 

0.901 

(0.964 , 1.000) 

1.000 

(1.000 , 1.001) 

1.001 

(1.000 , 1.001) 

-0.145 

(-0.759 , 0.197) 

9.995 

(-0.682 , 0.220) 

592.2 254.8 

Heating Oil Chicago Mercantile Exchange 1.000 

(1.000 , 1.000) 

0.901 

(1.000 , 1.000) 

1.001 

(0.996 , 1.005) 

0.989 

(0.996 , 1.005) 

7.134 

(1.764 , 14.241) 

14.113 

(1.869 , 14.040) 

22944.8 38745.4 

ICE Brent Crude ICE Futures-Europe 0.478 

(0.179 , 0.810) 

0.866 

(0.176 , 0.826) 

1.005 

(1.004 , 1.006) 

1.001 

(1.004 , 1.006) 

-3.080 

(-4.313 , -1.569) 

22.292 

(-4.355 , -1.612) 

55505.1 154300 

ICE Gasoil ICE Futures-Europe 0.424 

(0.118 , 0.784) 

0.866 

(0.098 , 0.757) 

1.003 

(1.003 , 1.004) 

1.001 

(1.003 , 1.004) 

-1.635 

(-5.062 , 2.206) 

17.467 

(-5.142 , 1.950) 

16167.9 39658.2 

Kerosene Tokyo Commodity Exchange 0.598 

(0.212 , 0.916) 

0.969 

(0.276 , 0.902) 

1.001 

(1.001 , 1.003) 

0.999 

(1.001 , 1.003) 

4.317 

(1.257 , 7.414) 

23.573 

(1.395 , 7.511) 

481.8 346.9 

Light Sweet Crude Oil (WTI) Chicago Mercantile Exchange 0.933 

(0.710 , 1.000) 

0.829 

(0.665 , 1.000) 

1.004 

(1.003 , 1.004) 

0.996 

(1.003 , 1.004) 

0.562 

(-0.335 , 1.364) 

13.486 

(-0.287 , 1.413) 

121499.1 314088.7 

Natural Gas (Henry Hub) Chicago Mercantile Exchange 1.000 

(1.000 , 1.000) 

0.836 

(1.000 , 1.000) 

0.999 

(0.997 , 1.000) 

0.976 

(0.998 , 1.000) 

0.885 

(-1.198 , 2.021) 

-3.890 

(-1.373 , 1.947) 

33975.5 105703.6 
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Industrial Materials Futures 

Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

Aluminium London Metal Exchange 0.990 

(0.932 , 1.000) 

1.000 

(0.916 , 1.000) 

1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

-1.190 

(-2.312 , 0.005) 

4.602 

(-2.272 , 0.127) 

4338.7 17641.6 

Aluminium Alloy London Metal Exchange 0.822 

(0.536 , 0.951) 

0.895 

(0.549 , 0.953) 

1.001 

(1.000 , 1.001) 

1.000 

(1.000 , 1.001) 

-2.911 

(-6.211 , -0.210) 

15.178 

(-6.293 , -0.248) 

22.6 156.6 

Aluminium Shanghai Futures Exchange 0.778 

(0.344 , 1.000) 

0.503 

(0.302 , 1.000) 

1.001 

(1.001 , 1.002) 

0.961 

(1.001 , 1.002) 

-6.457 

(-8.941 , -4.685) 

24.041 

(-9.642 , -4.896) 

1179 3159.9 

Copper London Metal Exchange 0.997 

(0.975 , 1.000) 

1.000 

(0.975 , 1.000) 

1.001 

(1.001 , 1.001) 

1.001 

(1.001 , 1.001) 

-3.576 

(-4.681 , -2.616) 

9.119 

(-4.865 , -2.601) 

2242.5 8546.9 

Copper Chicago Mercantile Exchange 0.619 

(0.278 , 0.877) 

0.947 

(0.261 , 0.874) 

1.006 

(1.003 , 1.008) 

0.997 

(1.003 , 1.008) 

1.835 

(0.269 , 4.227) 

11.027 

(0.056 , 4.189) 

419.8 184.2 

Copper Cathode Shanghai Futures Exchange 0.785 

(0.416 , 1.000) 

0.994 

(0.409 , 1.000) 

1.002 

(1.001 , 1.002) 

1.000 

(1.001 , 1.002) 

-9.787 

(-12.928 , -8.019) 

7.634 

(-13.768 , -8.059) 

2157 4005 

Nickel Multi Commodity Exchange of 

India 

0.617 

(0.271 , 0.934) 

1.000 

(0.258 , 0.935) 

1.001 

(1.000 , 1.003) 

1.001 

(1.000 , 1.003) 

0.633 

(-0.654 , 2.226) 

0.310 

(-0.956 , 2.232) 

5671.5 39438.5 

Rubber Tokyo Commodity Exchange 1.000 

(1.000 , 1.000) 

0.911 

(1.000 , 1.000) 

1.004 

(1.001 , 1.006) 

1.013 

(1.001 , 1.006) 

2.797 

(1.565 , 4.015) 

4.962 

(1.715 , 4.078) 

236.9 53.5 

Tin Multi Commodity Exchange of 

India 

0.633 

(0.254 , 0.882) 

0.832 

(0.208 , 0.889) 

1.009 

(1.008 , 1.010) 

0.999 

(1.008 , 1.010) 

-2.607 

(-6.283 , 0.583) 

0.746 

(-6.618 , 0.247) 

101.5 5.7 

Zinc London Metal Exchange 0.775 

(0.400 , 0.952) 

0.975 

(0.360 , 0.956) 

1.000 

(1.000 , 1.001) 

1.001 

(1.000 , 1.001) 

-7.513 

(-9.788 , -5.086) 

0.527 

(-9.669 , -5.038) 

1546.3 5310.1 

Precious Metals Futures 

Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏  

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

Gold Chicago Mercantile Exchange 0.813 

(0.411 , 0.996) 

0.901 

(0.349 , 0.995) 

1.001 

(1.001 , 1.001) 

1.001 

(1.001 , 1.001) 

-2.809 

(-6.109 , -0.765) 

0.377 

(-6.243 , -0.838) 

188.2 392.8 

Gold Multi Commodity Exchange of 

India 

0.569 

(0.256 , 0.901) 

0.467 

(0.238 , 0.890) 

1.001 

(1.000 , 1.001) 

