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Abstract 

The dramatic increase in commodity prices in recent years has raised concerns for 

scholars, practitioners and policy makers. The significant inflows of investment to commodity 

futures markets in recent decades have generated much debate as to whether the 

financialization process has an impact on commodity prices. Further debate questions whether 

the process of financialization may have been influenced by globalization. These two seem 

independent phenomena in the global markets but they are inter-related because of the 

increased capital mobility around the world, and may have affected commodity prices in two 

ways. First, commodity prices may be determined in the context of investible assets and not 

purely as consumables. Second, commodity prices may be determined in the global context 

rather than purely in the domestic markets. 

Inspired by these phenomena, this research aims to explore the impact of the 

globalization and financialization of commodity markets, especially from an emerging market 

perspective. Using Chinese and Indian markets as representative samples of emerging 

commodity markets, this research seeks the answer to the primary question: What are the 

impacts of globalization and financialization of commodity futures in the emerging markets? 

To address this question, this research poses three sub-questions that inter alia answer its 

primary research question.  

The first sub-question, regarding the information transmission among futures/spot 

markets, is addressed in the first study (Chapter 4): Does information spill over among 

agricultural commodity spot/futures markets in China and the futures market in the US? This 

study helps to understand both the pricing mechanism of commodities across three markets 

(futures/spot in China and futures in the US) and the integration of Chinese commodity markets 
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in particular with the global commodity markets. The findings show a bi-directional 

relationship between futures and spot prices in China and between futures prices in China and 

the US. The results indicate that the information contained in commodity futures in emerging 

markets, such as the Chinese commodity futures market, starts to play an important price 

discovery role in developed commodity futures markets.  

The second sub-question, addressed in the second study (Chapter 5), regarding the 

volatility determinants of commodity futures, asks: What are the impacts of macroeconomic 

variables on the volatility of commodity futures? It examines the macroeconomic determinants 

of the volatility of commodity futures, with a focus on two emerging commodity markets, 

China and India. Further, this study employs both domestic and international macroeconomic 

variables and examines their impact on the volatility of commodity futures. The analysis shows 

that the commodity futures in emerging markets are determined by both domestic and 

international macroeconomic information.  

The third sub-question, which is addressed in the third study (Chapter 6), relates to the 

portfolio diversifications of using commodity futures in emerging markets: Are emerging 

commodity futures an effective investment vehicle for US investors to obtain diversification 

benefits? It examines the international diversification benefits that commodity futures in 

emerging markets can provide to the US portfolio investors. The evidence suggests that the 

commodity futures in emerging markets outperform the commodity futures in the US and are 

able to provide incremental portfolio benefits to US investors. 

The findings of these studies contribute to theory, practice and policy. Firstly, from a 

theoretical standpoint, there is a clear understanding that the pricing mechanisms have changed 

from purely domestic factors to international factors thanks to globalization and 

financialization. This research also contributes to the Modern Portfolio Theory by providing 
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evidence that the financialization has caused the commodity futures in emerging markets to 

have a heterogeneous risk–return profile towards other asset classes. Furthermore, this research 

separates the information contained in the high-frequency daily prices and low-frequency 

macroeconomic conditions. This is critical for scholars who seek to investigate the influence 

of economic changes in volatilities of financial assets in the market.  

This research contributes to practice in three forms. First, the findings contribute to 

investment practice by explaining the risk-return characteristics of commodity futures in 

emerging markets. Second, understanding the macroeconomic determinants of the volatility of 

commodity futures is of value to portfolio managers, who aim to predict future movements of 

commodity prices. Third, finding conclusive evidence that the information flow is bi-

directional rather than unidirectional from the US market to emerging markets is of significant 

importance for fund managers and investors.  

From a policy perspective, the findings of this research clearly show that the direct 

control of spot prices in commodity markets may not be a workable policy option as it may 

cause mispricing in the spot market in a long-run. Thus, policy makers may consider policies 

that aim to influence supply and/or demand side of the commodities rather than the direct price 

control. Policy makers who seek to design policies that provide attractive investment 

environment for investors, should also consider commodity futures in emerging markets.  
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Chapter 1  

Introduction 

Over recent decades, many developing and emerging economies have become steadily 

integrated into the world economy. Along with the integration of economies, there has been 

evidence of the creation of financial assets that make it easier for trading and investments in 

the physical asset markets. Both the process of financialization and the increasing international 

trade have played an increasing role in the interdependence of economies. The surge of 

globalization and financialization1 across the developing economies has coincided with boom 

and bust in prices of various commodities. There is considerable evidence that such price 

instability was driven by financial investors, especially those who incorporate commodity 

futures or physical commodities into the asset portfolio as an alternative asset class.  

Prices of any goods and services are dependent upon the fundamental supply and 

demand factors. Similarly, commodity prices are determined by specific supply and demand 

factors relevant to particular commodities. However, with the expansion of the financialization 

of commodities, their prices may also be subject to other additional financial factors. This 

research aims to examine the impact of the globalization and financialization of commodities 

by analysing the two largest emerging economies: China and India. Specifically, this research 

examines changes in price setting and pricing risks in the context of the financialization, as 

                                                           
1 Overall, this thesis uses British/Australian spelling. However, globalization and financialization are two terms 
that are commonly spelled with “z” rather than “s”. The process of globalization and financialization ought to be 
written with a “s” in British/Australian spelling. To avoid confusion, these two terms will use “z”.  
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well as investigating the benefits of diversification into emerging commodity futures from the 

perspective of US investors. 

1.1 Globalization and Financialization 

The concept of globalization is not new; its process has existed for several centuries. 

Globalization is a broad term often used to describe the way that the cultural, political, 

technological and economic domains at national levels can be expanded to international levels. 

Of these four domains, economic globalization, the most relevant to this research, refers to the 

increasing interdependence of world economies. It is a consequence of burgeoning trade in 

commodities and services, of the flow of international capital and of advanced technologies, 

all of which have expanded beyond national border to a point where economy is inextricably 

linked to trading with other nations (Gao, 2000).  

Prior to World War I, economies were integrated and there were no barriers to the trade 

and flow of capital. After the end of World War I, the US government passed the Emergency 

Tariff Act (1921), followed by the Fordney-McCumber Tariff Act (1922). Most other 

developed countries also pursued similar protectionist policies until the 1970s, by either tariffs 

or import quotas (Office of the Historian, 2017).  