1.002 

(1.000 , 1.001) 

5.003 

(3.198 , 6.846) 

0.491 

(3.502 , 6.908) 

604993 36837.7 

Gold Tokyo Commodity Exchange 0.682 

(0.286 , 0.924) 

0.949 

(0.330 , 0.931) 

1.001 

(1.000 , 1.001) 

1.000 

(1.000 , 1.001) 

-1.719 

(-3.744 , -0.013) 

18.565 

(-3.688 , 0.178) 

482.9 222.6 

Palladium Tokyo Commodity Exchange 1.000 

(1.000 , 1.000) 

0.975 

(1.000 , 1.000) 

0.998 

(0.997 , 0.999) 

1.004 

(0.997 , 0.999) 

-1.897 

(-3.256 , -0.941) 

-2.481 

(-3.578 , -1.022) 

26.3 9.7 

Palladium Chicago Mercantile Exchange 0.706 

(0.305 , 0.988) 

0.501 

(0.305 , 0.988) 

1.001 

(1.000 , 1.003) 

1.001 

(1.000 , 1.003) 

0.960 

(0.212 , 2.230) 

1.529 

(0.134 , 2.267) 

504.6 119.4 

Platinum Tokyo Commodity Exchange 0.735 

(0.389 , 0.929) 

0.879 

(0.366 , 0.927) 

1.005 

(1.004 , 1.005) 

1.000 

(1.004 , 1.005) 

-0.160 

(-1.528 , 0.654) 

2.954 

(-1.591 , 0.787) 

292.7 53.3 

Silver Tokyo Commodity Exchange 0.515 

(0.178 , 0.831) 

0.732 

(0.189 , 0.861) 

0.998 

(0.995 , 1.003) 

1.001 

(0.995 , 1.004) 

-11.305 

(-22.223 , 0.352) 

12.841 

(-21.781 , -0.366) 

27 5.3 

Silver Chicago Mercantile Exchange 0.827 

(0.406 , 1.000) 

0.990 

(0.364 , 1.000) 

1.003 

(1.002 , 1.005) 

1.002 

(1.002 , 1.005) 

0.309 

(-1.495 , 1.786) 

1.411 

(-1.332 , 1.742) 

82.1 131.4 

Silver Multi Commodity Exchange of 

India 

0.918 

(0.707 , 0.992) 

0.768 

(0.683 , 0.992) 

1.001 

(1.001 , 1.002) 

1.003 

(1.000 , 1.002) 

-1.996 

(-11.360 , 2.286) 

-1.598 

(-10.457 , 2.094) 

297849.7 49776.4 

Silver M Multi Commodity Exchange of 

India 

0.686 

(0.208 , 0.947) 

0.433 

(0.294 , 0.950) 

1.004 

(1.003 , 1.004) 

1.006 

(1.003 , 1.004) 

-6.478 

(-11.443 , -1.359) 

2.207 

(-12.025 , -1.791) 

16281.2 72264.9 
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Index Futures 

Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

Amsterdam Index NYSE LIFFE 0.971 

(0.895 , 0.997) 

0.683 

(0.868 , 0.997) 

0.998 

(0.998 , 0.999) 

1.002 

(0.998 , 0.999) 

7.003 

(2.702 , 11.060) 

2.068 

(2.891 , 11.418) 

18844.6 34090.8 

ATX Five Stock Wiener Borse 0.398 

(0.110 , 0.762) 

0.800 

(0.097 , 0.724) 

1.002 

(1.000 , 1.003) 

1.002 

(1.000 , 1.003) 

3.872 

(-11.256 , 17.968) 

-0.175 

(-11.912 , 18.012) 

37.1 77 

Austrian Traded Wiener Borse 0.984 

(0.922 , 1.000) 

0.839 

(0.929 , 1.000) 

1.001 

(1.001 , 1.002) 

1.002 

(1.001 , 1.002) 

-0.155 

(-3.911 , 1.891) 

2.178 

(-3.727 , 1.682) 

258.3 305 

Bovespa Bolsa De Mercadorias & 

Futuros 

0.953 

(0.803 , 0.991) 

0.878 

(0.832 , 0.992) 

1.000 

(1.000 , 1.001) 

1.002 

(1.000 , 1.001) 

2.328 

(1.149 , 6.185) 

3.239 

(1.103 , 6.036) 

35511.2 76845.8 

BUX Index Budapest Stock Exchange 0.994 

(0.956 , 1.000) 

0.822 

(0.964 , 1.000) 

1.005 

(0.999 , 1.019) 

1.000 

(0.999 , 1.017) 

-18.080 

(-81.646 , 7.554) 

7.839 

(-72.103 , 7.566) 

1393.4 2972 

CAC 40 10 EUR NYSE LIFFE 0.953 

(0.842 , 0.991) 

0.852 

(0.795 , 0.990) 

0.999 

(0.999 , 0.999) 

1.002 

(0.999 , 0.999) 

1.934 

(0.412 , 4.342) 

2.118 

(0.388 , 4.075) 

84699.7 121840.9 

CNX Nifty National Stock Exchange 1.000 

(1.000 , 1.000) 

0.969 

(1.000 , 1.000) 

1.001 

(1.000 , 1.001) 

0.999 

(1.000 , 1.001) 

0.121 

(-0.474 , 0.679) 

6.236 

(-0.430 , 0.648) 

171033.5 464666.4 

CNX Nifty CNXIT National Stock Exchange 0.997 

(0.977 , 1.000) 

0.994 

(0.970 , 1.000) 

1.000 

(1.000 , 1.001) 

1.001 

(0.999 , 1.001) 

0.436 

(-1.063 , 1.762) 

-3.715 

(-1.228 , 1.776) 

551.3 194.8 

DAX Index Eurex 0.926 

(0.740 , 0.985) 

0.974 

(0.755 , 0.982) 

0.999 

(0.998 , 0.999) 

1.002 

(0.998 , 0.999) 

5.912 

(1.939 , 15.875) 

0.677 

(1.901 , 16.217) 

104666.3 151806.3 

DJ Industrial Average Chicago Board of Trade 0.876 

(0.479 , 0.986) 

0.631 

(0.460 , 0.986) 

0.999 

(0.999 , 1.000) 

1.002 

(0.999 , 1.000) 

5.372 

(2.947 , 9.859) 

2.468 

(2.899 , 10.019) 

10848.2 1020.8 

DJ Industrial Average Mini Chicago Board of Trade 0.863 

(0.566 , 0.988) 

0.631 

(0.545 , 0.989) 

1.000 

(1.000 , 1.000) 

1.002 

(1.000 , 1.000) 

2.162 

(0.426 , 4.331) 

2.468 

(0.576 , 4.354) 

97544.5 139089.9 

Euro Stoxx 50 Eurex 0.798 

(0.380 , 0.967) 

0.821 

(0.385 , 0.959) 

1.000 

(0.999 , 1.001) 

1.002 

(0.999 , 1.001) 

0.660 

(-5.099 , 3.264) 

2.007 

(-5.198 , 3.212) 

508093.2 1278531.2 

Euro STOXX Auto Eurex 0.987 

(0.932 , 1.000) 

0.962 

(0.934 , 1.000) 

0.999 

(0.999 , 0.999) 

1.005 

(0.999 , 0.999) 

7.411 

(5.092 , 11.483) 

-0.018 

(4.848 , 11.137) 

305.4 275.8 

Euro STOXX Banks Eurex 0.878 

(0.604 , 0.970) 

0.947 

(0.661 , 0.972) 

0.999 

(0.999 , 0.999) 

1.005 

(0.999 , 0.999) 

3.127 

(1.885 , 4.783) 

0.042 

(2.068 , 4.948) 

965.1 10226.9 

Euro STOXX Construction Eurex 0.142 

(0.036 , 0.416) 

0.886 

(0.033 , 0.439) 

0.999 

(0.999 , 1.000) 

1.005 

(0.999 , 1.000) 

2.388 

(1.485 , 3.597) 

1.391 

(1.615 , 3.782) 

34.5 117.7 

Euro STOXX Food & Bev Eurex 0.779 

(0.368 , 0.958) 

0.908 

(0.408 , 0.963) 

1.000 

(1.000 , 1.001) 

1.002 

(1.000 , 1.001) 

6.493 

(0.856 , 13.026) 

1.350 

(0.785 , 13.897) 

39.5 66.6 

Euro STOXX Healthcare Eurex 1.000 

(1.000 , 1.000) 

0.874 

(1.000 , 1.000) 

0.998 

(0.997 , 0.999) 

1.003 

(0.997 , 0.999) 

0.484 

(-3.746 , 4.022) 

1.346 

(-3.615 , 4.371) 

40.7 120.3 

Euro STOXX Insurance Eurex 0.985 

(0.888 , 1.000) 

0.955 

(0.870 , 1.000) 

1.000 

(1.000 , 1.001) 

1.003 

(1.000 , 1.001) 

5.893 

(2.603 , 11.024) 

0.041 

(2.567 , 10.478) 

539.5 649.3 

Euro STOXX Oil & Gas Eurex 0.984 

(0.918 , 1.000) 

0.792 

(0.921 , 1.000) 

1.000 

(0.999 , 1.000) 

1.003 

(0.999 , 1.000) 

8.684 

(3.427 , 18.776) 

-1.047 

(3.567 , 19.956) 

293.8 291.3 

Euro STOXX 

Personal&Household 

Eurex 0.997 

(0.967 , 1.000) 

0.650 

(0.969 , 1.000) 

1.000 

(0.999 , 1.000) 

1.003 

(0.999 , 1.000) 

9.278 

(3.802 , 16.280) 

1.889 

(4.148 , 17.763) 

24.8 43.9 

Euro STOXX Retail Eurex 0.490 

(0.179 , 0.814) 

0.902 

(0.205 , 0.822) 

1.000 

(1.000 , 1.001) 

1.001 

(1.000 , 1.001) 

8.991 

(4.613 , 11.986) 

1.011 

(4.962 , 12.022) 

26.7 70.3 

Euro STOXX Telecom Eurex 0.918 

(0.556 , 1.000) 

0.971 

(0.429 , 1.000) 

0.999 

(0.999 , 1.000) 

1.002 

(0.999 , 1.000) 

4.627 

(2.074 , 7.473) 

1.561 

(2.043 , 7.347) 

500.6 420.5 

Euro STOXX 

Travel&Leisure 

Eurex 1.000 

(1.000 , 1.000) 

0.665 

(1.000 , 1.000) 

0.999 

(0.999 , 1.000) 

1.004 

(0.999 , 1.000) 

1.084 

(0.476 , 1.846) 

1.732 

(0.464 , 1.867) 

38.3 85.1 

Euro STOXX Utilities Eurex 0.789 

(0.388 , 0.990) 

0.735 

(0.409 , 0.989) 

1.001 

(1.000 , 1.001) 

0.999 

(1.000 , 1.001) 

4.470 

(-1.377 , 9.503) 

1.045 

(-1.513 , 9.215) 

143.9 306.3 
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Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

FTSE 100 NYSE LIFFE 0.796 

(0.465 , 0.966) 

0.994 

(0.435 , 0.966) 

0.999 

(0.999 , 1.000) 

1.001 

(0.999 , 1.000) 

1.132 

(-1.318 , 2.772) 

8.124 

(-1.267 , 2.799) 

64561.6 108645.4 

FTSE 20 Athens Derivative 

Exchange 

0.994 

(0.955 , 1.000) 

0.921 

(0.931 , 1.000) 

0.998 

(0.998 , 0.999) 

1.000 

(0.998 , 0.999) 

5.618 

(1.576 , 16.393) 

0.598 

(1.342 , 14.705) 

4339.2 8303.7 

FTSE KLCI Future Malaysia Derivatives Ex. 