Globalization accelerated considerably during the late 20th century. This can be 

attributed to the removal of national and international controls over capital movements, the 

development of new computer and telecommunications technologies, and the extension of 

global Free Trade Agreements (FTAs). Participation of developing countries in the 

globalization process enabled these nations to better utilise their comparative advantages, 

introduce advanced technologies, foreign capital and management experience. More recently, 

many emerging economies have also become closely linked to the global economy. 
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International trade in both manufacturing and commodities has become substantially more 

important to the majority of emerging economies. These emerging countries have also become 

more open to international capital investment flows, such as foreign direct investment (FDI). 

Although investigations on the nature of globalization are extensive in the literature, there is 

less exploration of its relations to commodities.   

The globalization process has not only strengthened the connections among countries, 

but has also allowed greater exchange of commodities, which has subsequently accentuated 

and animated the commodity cycle. For many developing countries, commodities remain the 

backbone of their economies. According to statistics from the Common Fund for Commodities 

(CFC), 95 out of 141 developing countries depend on commodities for at least 50% of their 

export earnings. Thus the liberalization of commodity markets due to globalization has led to 

profound changes that affect the weaker economies in the developing world. 

High and volatile commodity prices have become a critical global issue in recent years. 

Although commodity prices declined precipitously during the Global Financial Crisis (GFC) 

period, the prices of some commodities returned to their peak level in mid-2008. As a result, 

commodity hikes and fluctuations are again attracting more scholarly scrutiny (Tang & Xiong, 

2012). Compared to the price increases in the 1980s and 1990s, the more recent increase is of 

interest due to three unique characteristics: 1) it lasted much longer compared to earlier price 

increases; 2) the price increases were much larger than earlier price booms; 3) this recent price 

rise involved all major commodity sectors (such as oil, metal, and agricultural materials). The 

investigation of price movements focuses on these unique dynamics. It has been suggested that, 

in addition to the fundamental supply and demand factors, the activity in the financial 

derivatives markets may have played a significant role in contributing to the increase in the 

level and volatility of some commodity prices in recent years. This may be because financial 
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markets allow consumers and producers to hedge their exposures to movements in commodity 

prices, which provide a useful complement to physical commodity markets (Tang & Xiong, 

2012).  

The development of emerging economies has also become a notable factor for price 

increases and fluctuations in commodity markets. The economic growth of emerging markets, 

particularly of the Chinese market, has come to prominence as the engine of world growth 

(Dwyer, Gardner, & Williams, 2011). Economic growth requires more commodity 

consumptions; hence, the growing demand for commodities in emerging markets may be a 

driving force for commodity market price booms. Moreover, rapid industrialisation, per capita 

income growth, higher commodity intensity of growth, and rapid population growth in 

emerging markets, such as China and India, have also contributed to the strong demand in 

recent years (Arbatli & Vasishtha, 2012). When investigating commodity markets, therefore, 

it is important to analyse the impact of emerging markets.  

Along with the surge of globalization and the increasing demand for commodities in 

developing markets, rapid growth in commodity investment has also caused an enormous 

inflow in commodity futures. This conversion of physical assets into financial investment is 

termed ‘financialization of commodities’. In general, financialization refers to the increasing 

importance of financial markets, financial motives, financial institutions and financial elites in 

the operation of the economy and its governing institutions, both at the national and 

international levels (Epstein, 2005; Sawyer, 2013). The financialization of commodities is a 

pattern of accumulation in which profit making occurs increasingly through financial channels 

rather than through trade and commodity production. The financialization of commodity 

markets identifies the increasing role of financial motives, financial markets and financial 

actors in the operation of commodity markets (Flassbeck, Bicchetti, Mayer, & Rietzler, 2011). 
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Early financial investments in commodities were through broad-based commodity 

index funds. According to an estimate provided by the Commodity Futures Trading 

Commission (CFTC) in 2008, investment inflows to various commodity futures indexes from 

early 2000 to June 2008 totalled US$200 billion (CFTC, 2008). More recently, the majority of 

investment has concentrated in using exchange traded products (ETPs) to track commodities 

(Kosev & Williams, 2011). Meanwhile, major commodity futures contracts have also increased 

substantially since 2001. Commodity futures contracts cover a broad range of products, 

including grains, energy, metals, softs, and livestock.  

Trading in commodity futures markets has three main purposes. First, when converting 

a commodity from a physical asset into a financial asset, such as futures contracts, trading may 

become more efficient, more effective and less costly (Falkowski, 2011). Second, futures 

contracts can provide inflation hedging, as prices of energy and food products have a strong 

weight in the goods baskets used for measuring current price levels (Bessler & Wolff, 2015; 

Bodie & Rosansky, 1980; Erb & Harvey, 2006). Third, financial investors also use commodity 

futures for the purpose of portfolio diversifications. It is notable that equities, bonds and 

commodity futures may exhibit the same average returns, however, they are affected differently 

by economic factors. Some particular economic factors may affect equity and bonds positively, 

whereas the same economic factors may affect commodities negatively. As a result, the average 

return is similar, but the co-movement may be low and negative (Bodie & Rosansky, 1980; 

Gorton & Rouwenhorst, 2006; Hansen-Tangen & Overaae, 2015).  

Several commodity sectors experienced a boom and bust cycle from 2007 to 2008, in 

which the price volatility of many commodities spiked. Several potential reasons have been 

raised, one of these is associated with increased demand for commodities in the emerging 

markets (Hamilton, 2009; Kilian, 2009). Some scholars also argue that the commodity price 
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hikes are caused by market integration and financialization of commodity markets (Gilbert, 

2010; Hong & Yogo, 2012; Mayer, 2009; Mou, 2010; Robles, Torero, & Von Braun, 2009; 

Singleton, 2013; Tang & Xiong, 2012). Therefore, whether the financialization process has 

distorted commodity prices is still hotly debated.  

In general, the futures market has two main functions: risk transfer and price discovery 

(Easwaran & Ramasundaram, 2008). The risk transfer function is usually used by hedgers, who 

use futures contracts to shift price risk to others. The price discovery function refers to the use 

of futures prices for pricing cash market transactions. For instance, investors can use futures 

prices as the markets’ expectation of subsequent spot prices.  

Previous research examines the impact of financialization of commodity markets on 

three economic mechanisms, including storage, risk sharing and information discovery 

(Acharya, Lochstoer, & Ramadorai, 2013; Cheng, Kirilenko, & Xiong, 2015; Cheng & Xiong, 

2014; Hellwig, 1980; Singleton, 2013; Sockin & Xiong, 2015; Tang & Xiong, 2012). Within 

these three mechanisms, financialization influences risk sharing and information discovery by 

the most; these two mechanisms are closely linked to the major functions of futures markets.   