(KLO) 

1.000 

(1.000 , 1.000) 

0.985 

(1.000 , 1.000) 

0.999 

(0.998 , 0.999) 

1.001 

(0.998 , 0.999) 

-0.026 

(-6.534 , 3.703) 

-0.761 

(-6.455 , 3.604) 

3569.2 6880.2 

FTSE MIB Borsa Italiana (IDEM) 0.066 

(0.015 , 0.225) 

0.818 

(0.017 , 0.250) 

0.999 

(0.999 , 0.999) 

1.001 

(0.999 , 0.999) 

1.436 

(0.880 , 2.357) 

-0.422 

(0.897 , 2.288) 

12653.3 18505.9 

FTSE MIB Mini Borsa Italiana (IDEM) 0.066 

(0.011 , 0.247) 

0.765 

(0.015 , 0.207) 

0.999 

(0.999 , 0.999) 

1.001 

(0.999 , 0.999) 

1.443 

(0.900 , 2.346) 

-0.394 

(0.888 , 2.355) 

6080.4 10982.6 

FTSE/JSE 15 South African Futures 

Exchange 

0.947 

(0.788 , 1.000) 

0.219 

(0.809 , 1.000) 

0.997 

(0.996 , 0.998) 

1.004 

(0.996 , 0.998) 

9.864 

(-0.106 , 21.621) 

0.714 

(-0.923 , 20.484) 

77.2 31.1 

FTSE/JSE Industrial 25 South African Futures 

Exchange 

0.664 

(0.301 , 0.911) 

0.057 

(0.295 , 0.921) 

0.998 

(0.997 , 0.998) 

1.004 

(0.997 , 0.998) 

1.893 

(0.101 , 4.191) 

0.405 

(0.340 , 4.485) 

2359.7 24.4 

FTSE/JSE Shareholder 

Weighted Top 40 

South African Futures 

Exchange 

0.197 

(0.018 , 0.751) 

0.358 

(0.017 , 0.670) 

0.999 

(0.998 , 1.000) 

1.003 

(0.998 , 1.000) 

2.007 

(0.133 , 5.303) 

2.929 

(0.164 , 5.553) 

2314.2 11439.1 

FTSE/JSE Top 40 South African Futures 

Exchange 

0.877 

(0.618 , 0.976) 

0.884 

(0.638 , 0.981) 

0.998 

(0.997 , 0.998) 

1.002 

(0.997 , 0.998) 

2.788 

(0.818 , 5.997) 

10.912 

(0.904 , 5.754) 

26174.8 43129 

Hang Seng Hong Kong Futures 

Exchange 

1.000 

(1.000 , 1.000) 

0.985 

(1.000 , 1.000) 

1.000 

(1.000 , 1.001) 

0.999 

(1.000 , 1.001) 

7.246 

(3.951 , 9.728) 

12.218 

(4.005 , 9.584) 

29180.6 72610.5 

Hang Seng China Enterprises Hong Kong Futures 

Exchange 

0.736 

(0.305 , 0.926) 

0.959 

(0.299 , 0.934) 

1.001 

(1.001 , 1.002) 

0.999 

(1.001 , 1.002) 

1.597 

(-0.320 , 5.261) 

11.140 

(-0.351 , 5.107) 

17465.7 41434.1 

Hang Seng mini Hong Kong Futures 

Exchange 

1.000 

(1.000 , 1.000) 

0.985 

(1.000 , 1.000) 

1.000 

(1.000 , 1.001) 

0.999 

(1.000 , 1.001) 

8.105 

(5.626 , 11.071) 

12.218 

(5.692 , 11.174) 

8238.2 34415.7 

HEX 25 Eurex 0.956 

(0.753 , 0.995) 

0.710 

(0.810 , 0.996) 

1.000 

(1.000 , 1.000) 

1.002 

(1.000 , 1.000) 

2.776 

(-0.610 , 6.219) 

-0.371 

(-0.188 , 6.076) 

134.2 361.9 

IBEX 35 Meff Renta Variable 

(Madrid) 

0.921 

(0.642 , 0.990) 

0.968 

(0.657 , 0.989) 

0.999 

(0.999 , 1.000) 

1.002 

(0.999 , 1.000) 

1.479 

(0.470 , 3.005) 

1.020 

(0.627 , 3.135) 

12222.7 14709.6 

IBEX 35 Mini Meff Renta Variable 

(Madrid) 

0.978 

(0.859 , 1.000) 

0.968 

(0.866 , 1.000) 

0.999 

(0.999 , 1.000) 

1.002 

(0.999 , 1.000) 

3.609 

(1.158 , 7.046) 

1.020 

(1.064 , 7.360) 

5586.5 10990.4 

KOSPI200 Korea Exchange 0.990 

(0.932 , 1.000) 

0.349 

(0.911 , 1.000) 

1.003 

(1.002 , 1.005) 

0.981 

(1.002 , 1.005) 

0.740 

(-1.196 , 1.985) 

1.907 

(-1.251 , 1.974) 

174169.9 316039.9 

MEX Bolsa Mercado Mexicano de 

Derivados 

0.985 

(0.891 , 1.000) 

0.734 

(0.848 , 1.000) 

1.000 

(1.000 , 1.000) 

1.003 

(1.000 , 1.000) 

0.907 

(0.008 , 5.176) 

2.401 

(-0.025 , 4.347) 

871.8 3082.3 

MIDWIG Warsaw Stock Exchange 0.727 

(0.350 , 0.993) 

0.775 

(0.354 , 0.992) 

1.005 

(1.002 , 1.007) 

1.002 

(1.003 , 1.007) 

-9.377 

(-30.457 , 7.182) 

1.172 

(-30.171 , 8.723) 

41 89 

MSCI Singapore Singapore Exchange (was 

SIMEX) 

0.860 

(0.489 , 1.000) 

0.884 

(0.473 , 1.000) 

0.999 

(0.997 , 1.002) 

1.001 

(0.997 , 1.002) 

9.942 

(-8.589 , 21.292) 

10.097 

(-6.930 , 22.081) 

3634.3 9081.1 

NASDAQ 100 Chicago Mercantile 

Exchange 

0.994 

(0.955 , 1.000) 

0.167 

(0.959 , 1.000) 

0.999 

(0.998 , 0.999) 

1.003 

(0.998 , 0.999) 

11.495 

(6.267 , 18.924) 

2.947 

(6.243 , 19.084) 

12174.8 1936.6 

NASDAQ 100 E-mini Chicago Mercantile 

Exchange 

0.968 

(0.853 , 1.000) 

0.167 

(0.835 , 1.000) 

0.999 

(0.998 , 0.999) 

1.003 

(0.998 , 0.999) 

11.192 

(6.148 , 16.957) 

2.947 

(6.509 , 17.089) 

234686.3 283914 

Nikkei 225 Chicago Mercantile 

Exchange 

0.918 

(0.568 , 1.000) 

0.578 

(0.553 , 1.000) 

0.998 

(0.996 , 0.999) 

1.004 

(0.996 , 0.999) 

13.516 

(7.926 , 19.497) 

1.235 

(8.382 , 20.818) 

5683.5 10189.5 

Nikkei 225 Osaka Securities 

Exchange 

0.969 

(0.786 , 1.000) 

0.639 

(0.774 , 1.000) 

1.002 

(1.001 , 1.002) 

1.001 

(1.001 , 1.002) 

11.714 

(8.461 , 17.663) 

-0.928 

(7.879 , 16.291) 

58698 71757.4 

Nikkei 225 Singapore Exchange (was 

SIMEX) 

0.924 

(0.698 , 1.000) 

0.681 

(0.616 , 1.000) 

1.003 

(1.002 , 1.004) 

1.001 

(1.002 , 1.004) 

6.017 

(0.129 , 14.039) 

0.989 

(0.161 , 13.241) 

38223.1 100261.6 

Nikkei 225 Yen Chicago Mercantile 

Exchange 

0.370 

(0.139 , 0.790) 

0.681 

(0.105 , 0.774) 

1.004 

(1.003 , 1.004) 

1.001 

(1.003 , 1.004) 

3.599 

(1.595 , 7.985) 

-0.568 

(1.623 , 8.658) 

6970.2 20322.2 
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Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

OBX Oslo Stock Exchange 0.466 

(0.167 , 0.799) 

0.884 

(0.203 , 0.829) 

1.005 

(1.003 , 1.006) 

1.000 

(1.003 , 1.006) 

-1.639 

(-4.403 , 1.155) 

37.553 

(-4.575 , 0.991) 

5788.8 12032.6 

Russell 1000 Mini ICE Futures US Indices 0.965 

(0.883 , 0.993) 

0.584 

(0.874 , 0.992) 

1.000 

(1.000 , 1.001) 

1.003 

(1.000 , 1.001) 

4.069 

(2.138 , 6.695) 

3.550 

(2.204 , 6.871) 

1046.4 922.7 

S&P 500 Chicago Mercantile 

Exchange 

0.931 

(0.770 , 0.992) 

0.658 

(0.787 , 0.987) 

0.999 

(0.999 , 0.999) 

1.003 

(0.999 , 0.999) 

5.515 

(2.610 , 10.213) 

1.903 

(2.569 , 9.942) 

55660.1 23232.9 

S&P 500 E-mini Chicago Mercantile 

Exchange 

0.963 

(0.735 , 1.000) 

0.377 

(0.781 , 1.000) 

0.999 

(0.999 , 1.000) 

1.003 

(0.999 , 1.000) 

6.412 

(3.246 , 10.039) 

0.937 

(2.898 , 9.583) 

725182.6 2082955.9 

S&P MidCap 400 E-mini Chicago Mercantile 

Exchange 

1.000 

(1.000 , 1.000) 

0.737 

(1.000 , 1.000) 

1.000 

(0.999 , 1.000) 

1.003 

(0.999 , 1.000) 

6.125 

(3.419 , 15.573) 

1.136 

(3.367 , 15.635) 

14943.1 27825 

S&P Toronto 60 Montreal Exchange 0.975 

(0.883 , 1.000) 

0.627 

(0.891 , 1.000) 

1.000 

(1.000 , 1.000) 

1.002 

(1.000 , 1.000) 

2.102 

(0.846 , 5.787) 

4.288 

(0.853 , 5.853) 

5858.4 12572.2 

STOXX 50 Future Eurex 0.948 

(0.795 , 0.994) 

0.773 

(0.762 , 0.992) 

0.999 

(0.999 , 0.999) 

1.002 

(0.999 , 0.999) 

3.507 

(-0.309 , 7.117) 

2.175 

(-0.237 , 7.025) 

2137 3260.4 

STOXX 600 Basic Resources Eurex 0.123 

(0.020 , 0.410) 

0.701 

(0.022 , 0.442) 

1.002 

(1.000 , 1.003) 

1.004 

(1.000 , 1.003) 

0.353 

(-3.723 , 7.557) 

5.429 

(-3.129 , 9.297) 

392.7 1936.5 

STOXX 600 Financial 

Services 

Eurex 0.038 

(0.006 , 0.146) 

0.531 

(0.005 , 0.140) 

1.000 

(0.999 , 1.001) 

1.003 

(0.999 , 1.001) 

1.983 

(-0.207 , 4.211) 

3.649 

(-0.524 , 4.095) 

115 89.4 

STOXX 600 Food & 

Beverage 

Eurex 0.559 

(0.191 , 0.864) 

0.791 

(0.205 , 0.882) 

1.001 

(1.000 , 1.002) 

1.001 

(1.000 , 1.002) 

-7.732 

(-16.703 , 1.489) 

5.979 

(-15.882 , 0.400) 

166.5 538.6 

STOXX 600 Healthcare Eurex 1.000 

(1.000 , 1.000) 

0.677 

(1.000 , 1.000) 

0.999 

(0.999 , 0.999) 

1.002 

(0.999 , 0.999) 

0.670 

(-0.878 , 3.972) 

2.285 

(-0.884 , 3.918) 

347.4 826.8 

STOXX 600 Industrial Eurex 0.823 

(0.484 , 0.955) 

0.837 

(0.520 , 0.970) 

1.001 

(1.000 , 1.001) 

1.004 

(1.000 , 1.001) 

1.167 

(0.050 , 2.404) 

0.926 

(0.154 , 2.374) 

246.2 1015.9 

STOXX 600 Insurance Eurex 0.786 

(0.360 , 0.982) 

0.819 

(0.354 , 0.982) 

1.000 

(1.000 , 1.001) 

1.003 

(1.000 , 1.001) 

3.991 

(1.803 , 9.736) 

1.990 

(1.923 , 9.153) 

378.3 1239.9 

STOXX 600 Media Eurex 0.231 

(0.041 , 0.667) 

0.990 

(0.038 , 0.653) 

0.999 

(0.999 , 1.000) 

1.002 

(0.998 , 1.000) 

0.675 

(0.099 , 1.360) 

-0.699 

(0.095 , 1.405) 

166.9 504 

STOXX 600 Oil & Gas Eurex 0.155 

(0.029 , 0.469) 

0.833 

(0.028 , 0.497) 

0.999 

(0.998 , 1.000) 

1.001 

(0.998 , 1.000) 

2.692 

(-2.204 , 16.908) 

2.897 

(-2.487 , 16.847) 

531.9 1269 

STOXX 600 Technology Eurex 0.978 

(0.839 , 1.000) 

0.922 

(0.872 , 1.000) 