Consistent with risk transfer function, Cheng & Xiong (2014) consider that the benefit 

for developing commodity futures markets is to facilitate more efficient sharing of commodity 

price risk. They give examples: farmers are exposed to the price risk of the crops that have not 

been harvested; manufacturers or producers are exposed to the price fluctuations in original oil 

and metals. Therefore, commodity exchanges provide producers and consumer with a 

centralised platform to hedge the commodity price risks.  

 



Chapter 1 Introduction 

7 
 

Alternatively, the globalization of many industrial and agricultural commodities has 

exposed market participants to information frictions regarding the supply, demand, and 

inventory of these commodities around the world. Therefore, a centralised futures market 

serves as a platform that aggregates dispersed information across the world. In addition, the 

prices of commodity futures become an important price signal to guide commodity demand 

and to provide feedback regarding the influence of commodity trading on commodity demand 

and spot prices (Cheng & Xiong, 2014).  

Because of the expansion in the financialization process of the commodity markets, the 

commodity markets are changing. Not only are price fluctuations affected by fundamental 

supply and demand factors; they may also reflect financial market shocks. In addition, 

financialization reduces market segmentation and risk premia in commodity prices, and 

induces volatility spillover from outside (Basak & Pavlova, 2016). Therefore, understanding 

the impact of financialization on price fluctuations is important: it is the motivation for this 

research. 

Besides the financialization process, the expansion and reforms of commodity 

exchanges in emerging markets have also attributed to the pricing mechanism of commodities. 

Scholars argue that one of the main reasons for the boom in commodity price in recent years 

reflecting cyclical and structural factors is the buoyant economic growth worldwide, especially 

the economic development in emerging Asian countries, such as China and India (Arbatli & 

Vasishtha, 2012). According to a World Bank (2016) statistic, during the period 2010-2014, 

the four largest emerging economies (Brazil, Russia, India, and China) accounted for more than 

20% of global gas and oil production as well as 40% of global coal and grain production. These 

four emerging economies have occupied 40% of energy and food commodity consumption, 
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and above 50% of global metal consumption. These figures indicate that emerging economies 

play a significant role in shaping commodity markets for both productions and consumptions.  

With this development of physical commodity markets, the commodity futures 

exchanges in these emerging economies have also started to play an important role in the global 

context. However, little literature has addressed the impact of financialization on these 

emerging commodity markets. To fill this gap, this research focuses on pricing mechanisms 

and portfolio investments and examines the impact of financialization of commodity markets 

in two important emerging economies, China and India. To further justify reasons for 

conducting this thesis, the following subsection identifies the motivations of this thesis.  

1.2 Motivations  

Three different aspects provide research motivation. First, it emanates from some of the 

evidence that seem to contradict fundamental theories such as the Efficient Market Hypothesis 

(EMH), the Law of One Price (LOP) and the spot and futures parity. Second, recent 

developments in the globalization and financialization may have changed the pricing 

mechanism and fluctuations in commodity prices. Third, the expansion of commodities in 

emerging countries has given them an important role in global commodity markets, but there 

is little research focusing on the emerging markets. This provides additional motivation to 

conduct this research. The above aspects of the motivation and justification are enumerated in 

the following discussion. 

Three theories form the theoretical foundations of this research: the EMH, the LOP and 

the spot and futures parity. The starting point, the EMH, states that in an efficient market, prices 

should reflect all available information and price changes in a random manner. Based on the 

information set used to assess efficiency, the EMH can be further classified into three sub-
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hypotheses: weak-form, semi-strong form, and strong form2 (Fama, 1970, 1991). The EMH 

assumes that market participants are rational and use information on the fundamentals of 

demand and supply to base their actions independently of each other. 

Under the EMH analysis, the difference in motivations of trading and trading strategy 

does not matter as all traders take positions based on the fundamentals of each specific 

commodity and bring the market to an equilibrium price. According to this view, the 

financialization of commodity markets is not a problem and should not affect the efficiency of 

the market in any form. However, much criticisms have been levied against this view, and 

scholars such as Tang and Xiong (2012) believe that the financialization process has further 

changed the pricing mechanism of commodities. Before financialization of commodity markets, 

commodity prices were mainly driven by the fundamental supply and demand factors; however, 

with the expansion of financialization process, commodity prices are affected by additional 

factors, such as financial factors (Cheng & Xiong, 2014). Current research shows mixed results 

of the impact of financialization of commodity markets on price fluctuations (Irwin & Sanders, 

2011; Tang & Xiong, 2012). 

The LOP states that in frictionless and efficient markets, prices of a given security, a 

commodity or an asset should have the same price after taking exchange rates into 

consideration. No arbitrage opportunity should therefore exist between spot and futures prices 

within the same country. Further, international futures prices should be arbitraged away, so that 

identical goods in different countries sell for the same price when expressed in a common 

                                                           
2 The weak-form tests whether current prices fully reflect historical market information, including prices, returns, 
and trading volumes. The semi-strong-form EMH asserts that the stock price will adjust to new public information 
once the information is publicly available. The strong-form EMH states that stock prices fully reflect all 
information, both public and private. The concept of efficiency, as applied to the futures market, is no different 
from the concept as applied to any other asset market (Kaminsky & Kumar, 1990). This means that the investors 
process the information that is available, and take positions in response to that information and their specific 
preferences. 
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currency. Yet empirical results show that not only spot and futures prices in the same country, 

but also futures prices of the same commodity across different countries, are highly volatile 

(Liu & An, 2011; Liu & Wang, 2006; Wang & Ke, 2005). 

Current research casts doubts on the validity of the LOP, either from the case of 

commodity futures and their underlying commodities within the same countries (Baldi, Peri, 

& Vandone, 2011; Hernandez & Torero, 2010; Kumar & Pandey, 2013; Wang & Ke, 2005) or 

between the case of similar commodity futures across different markets (Hua & Chen, 2007; 

Hua, Lu, & Chen, 2010; Liu & An, 2011; Xia & Cheng, 2006; Xu & Fung, 2005). Tests are 

conducted on both long-run and short-run bases. The existing literature suggests that the futures 

prices lead the underlying spot prices. In terms of the international linkage of commodity 

futures, results show that the US futures market always plays a dominant role in the price 

discovery process. However, previous research is restricted: the research is focused on either 

the commodity index or the individual commodity futures contracts in the developed markets, 

and less research has been conducted from an emerging market perspective. 