0.999 

(0.997 , 1.000) 

0.999 

(0.997 , 1.000) 

4.197 

(-1.947 , 26.077) 

4.380 

(-2.267 , 27.338) 

141.6 437.4 

STOXX 600 Telecom Eurex 0.826 

(0.436 , 0.974) 

0.831 

(0.449 , 0.976) 

1.000 

(0.995 , 1.002) 

1.003 

(0.996 , 1.002) 

2.533 

(-26.696 , 42.556) 

0.538 

(-27.950 , 41.041) 

306.5 960.2 

STOXX 600 Utilities Eurex 0.958 

(0.834 , 0.991) 

0.615 

(0.798 , 0.991) 

1.001 

(1.000 , 1.001) 

1.000 

(1.000 , 1.001) 

2.785 

(1.313 , 5.043) 

2.735 

(1.324 , 4.952) 

202.2 752.9 

Swiss Market Eurex 0.938 

(0.783 , 0.988) 

0.754 

(0.795 , 0.989) 

0.999 

(0.999 , 0.999) 

1.002 

(0.999 , 0.999) 

3.539 

(1.929 , 6.631) 

1.257 

(1.951 , 6.779) 

27191.4 37837.1 

TAIEX Taiwan Futures Exchange 0.981 

(0.907 , 0.995) 

0.845 

(0.919 , 0.997) 

0.999 

(0.999 , 1.000) 

1.003 

(0.999 , 1.000) 

-1.062 

(-4.459 , 2.638) 

4.164 

(-4.529 , 2.803) 

27058.4 98151.1 

TAIEX, Electronic Taiwan Futures Exchange 0.984 

(0.931 , 1.000) 

1.000 

(0.923 , 1.000) 

0.996 

(0.995 , 0.997) 

1.009 

(0.995 , 0.997) 

-4.600 

(-9.315 , -0.326) 

3.128 

(-8.874 , 0.248) 

3694.7 4470.1 

TAIEX, Finance Taiwan Futures Exchange 0.816 

(0.263 , 0.989) 

0.886 

(0.353 , 0.993) 

0.994 

(0.991 , 0.996) 

1.004 

(0.991 , 0.996) 

14.801 

(7.303 , 26.551) 

0.629 

(6.895 , 25.099) 

3154.4 5730.8 

TECDAX Eurex 0.926 

(0.762 , 0.982) 

0.685 

(0.760 , 0.983) 

1.000 

(0.999 , 1.001) 

1.001 

(1.000 , 1.001) 

-0.539 

(-1.280 , 0.019) 

5.706 

(-1.387 , -0.009) 

1039 557.4 

TOPIX Tokyo Stock Exchange 0.947 

(0.662 , 1.000) 

1.000 

(0.617 , 1.000) 

1.001 

(0.991 , 1.004) 

1.000 

(0.990 , 1.004) 

23.498 

(12.257 , 51.208) 

2.883 

(13.210 , 50.471) 

26564.4 40578.8 

WIG20 Warsaw Stock Exchange 0.724 

(0.294 , 0.952) 

0.367 

(0.312 , 0.940) 

1.001 

(0.999 , 1.002) 

0.965 

(0.999 , 1.002) 

-1.792 

(-35.921 , 5.820) 

4.700 

(-31.965 , 5.599) 

18858.1 44141.4 
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Currency Futures 

Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

AUD/JPY ICE Futures-US 0.932 

(0.776 , 0.987) 

0.599 

(0.743 , 0.986) 

1.001 

(1.001 , 1.001) 

0.907 

(1.001 , 1.001) 

1.448 

(-1.587 , 5.040) 

8.646 

(-1.681 , 4.996) 

159.8 21.9 

AUD/NZD ICE Futures-US 0.673 

(0.282 , 0.973) 

0.990 

(0.284 , 0.964) 

0.959 

(0.943 , 0.968) 

1.012 

(0.945 , 0.968) 

2.466 

(1.055 , 4.271) 

-0.127 

(1.063 , 4.318) 

60.6 22.7 

AUD/USD Future Chicago Mercantile 

Exchange 

1.000 

(1.000 , 1.000) 

0.766 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

1.001 

(1.000 , 1.000) 

3.219 

(1.750 , 4.769) 

9.207 

(1.813 , 4.770) 

14508.9 94210.1 

BRL/USD Future Chicago Mercantile 

Exchange 

0.795 

(0.365 , 1.000) 

0.500 

(0.327 , 1.000) 

1.001 

(1.000 , 1.002) 

1.000 

(1.000 , 1.002) 

6.196 

(3.363 , 10.344) 

2.124 

(3.380 , 10.291) 

47.8 86.9 

CAD/JPY ICE Futures-US 0.320 

(0.098 , 0.646) 

0.832 

(0.113 , 0.641) 

1.002 

(1.001 , 1.002) 

1.002 

(1.001 , 1.002) 

0.134 

(-0.654 , 0.912) 

1.401 

(-0.684 , 0.930) 

41.8 19.6 

CAD/USD Future Chicago Mercantile 

Exchange 

0.599 

(0.246 , 0.882) 

0.569 

(0.275 , 1.000) 

1.001 

(1.000 , 1.001) 

1.001 

(1.000 , 1.001) 

2.516 

(1.071 , 4.342) 

-0.130 

(0.945 , 4.328) 

21892.9 74268.6 

CHF/USD Future Chicago Mercantile 

Exchange 

0.539 

(0.222 , 0.865) 

0.901 

(0.210 , 0.853) 

1.001 

(1.001 , 1.001) 

1.001 

(1.001 , 1.001) 

0.455 

(-2.718 , 2.394) 

1.730 

(-2.676 , 2.354) 

24649.8 41270.4 

CZK/USD Future Chicago Mercantile 

Exchange 

0.959 

(0.775 , 1.000) 

0.743 

(0.734 , 1.000) 

0.997 

(0.997 , 0.998) 

0.998 

(0.997 , 0.998) 

-1.247 

(-3.490 , 0.634) 

3.205 

(-3.761 , 0.720) 

1.3 1.1 

EUR (Euro) Warsaw Stock Exchange 0.947 

(0.676 , 1.000) 

0.332 

(0.661 , 1.000) 

0.999 

(0.999 , 0.999) 

0.747 

(0.999 , 0.999) 

-0.604 

(-2.006 , 0.807) 

-6.540 

(-1.897 , 0.905) 

4.6 84.3 

EUR/AUD Chicago Mercantile 

Exchange 

0.874 

(0.577 , 0.981) 

0.635 

(0.556 , 0.977) 

1.005 

(0.999 , 1.009) 

0.986 

(0.999 , 1.009) 

3.121 

(1.362 , 5.796) 

0.026 

(1.218 , 5.580) 

1.7 4.3 

EUR/CAD Chicago Mercantile 

Exchange 

0.552 

(0.175 , 0.842) 

0.969 

(0.202 , 0.848) 

0.996 

(0.993 , 0.999) 

1.001 

(0.993 , 0.999) 

-0.419 

(-1.571 , 1.150) 

-2.536 

(-1.749 , 1.095) 

1.5 2.6 

EUR/CHF Budapest Stock Exchange 0.326 

(0.108 , 0.661) 

0.832 

(0.108 , 0.656) 

1.002 

(0.998 , 1.005) 

1.004 

(0.999 , 1.006) 

-0.346 

(-1.742 , 0.644) 

-1.036 

(-1.877 , 0.597) 

64.6 127 

EUR/CHF Chicago Mercantile 

Exchange 

0.994 

(0.943 , 1.000) 

0.808 

(0.951 , 1.000) 

0.997 

(0.994 , 0.998) 

0.984 

(0.995 , 0.998) 

0.986 

(-0.067 , 1.835) 

7.520 

(-0.008 , 1.796) 

94.6 601.5 

EUR/CZK ICE Futures-US 0.797 

(0.477 , 0.980) 

0.843 

(0.442 , 0.980) 

0.999 

(0.999 , 1.000) 

0.999 

(0.999 , 1.000) 

-0.893 

(-2.123 , -0.103) 

-0.574 

(-2.050 , -0.036) 

76 58.2 

EUR/GBP Chicago Mercantile 

Exchange 

1.000 

(1.000 , 1.000) 

0.336 

(1.000 , 1.000) 

0.998 

(0.996 , 1.001) 

0.950 

(0.996 , 1.001) 

0.664 

(-0.063 , 1.332) 

-3.930 

(-0.081 , 1.332) 

131.9 818.6 

EUR/HUF Budapest Stock Exchange 0.628 

(0.275 , 0.903) 

0.797 

(0.265 , 0.896) 

1.000 

(1.000 , 1.000) 

1.000 

(1.000 , 1.000) 

-0.704 

(-1.553 , -0.134) 

-1.661 

(-1.556 , -0.185) 

1822.8 5978.2 

EUR/HUF ICE Futures-US 0.866 

(0.370 , 1.000) 

0.705 

(0.460 , 1.000) 

0.972 

(0.889 , 1.000) 

1.000 

(0.869 , 1.000) 

-0.845 

(-2.453 , 0.205) 

3.300 

(-2.485 , 0.117) 

54.5 66.6 

EUR/JPY Chicago Mercantile 

Exchange 

0.286 

(0.079 , 0.612) 

1.000 

(0.099 , 0.656) 

1.002 

(1.001 , 1.002) 

1.001 

(1.001 , 1.002) 

2.156 

(0.321 , 4.663) 

-2.072 

(0.352 , 4.461) 

538.8 754 

EUR/USD Budapest Stock Exchange 0.480 

(0.163 , 0.817) 

1.000 

(0.178 , 0.804) 

1.008 

(1.003 , 1.012) 

0.997 

(1.003 , 1.012) 

-0.501 

(-1.904 , 0.904) 

3.863 

(-2.027 , 0.886) 

1158.5 576.9 

EUR/USD Emini Future Chicago Mercantile 

Exchange 

0.778 

(0.420 , 0.996) 

0.918 

(0.315 , 0.995) 

1.013 

(1.007 , 1.018) 

0.996 

(1.008 , 1.018) 

2.579 

(1.062 , 3.639) 

1.137 

(1.213 , 3.682) 

949.1 4064.6 

EUR/USD Future Chicago Mercantile 

Exchange 

0.832 

(0.387 , 1.000) 

0.918 

(0.345 , 1.000) 

1.014 

(1.008 , 1.020) 

0.996 

(1.009 , 1.019) 

1.725 

(0.895 , 2.564) 

1.137 

(0.922 , 2.639) 

82645.8 271500.5 

GBP/CHF ICE Futures-US 0.851 

(0.390 , 1.000) 

0.828 

(0.423 , 1.000) 

1.000 

(0.999 , 1.000) 

0.990 

(0.999 , 1.000) 

-0.206 

(-1.921 , 1.069) 

-4.282 

(-1.787 , 0.957) 

119.2 29.5 

GBP/HUF Budapest Stock Exchange 0.987 

(0.928 , 1.000) 

0.636 

(0.925 , 1.000) 

0.999 

(0.999 , 1.000) 

1.000 

(0.999 , 1.000) 

-1.147 

(-3.546 , 0.177) 

3.259 

(-3.254 , 0.116) 

42.2 66.1 

GBP/JPY Chicago Mercantile 

Exchange 

0.775 

(0.377 , 0.985) 

0.969 

(0.419 , 1.000) 

1.001 

(1.001 , 1.001) 

1.000 

(1.001 , 1.002) 

1.354 

(-1.682 , 3.228) 

-7.024 

(-2.117 , 3.440) 

3.6 15.2 
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Futures Name Exchange 

𝑬𝑰𝟏 

(95% CI) 

Pre-GFC 

𝑬𝑰𝟏 

(95% CI) 

Post-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Pre-GFC 

�̂�𝟏,𝒋 

(95% CI) 

Post-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Pre-GFC 

�̂�(𝒕𝒊,𝒋) 

(95% CI) 

Post-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚 

𝑽𝒐𝒍𝒖𝒎𝒆 

Pre-GFC 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑫𝒂𝒊𝒍𝒚  
𝑽𝒐𝒍𝒖𝒎𝒆 

Post-GFC 

GBP/JPY ICE Futures-US 0.700 

(0.310 , 0.983) 

0.997 

(0.288 , 0.978) 

1.001 

(1.001 , 1.001) 

1.000 

(1.001 , 1.001) 

3.628 

(2.197 , 5.214) 

-1.890 

(2.226 , 5.050) 

252.7 86.6 

GBP/USD Future Chicago Mercantile 

Exchange 

0.733 

(0.353 , 1.000) 

0.797 

(0.328 , 1.000) 