The last fundamental framework, the spot-futures parity is derived from the LOP, 

implies that spot and futures prices should move together across time to avoid constant 

arbitrage opportunities based on the spot-futures relationship (Hull, 2009). Futures are 

derivatives of their underlying spot markets: if futures prices fully reflect all available 

information they can then provide the “best” forecast of cash prices (Garcia & Leuthold, 2004). 

In theory, the spot and futures prices for any commodities are driven by the same information 

set. As a result, futures prices and their underlying spot prices cannot move too far apart. The 

condition of the parity states that if an asset can be purchased today, and held until exercise of 

a future contract, the value of the futures contract should be equal to the current spot price, 

adjusted for the cost of money, dividends, convenience yield and any storage cost. This implies 
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that, under the spot-future parity condition, the prices are not necessarily considered equal. In 

addition, under the concepts of market efficiency, futures prices will equal the expected spot 

prices plus or minus a possibly time-varying risk premium. The exact nature of the relationship 

depends on many factors, such as seasonal effects and market expectations. In this case, the 

theoretical equilibrium relationship between spot and futures prices is a long-run rather than a 

short-run one. 

With the development of the globalization and financialization of commodity markets, 

the price setting of commodities may have changed dramatically. Commodity producers 

operate in an international environment and face the risk of global price movements. As a result, 

beyond the specific functioning of commodity markets are broader macroeconomic and 

financial factors that operate across a large number of markets. For example, commodity 

futures prices are determined by both domestic and international information. The 

macroeconomic conditions in the international context may thus play an important role in 

determining the price and volatility of commodity futures. In addition, financial investors can 

take advantage of the unique risk premium offered by commodity futures, which is not 

replicable by combining other asset classes, by regarding commodities as an asset class (Gorton 

& Rouwenhorst, 2006; Mayer, 2008). There is substantial historical evidence of the improved 

risk-return characteristics of portfolios that include commodity futures contracts in addition to 

equities and bonds (Gorton & Rouwenhorst, 2006; Mayer, 2008). To fully understand recent 

commodity price developments requires consideration of these factors.  

With the increasing important role that emerging commodity futures contracts play in 

the global context, the impact of these commodity exchanges cannot be easily ignored. The 

focus is on these two nations, China and India, for three main reasons. Firstly, the rapid 

increasing demand of emerging market for commodities, with the large populations of China 
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and India is of particular importance. Based on the World Bank (2015), the surge in commodity 

prices during the 2000s has been attributed to rising demands from China and India. In 

particular, China has accounted for more than 50% of metal and coal consumption globally and 

India’s consumption to a more modest 3% in metals and 9% in coal. Secondly, both Chinese 

and Indian commodity exchanges have started to play an important role in world commodity 

markets. For example, the Dalian Commodity Exchange (DCE), Zhengzhou Commodity 

Exchange (ZCE), and Shanghai Futures Exchange (SHFE) are ranked in the top 10 exchanges 

at positions 8, 9, and 10, respectively, in the world, with an average increase in volume of 42% 

from 2014 to 2015. Additionally, a number of futures contracts in China and India are ranked 

the top contracts based on their trading volume. Thirdly, since these emerging countries are at 

the commodity intensive stage of development, their trading activity (including trading volume 

and open interest) is thin, while their price volatility is quite high. As a result, the impact of 

volatile commodity futures prices is more significant in emerging markets than in well-

developed countries. Considering the significant role that Chinese and Indian commodity 

exchanges play in the world, it is worth investigating the pricing mechanism and portfolio 

diversification of commodity futures in these two countries. The results from these two 

countries have the potential to be generalised to other emerging countries.  

Based on the evidence presented in the preceding discussion, motivations for the thesis 

can be summarised as follows: 

1) The EMH, the LOP and the Spot and Futures parity suggest that there are no pricing 

anomalies; however, the process of financialization may have distorted these 

relationships. As such, the issue warrants careful investigation. 
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2) The financialization and globalization processes may have brought additional factors 

to determine the price and volatility of commodity futures, and the pricing mechanism 

of commodity futures may have shifted from a purely domestic perspective to the 

international context.  

3) The expansion of commodity markets in emerging economies requires further 

investigation of this relationship, especially for their markets.  

From such motivation, this research seeks to address the research question: What are 

the impacts of globalization and financialization of commodity futures in the emerging markets? 

The overarching research objective is to determine whether the pricing mechanism of 

commodity futures from emerging markets has changed under the globalization and 

financialization process, and if so, whether investors can practically obtain benefits by 

diversifying into the emerging commodity markets. The following subsection will discuss the 

research gaps and research objectives in more detail.  

1.3 Research Gaps and Objectives  

This research aims to examine the impact of financialization on commodity futures 

from an emerging market perspective. To answer this overarching research objective, the 

research is conducted from both price and portfolio investment perspectives. In terms of the 

prices, it examines both the price changes (the first moment) and their volatility (the second 

moment). 

The literature review reveals that the existing studies examining the information 

transmission either focus on the information linkage between futures and their underlying 

commodities in one particular country, or examine similar futures contracts in two different 

countries. These studies have covered both index futures and a range of commodities markets, 
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such as metal, agricultural, natural resources and energy. Results from most of these studies 

support the argument that information tends to flow from larger, more liquid, more efficient 

markets such as the US market to smaller, less liquid, less efficient markets such as China and 

India (Booth & Ciner, 1997; Hua & Chen, 2007; Hua et al., 2010; Liu & An, 2011; Xu & Fung, 

2005). However, some other studies find that spot prices lead futures prices (Kuiper, Pennings, 

& Meulenberg, 2002; Mohan & Love, 2004; Quan, 1992). Both the inconsistent evidence and 

the growing importance of the emerging futures exchanges in the world markets call for a re-

examination of the issue.  

The volatile commodity futures prices raise the concerns not only of academics but also 

of practitioners. At the 2009 G20 London summit, G20 Finance Ministers and Central Bank 

Governors committed to ‘work to address excessive commodity price volatility’. At the Seoul 

Summit in November 2010, leaders agreed to continue work ‘to mitigate excessive fossil fuel 

price volatility’ and identified the need for ‘further work on regulation and supervision of 

commodity derivatives markets’. France has placed commodity price volatility as a key item 

on the G20 agenda during its host year (2011). Most existing literature examines the volatility 

of commodity futures with a focus on microeconomics. The macroeconomic fundamentals 

cannot be easily ignored when discussing these microeconomic variables. However, very few 

studies have investigated the relationship between macroeconomic variables and the volatility 

of commodity futures, due to the low-frequency data of macroeconomic variables. To fill in 

this research gap, this thesis examines the impact of both domestic and international 

macroeconomic variables on the volatility of commodity futures by using a mixed data 

sampling model that can incorporate high-frequency price series and low-frequency 

macroeconomic variables directly.  
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The financialization process of commodity has made financial investors take position 

in commodities as a group based on risk-return properties. As the unique risk premium offered 

by commodity futures has facilitated its becoming an investable asset class, portfolio investors 

have started to use commodity as an alternative investment class against conventional assets 

such as stocks and bonds. Previous research has focused only on commodity indexes and/or 

developed commodity futures markets; very little research has focused on the emerging 

markets commodity futures. If emerging commodity futures have played an important role in 

the global context, it is worth investigating whether adding emerging commodity futures into 

the conventional portfolio will provide any additional diversification benefits to portfolio 

holders. 

To fill these research gaps, this research involves three inter-related studies that 

examine the impact of financialization of commodity futures from both price and portfolio 

perspectives. The first study, which focuses on China’s agricultural commodities market, 

examines the information spill-over dynamics across three markets, the spot market in China, 

the futures market in China and the futures market in the international context. The second 

study builds on this by employing data from both China and India commodity futures markets 

and aims to examine whether the long-run component of the volatility of commodity futures is 

affected by either domestic macroeconomic information or international macroeconomic 

variables. If these two studies confirm that the price discovery role of emerging commodity 

futures can be verified in its underlying cash markets and in the international context, and that 

the volatility of commodity futures can be determined by both domestic and international 

macroeconomic variables, then the financialization process has changed the price setting and 

the volatility of commodity futures. As a result, the risk premium of commodity futures may 

establish a unique pattern compared to other conventional asset classes. Therefore, the third 

study illustrates the diversification benefits by considering the emerging commodity futures as 
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potential investment assets in the context of conventional assets made of bonds and equities. 

Titles and research questions for each of the three studies are given below.  

 Study 1: The Dynamic Relationship between Futures and Spot Prices of Agricultural 

Commodities: Evidence from China and the US 

RQ1: Do futures markets play a price discovery role in relation to prices in 

agricultural commodities? 

 Study 2: The Macroeconomic Determinants of Commodity Futures Volatility: 

Evidence from Chinese and Indian Markets  

RQ2: How do the macroeconomic variables impact the volatility of commodity futures? 

 Study 3: Portfolio Benefits from Investing in Emerging Commodity Futures 

RQ3: Are emerging commodity futures an effective investment vehicle for US investors 

to obtain diversification benefits? 

The research hypotheses associated with these research questions are also 

conceptualised in detail and explained in subsection 1.4.  

1.4 Hypothesis Development  

Eight hypotheses address these three research questions. The first study looks at the 

information transmission between China and the US agricultural commodity markets; in 

particular, both long-run and short-run analyses are examined among three markets. Therefore, 

three hypotheses are established based on the research objectives. The second study 

investigates the macroeconomic determinants of the volatility of the commodity futures. The 

analysis focuses on the impact of both the changes and the volatility of the macroeconomic 

variables to the volatility of the commodity futures. Therefore, hypotheses four to seven are 



Chapter 1 Introduction 

17 
 

established based on the research objectives. 3 Study 3 examines the portfolio diversification 

benefits of the emerging commodity futures. Following this research objective, hypothesis 

eight investigates the portfolio diversification benefits provided by these emerging commodity 

futures.  

Hypothesis 1: 

The LOP suggests there are no arbitrage opportunities among identical assets in well-

functioning markets. Spot and futures prices of commodity originate from the same underlying 

asset and as such there should not be any arbitrage opportunities among the two. The first 

hypothesises is proposed based on this: 

H|0: There is no long-run equilibrium relationship existing among Chinese spot/futures prices 

and futures prices in the US.  

H|A: There is a long-run equilibrium relationship among spot/futures prices in China and 

futures prices in the US.  

Insufficient evidence to reject the null hypothesis would indicate that the LOP collapses 

in the selected agricultural commodity markets and that an arbitrage opportunity exists in these 

markets. Therefore, speculators can take advantage of the price differences among markets to 

earn profit. 

Sufficient evidence to reject the null hypothesis in favour of the alternative hypothesis 

would indicate that the LOP holds in the selected agricultural commodity markets in a long run. 

                                                           
3 Eight macroeconomic variables are employed for the analysis: consumer price index, industrial production index, 
consumer confidence index, money supply, short-term interest rate, terms spread, exchange rate and composite 
economic leading indicator. The list of variables is presented in chapter 3, the Literature Review, with the expected 
sign of the relationship with the volatility of commodity futures. Therefore, the detail hypothesis for each 
macroeconomic variable is not listed here.  
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Accepting the alternative hypothesis further confirms that the financialization process of 

commodity markets may not affect the pricing mechanism of emerging commodities in a long-

run. 

Hypothesis 2:  

H|0: There is no relationship between futures prices in China and their underlying commodities 

in the short-run.  

H|A: The commodity futures prices in China lead the prices of their underlying commodities in 

the short-run.  

Accepting the null hypothesis indicates that the information content in futures prices 

cannot predict the underlying commodity prices in the short-run and vice versa. This indicates 

that the agricultural commodity market is an efficient one; hence, when new information 

arrives, it adjusts into the spot and futures prices simultaneously. No lead–lag relationship 

exists between these two markets.  

If there is sufficient evidence to reject the null hypothesis and to be in favour of the 

alternative hypothesis, this indicates that the information contained in commodity futures in 

China plays an importance price discovery role in the underlying commodity market. When 

new information comes to the markets, the futures markets adjust the information more quickly 

than the underlying commodity markets do. Therefore, the market is inefficient in the short-

run.  
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Hypothesis 3: 

H|0: There is no relationship between Chinese futures prices and the US futures prices in the 

short-run.  

H|A: There is a bi-directional relationship between Chinese futures prices and the US futures 

prices in the short-run.   

If there is insufficient evidence to reject the null hypothesis, this indicates the LOP 

collapses during the short-term period. The futures prices are not affected by international 

information. If there is sufficient evidence to reject the null hypothesis and in favour of the 

alternative hypothesis, this indicates that the information contained in commodity futures in 

China plays an important price discovery role in commodity futures prices in the US and vice 

versa. Therefore, the information not only flows from more liquid and more efficient developed 

markets to less liquid and less efficient ones, but also flows from the emerging commodity 

futures to the developed markets.  