1.006 

(1.004 , 1.009) 

0.990 

(1.003 , 1.009) 

2.366 

(1.030 , 4.220) 

-1.131 

(0.929 , 3.915) 

29695.8 100881.6 

HUF/USD Future Chicago Mercantile 

Exchange 

0.925 

(0.684 , 0.993) 

0.901 

(0.673 , 0.992) 

0.999 

(0.999 , 0.999) 

1.000 

(0.999 , 0.999) 

-0.372 

(-2.789 , 1.866) 

0.800 

(-2.735 , 1.996) 

0.9 4.6 

JPY/USD E-Mini Future Chicago Mercantile 

Exchange 

0.960 

(0.776 , 0.997) 

0.881 

(0.787 , 0.995) 

1.001 

(1.001 , 1.001) 

1.000 

(1.001 , 1.001) 

-2.001 

(-2.747 , -1.247) 

0.360 

(-2.718 , -1.160) 

26.8 288.7 

JPY/USD Future Chicago Mercantile 

Exchange 

0.981 

(0.930 , 0.997) 

0.881 

(0.917 , 0.997) 

1.001 

(1.001 , 1.001) 

1.000 

(1.001 , 1.001) 

-1.931 

(-2.827 , -1.002) 

0.360 

(-2.854 , -1.038) 

43898.4 100900.2 

MXN/USD Future Chicago Mercantile 

Exchange 

1.000 

(1.000 , 1.000) 

0.849 

(1.000 , 1.000) 

1.001 

(1.000 , 1.001) 

0.999 

(1.000 , 1.001) 

0.433 

(-1.441 , 1.892) 

4.098 

(-1.309 , 2.032) 

9932.6 25836.7 

NOK/SEK ICE Futures-US 0.797 

(0.465 , 0.979) 

0.559 

(0.436 , 0.978) 

1.029 

(1.011 , 1.040) 

1.023 

(1.011 , 1.040) 

1.411 

(0.606 , 2.404) 

0.851 

(0.598 , 2.370) 

61.4 36.5 

NOK/USD Future Chicago Mercantile 

Exchange 

0.806 

(0.369 , 0.987) 

1.000 

(0.364 , 0.988) 

0.996 

(0.995 , 0.998) 

1.000 

(0.995 , 0.998) 

-1.301 

(-3.235 , 0.480) 

11.657 

(-3.139 , 0.318) 

11.9 12.8 

NZD/USD Future Chicago Mercantile 

Exchange 

0.736 

(0.331 , 0.968) 

0.803 

(0.381 , 0.963) 

0.992 

(0.987 , 0.995) 

0.975 

(0.987 , 0.994) 

-0.347 

(-2.217 , 1.351) 

7.773 

(-1.956 , 1.454) 

884.2 7730.9 

PLN/USD Future Chicago Mercantile 

Exchange 

0.809 

(0.444 , 0.988) 

0.911 

(0.430 , 0.991) 

0.990 

(0.988 , 0.992) 

0.999 

(0.988 , 0.992) 

-1.119 

(-2.343 , 0.050) 

4.565 

(-2.268 , 0.088) 

66.2 58.8 

RUB/USD Future Chicago Mercantile 

Exchange 

0.450 

(0.141 , 0.788) 

0.752 

(0.154 , 0.799) 

0.999 

(0.999 , 1.000) 

0.999 

(0.999 , 1.000) 

-0.848 

(-1.530 , -0.291) 

0.709 

(-1.607 , -0.296) 

81.4 432.2 

SEK/USD Future Chicago Mercantile 

Exchange 

0.724 

(0.321 , 0.929) 

0.979 

(0.326 , 0.939) 

1.000 

(0.999 , 1.001) 

1.000 

(0.999 , 1.001) 

1.572 

(-0.173 , 3.836) 

3.623 

(-0.307 , 3.775) 

8.2 9.2 

USD (US Dollar) Korea Exchange 0.826 

(0.348 , 1.000) 

0.673 

(0.355 , 1.000) 

1.000 

(1.000 , 1.000) 

0.970 

(1.000 , 1.000) 

-2.390 

(-3.524 , -1.087) 

-1.358 

(-3.531 , -1.144) 

7158.9 151655.8 

USD (US Dollar) Mercado Mexicano de 

Derivados 

0.836 

(0.407 , 1.000) 

0.832 

(0.420 , 1.000) 

1.000 

(1.000 , 1.001) 

1.000 

(1.000 , 1.001) 

-2.187 

(-3.354 , -1.299) 

-3.973 

(-3.410 , -1.381) 

781.8 6609.6 

USD (US Dollar) Warsaw Stock Exchange 0.733 

(0.317 , 1.000) 

0.799 

(0.328 , 1.000) 

0.999 

(0.998 , 0.999) 

0.962 

(0.998 , 0.999) 

-2.266 

(-3.944 , -0.859) 

-5.324 

(-3.882 , -0.824) 

16.4 477.9 

USD (US Dollar) Future Bolsa De Mercadorias & 

Futuros 

0.711 

(0.320 , 0.974) 

0.685 

(0.347 , 0.979) 

0.998 

(0.995 , 1.000) 

1.001 

(0.995 , 1.000) 

-4.322 

(-7.811 , -2.216) 

-1.347 

(-8.105 , -2.301) 

114884.1 304905.2 

USD/HUF Budapest Stock Exchange 0.718 

(0.341 , 0.983) 

0.879 

(0.333 , 0.982) 

0.999 

(0.998 , 0.999) 

1.000 

(0.998 , 0.999) 

-1.337 

(-3.391 , 0.566) 

-3.474 

(-3.374 , 0.672) 

774.9 2190.8 

USD/RUB Russian Trading System 0.256 

(0.062 , 0.637) 

0.997 

(0.055 , 0.675) 

0.998 

(0.998 , 0.999) 

1.000 

(0.998 , 0.999) 

0.839 

(-0.654 , 2.746) 

-0.312 

(-0.662 , 2.578) 

7004.2 579570.5 

ZAR/USD Future Chicago Mercantile 

Exchange 

0.715 

(0.360 , 1.000) 

0.247 

(0.339 , 1.000) 

1.000 

(1.000 , 1.001) 

1.007 

(1.000 , 1.001) 

-0.480 

(-1.590 , 0.732) 

4.465 

(-1.591 , 0.689) 

201 343.6 

 

 

 