The changes in the macroeconomic variables will cause changes to the risk of particular 

commodity futures. Based on this argument, the corresponding hypotheses 4 to 7 are framed 

as follows. In particular, the hypotheses are for domestic macroeconomic variables and 

international macroeconomic variables.  

Hypothesis 4:  

H|0: There is no relationship between changes in domestic macroeconomic variables and the 

volatility of the commodity futures.  

H|A: There is a relationship between changes in domestic macroeconomic variables and the 

volatility of the commodity futures.  
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If there is insufficient evidence to reject the null hypothesis, this indicates the 

information contained in the changes in domestic macroeconomic variables cannot forecast the 

volatility of the commodity futures. If there is sufficient evidence to reject the null hypothesis 

and in favour of the alternative hypothesis, this indicates that the information in the changes in 

domestic macroeconomic variables can be used to determine the volatility of the commodity 

futures.  

Hypothesis 5:   

H|0: There is no relationship between changes in international macroeconomic variables and 

the volatility of the commodity futures.  

H|A: There is a relationship between changes in international macroeconomic variables and 

the volatility of the commodity futures.  

If there is insufficient evidence to reject the null hypothesis, this indicates the 

information contained in the changes of international macroeconomic variables fails to 

determine the volatility of emerging commodity futures. If there is sufficient evidence to reject 

the null hypothesis and in favour of the alternative hypothesis, this indicates that the 

information in the changes of international macroeconomic variables plays an important role 

in determining the volatility of the emerging commodity futures. Therefore, the volatility of 

emerging commodity futures is affected not only by domestic information but also by the 

international information  
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Hypothesis 6:  

H|0: There is no relationship between the volatility of domestic macroeconomic variables and 

the volatility of the commodity futures.  

H|A: There is a relationship between the volatility of domestic macroeconomic variables and 

the volatility of the commodity futures.  

If there is insufficient evidence to reject the null hypothesis, this indicates the 

information contained in the volatility of domestic macroeconomic variables fails to determine 

the volatility of emerging commodity futures. If there is sufficient evidence to reject the null 

hypothesis and in favour of the alternative hypothesis, this indicates that the information in the 

volatility of domestic macroeconomic variables is useful in determining the volatility of the 

commodity futures.  

Hypothesis 7:  

H0: There is no relationship between the volatility of international macroeconomic variables 

and the volatility of the commodity futures.  

HA: There is a relationship between the volatility of international macroeconomic variables 

and the volatility of the commodity futures.  

If there is insufficient evidence to reject the null hypothesis, this indicates the 

information contained in the volatility of international macroeconomic variables fails to 

determine the volatility of emerging commodity futures. If there is sufficient evidence to reject 

the null hypothesis and in favour of the alternative hypothesis, this indicates that the 

information in the volatility of international macroeconomic variables plays an important role 

in determining the volatility of the emerging commodity futures. Therefore, the volatility of 
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emerging commodity futures is affected not only by domestic information but also by the 

international information.  

If emerging commodity futures is affected by both domestic and international 

information, it may exhibit unique risk-return profile compared to other conventional assets 

such as stocks and bonds. Therefore, the US investors may achieve portfolio diversification 

benefits by investing in emerging commodity futures. Hypothesis 8 tests the portfolio 

diversification benefits of using emerging commodity futures.  

Hypothesis 8:  

H0: Commodity futures in the emerging markets do not provide additional portfolio 

diversification benefits to US portfolio holders. 

HA: Commodity futures in the emerging markets can provide additional portfolio 

diversification benefits to US portfolio holders.  

If there is insufficient evidence to reject the null hypothesis, this indicates that emerging 

commodity futures provides no portfolio diversification benefits to US investors and therefore, 

it cannot be treated as an alternative investment asset class to achieve portfolio diversification 

benefits. If there is sufficient evidence to reject the null hypothesis and in favour of the 

alternative hypothesis, this indicates that emerging commodity futures provides additional 

diversification benefits to US portfolio holders. Therefore, it can be treated as an alternative 

investment option for US investors.  
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1.5 Findings of the Research  

Due to globalization, commodity trading has changed dramatically; some of these 

changes are influenced by the financialization of commodity markets. The overall purpose of 

this thesis is to explore the impact of financialization of commodities markets with a focus on 

emerging markets. This research objective has been examined through pricing mechanisms and 

a portfolio context. This research firstly finds a long-run equilibrium relationship among 

futures/spot prices in China and futures prices in the US for all selected agricultural 

commodities, except for wheat. This indicates that the LOP holds in the long-run and therefore 

arbitrage opportunities do not exist in a long run. Further, this result indicates that the markets 

are efficient in the long-run and financialization process has no influence on the prices in the 

long-term. This research further investigates the short-run relationship among these three 

markets. The results show a bi-directional relationship between futures and spot prices in China, 

which indicates that the information content in futures prices can influence the spot market 

movements in China in the short-run and vice versa. This result indicates the violation of the 

LOP in the short-run. Due to the financialization process, the information contained in the 

emerging commodity futures start to play a significant price discovery role in the developed 

commodity futures markets.  

Further, this research examines the pricing mechanism from the volatility term structure. 

It observes the volatility determinants of the commodity futures in China and India. The results 

firstly confirm that the existence of a long-run variance component and that modelling the 

commodity volatility as the product of high and low-frequency component is more efficient 

than the results of the Generalised Autoregressive Conditional Heteroskedasticity (GARCH (1, 

1)) model. Secondly, the findings of Chinese and Indian markets show that macroeconomic 

variables are important determinants of the volatility of commodity futures. The long-run 
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variance is significantly determined by both domestic and international macroeconomic 

information. The uncertainty of macroeconomic variables has better economic implications 

than changes of macroeconomic variables. Again, these results confirm that financialization 

has significant impact on the volatility of emerging commodity futures; as a result, the volatility 

of emerging commodity futures is affected not only by the domestic macroeconomic variables, 

but also by the international macroeconomic variables.  

Both price and volatility show that the financialization process has changed the pricing 

mechanisms of commodity futures. In addition, because of the financialization process, a large 

investment inflow into the commodity futures markets, the risk premium of commodity futures 

may be changed due to the large financialization process. As a result, they can be treated as an 

alternative investment class compared to conventional assets. This research also investigates 

the additional portfolio diversification benefits of Chinese and Indian commodity futures. The 

findings show that both Chinese and Indian commodity futures can provide additional portfolio 

diversification benefits to US investors. Additionally, they can outperform US commodity 

futures, which indicates that the commodity futures in the emerging markets can be treated as 

an alternative investment option for US investors to take advantage of when choosing portfolio 

investment asset classes.  

Overall, the findings of three studies support the argument that the globalization and 

financialization of commodity futures have a significant impact on emerging commodity 

futures markets. In particular, along with the globalization and financialization, emerging 

commodity futures are not only affected by domestic information, but also influenced by 

international factors. At the same time, the emerging commodity futures still remain to have 

their unique characteristics and, therefore, they can be treated as an alternative investment asset 
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class, which provides more additional portfolio diversification benefits compared to other 

conventional asset classes, such as stocks and bonds.  

1.6 Contributions and Implications 

This research examines the impact of the globalization and financialization of emerging 

commodity markets by using three interrelated studies. It extends the existing literature in the 

field of pricing mechanisms by providing additional evidence of information transmission 

among futures/spot markets and volatility determinants of commodity futures. This additional 

evidence from the commodity pricing mechanism, this research further investigates the 

potential of emerging commodity futures used as a separate asset class for portfolio investment. 

Most of the existing literature that examines the commodity pricing mechanism is based on the 

developed market data and has a focus on index futures. Few studies have examined the 

financialization of commodities from an emerging market perspective. To the best of the 

author’s knowledge, this research is the first that investigates the impact of globalization and 

financialization of commodities from the standpoint of emerging market. Therefore, it has 

made significant contributions to the theory, practice and policy.  

• Contributions to Theory 

This research firstly provides a clear understanding of how the financialization process 

has changed the pricing mechanism within the commodity markets. Earlier studies provided 

mixed evidence for the pricing mechanism using index futures, but did not incorporate cross-

country individual commodities in their analysis. By using individual commodities across 

developed and emerging markets, the findings concluded that the pricing of commodities has 
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changed from the purely domestic factors to include international factors. 4  Additionally, 

emerging market factors have gained more importance in the pricing of commodities.  

The second contribution of the research is in term of explaining how the 

macroeconomic variables cause changes in the investment risk of commodities, which is 

measured by volatility. Due to the globalization and financialization process, the volatility of 

emerging commodity futures is affected not only by domestic information, but also affected by 

international information. Distinct from previous research, which focuses on the fundamental 

supply and demand factors, this research focuses on the variables related to the macro economy, 

and investigates whether the business cycle, monetary policies, consumer sentiments, and 

broad economic environment have significant impact on the volatility of commodity futures.  

The third contribution of this research is to the Modern Portfolio Theory (MPT). This 

research provides evidence that the financialization has caused the emerging market 

commodities to behave in a manner consistent to a separate asset class. Understanding of 

commodities as a separate asset class is an important contribution to the body of knowledge.  

By studying the time-varying correlations between conventional assets and commodity futures, 

this research improves the understanding of the dynamic integration of international markets.  

The fourth contribution of this research is related to construction of volatilities. Distinct 

from previous studies, which generally ignore the influence of macroeconomic conditions, this 

research used a superior model and decomposed the volatility into short-run and long-run 

components. In this way, this research separates the information contained in the short-run 

daily prices and long-run macroeconomic conditions. This allows examination of the influence 

of the broad economic conditions on risk directly. This is important for researchers whom seek 

                                                           
4 This forms the analytical part of the Chapter 5 and has been published as Mo, Gupta, Li and Singh (2017). 
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to understand the impact of economic changes in the volatilities of the financial assets in the 

market.  

• Contributions to Practice 

First, this research makes important contributions to practice by providing evidence that 

the use of commodities in portfolio context can enhance their risk-adjusted returns. When 

commodity futures are added to a portfolio of conventional assets the efficient frontier expands 

and moves up and towards the left. This allows investors to enhance their risk adjusted returns 

and they can achieve a lower risk portfolio without significantly sacrificing the expected returns. 

Second, understanding of relationship among macroeconomic variables and the 

volatility of commodity futures is of value to portfolio managers in forecasting future 

movements of commodity prices. Ability to forecast future movements in commodity prices 

allows investors to protect themselves from the adverse movements in asset prices by selecting 

commodities that are not expected to decline in future. 

Third, this research identifies information flow across markets and demonstrates that 

the flow of information is bidirectional and not unidirectional from dominant market to 

emerging markets as was earlier thought.  Investors ought to look at the economic expectations 

in both, emerging markets and developed markets, in their investment decision-making 

processes.  

• Policy Implications 

Policies that are designed to directly control spot prices in commodities may not work, 

as prices are determined in the international markets. The relationship between spot and futures 

collapse in the grain markets, this violation of the relationship may be due to the direct 
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government control on the grain spot prices. The interventions may succeed in terms of policy 

objectives in the short-run by keeping the spot prices in check; however, over time, this 

intervention may have a more detrimental effect in the market. This intervention may cause 

mispricing in the spot market for commodities in China. This mispricing may result in 

development of an unofficial trading in the grain markets. From a policy perspective, direct 

control of the spot prices in the grain market may not be a workable policy option for the policy 

makers. Policy makers may have to consider policies that aim to influence supply side (or 

demand) of the commodities rather than controlling the prices to influence demand (or supply) 

for the commodities as direct control on prices only exacerbates the problem. Futures markets 

in China are relatively new compared to the markets in developed countries, policies and 

standards are in developmental stage. Therefore, findings of this research will also assist policy 

makers to develop regulations for spot and futures markets, particularly in China. Moreover, 

government should use interventions in fiscal and monetary policy rather than the direct price 

control on grain commodities.   

This research finds that the commodities are a separate asset class and this finding has 

important implications for the policy makers who seek to design policies that provide attractive 

investment environment for investors. In light of these findings, policymakers ought to 

consider commodities in emerging markets as an alternative investment option within the 

context of other investments. If policy makers fail to do so, investors may lose valuable 

opportunities to consider commodities in their investment portfolios for effective investments. 
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1.7 Structure of the Thesis  

This research is founded by three theoretical frameworks: EMH, LOP and spot and 

futures parity. If the three theoretical foundations hold, there should be a long-run equilibrium 

relationship between spot and futures prices. However, the financialization has changed the 

pricing mechanisms of commodities, the commodity futures price movements are driven by 

both domestic and international factors. This thesis investigates the changing in price setting 

from price discovery and volatility perspectives. Finally, based on these results, this thesis 

further investigates whether the commodity futures in emerging markets can be used as an 

effective investment venue for the US portfolio investors. Figure 1.1 presents the thesis 

framework.  
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Figure 1.1: Thesis Framework 
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The remainder of this thesis is structured as follows. Chapter 2 provides the institutional 

background for Chinese and Indian commodity markets. The first part provides a brief 

introduction to commodity and commodity exchanges. The second subsection reviews the 

development of Chinese commodity exchanges. The final subsection reviews the development 

of Indian commodity exchanges.  

Chapter 3 reviews related research. It consists of six subsections: including Section 3.1, 

the overview of literature section; Section 3.2, theoretical framework of this research; and 

Section 3.3, the financialization of commodity futures; Section 3.4, linkages among commodity 

futures markets and spot markets; Section 3.5, determinants of volatility; Section 3.6, 

commodities and portfolio investments; and Section 3.7, the summary of the literature review.  

Chapters 4, 5, 6 present the three-interrelated studies conducted in this thesis. Chapter 

4 examines the information transmission between the Chinese and the US agricultural 

commodity markets. Chapter 5 investigates the macroeconomic determinants of commodity 

futures volatility, based on the information from two largest emerging markets, China and India. 

Chapter 6 explores whether the commodity futures from the emerging markets can provide any 

additional diversification benefits to the US portfolio holders. Finally, Chapter 7 concludes the 

thesis and discusses future research directions. 
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Chapter 2  

Institutional Background 

2.1 Introduction  

This chapter provides the background information about commodities and commodity 

exchanges; in particular, it emphasises the development of commodity exchanges in two largest 

emerging markets, China and India. This chapter, the background of the research, provides an 

overview of the two emerging commodity markets employed for further analysis. 

Both Chinese and Indian commodity exchanges have grown rapidly in recent years. 

According to the Futures Industry Association (FIA) and the China Futures Association (CFA), 

the Chinese and Indian commodity exchanges were ranked in the top 10 global futures and 

options exchanges in 2015 by trading volume of commodity futures and options.5 Several 

Chinese and Indian commodity-based futures products were also ranked among the top 

products in each category worldwide in 2015.6 Because of the significant roles the Chinese and 

Indian futures markets play in the global context, they are considered in this research as 

representatives of global emerging markets. The evidence from these two markets may have 

broad implications for other emerging markets.  

This chapter is organised as follows: Section 2.2 provides background information 

about commodities and commodity exchanges; Section 2.3 reviews the development of the 

                                                           
5 DCE, ZCE and SFE in China are ranked No.1, 2, and 3, respectively in 2015. The Multi Commodity Exchange 
(MCX) in India is also ranked 6.  
6 Soybean meal, Rapeseed Meal, and Sugar in China are ranked 1st, 2nd, and 3rd in the agricultural futures categories. 
Steel Rebar, Iron Ore, silver, nickel futures in China are ranked the top 5 metal futures categories, whereas, the 
silver and copper futures in India are ranked 14 and 18, respectively.  
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Chinese commodity futures exchanges; Section 2.4 considers the development of the Indian 

commodity futures exchanges; and Section 2.5 concludes the chapter. 

2.2 Commodities and Commodity Exchanges  

Commodities are real assets that can be produced, purchased, sold and consumed 

(Fabozzi, Fuss, & Kaiser, 2008). The global markets have four major categories of commodity 

trading: agricultural goods, metals, energies and minerals. Commodities play an important role 

in the economic development of developed, developing and less developed countries. In 

particular, 95 out of 141 developing countries depend on commodities for at least 50% of their 

export, based on statistics from CFC. Given the heavy dependence of commodities, any 

development strategy aimed at economic growth, poverty reduction and food security needs to 

recognise the crucial role played by commodities and natural resources in these economies. 

This subsection provides an overview of the commodities, commodities futures and, more 

importantly, the commodity exchanges in the world.  

2.2.1 Physical Commodities and Commodity Futures  

In general, commodities are considered as a product of the primary sector of an 

economy, which is concerned with agriculture and extraction of raw materials such as metals 

and energy (crude oil and natural gas). These commodities serve as basic inputs for the 

secondary sector of the economy. Compared to other asset classes, commodities have unique 

characteristics. First, they are real assets and are primarily used for consumption rather than for 

investment purposes. Second, they have intrinsic values and provide utility in either industrial 

manufacturing or consumer goods. Third, the supply for certain commodities, such as 

agricultural goods, shows a strong seasonal component; other commodities, such as metals, can 

be mined almost all year. Fourth, as an asset class, commodities are not homogenous; thus, the 
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quality is not standardised and the individual commodity has its own specific properties. A 

common way to classify them is to distinguish between soft and hard commodities,7 as shown 

in Figure 2.1. However, to quantify as an alternative asset class, assets need to be similar, with 

a homogenous risk-return profile as well as a heterogeneous risk-return profile towards other 

asset classes. Commodities are heterogeneous in their characteristics, but have a similar risk-

return pattern. Hence commodities qualify as a separate asset class within a portfolio context.  

Figure 2.1: Classification of Commodity Sectors 

 
Notes: The commodities can be categorised as hard commodities and soft commodities. Hard commodities are 
products from the energy, precious metals, and industrial metals sectors. Soft commodities are usually weather-
dependent, perishable commodities for consumption from the agricultural sector, such as grains or soybeans, 
or are livestock, such as cattle or hogs. 
Source: Fabozzi et al. (2008) 

Investors can take an exposure via trading in derivative markets. A commodity futures 

contract, a derivative written on an underlying commodity, is a standardised agreement to buy 

and sell a predetermined amount of the commodity at a specific price on a given date in the 

future (Datta, 2010). Futures contracts values are based on the current futures price and 

expectations of the futures spot price. Buyers use such contracts to avoid risks associated with 

                                                           
7 All commodities listed here have the corresponding futures contracts. 
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price fluctuations of the futures’ underlying commodities or raw materials. Sellers use futures 

contracts to lock in predetermined prices for their products.  

In general, there are two major functions of a futures contract: price risk management 

and price discovery. The price risk management function refers to using futures contracts to 

shift price risk to others. The price discovery function, which refers to the use of futures prices 

for pricing cash market transactions or for price discovery means, is also considered as an 

important function of commodity futures markets. Futures prices are usually discovered on the 

platform of exchanges. Therefore, a well-oriented commodity exchange forms a natural 

reference point for physical trade, and in this way, helps the price discovery process. The 

following subsection will review the major functions and evaluation of commodity futures 

exchanges.  

2.2.2 Commodity Exchanges  

Commodity exchanges are defined in various ways. In the most restricted sense, they 

refer to a centralised location where buyers and sellers carry out transactions with or without 

physical commodities, under a set of clearly defined rules and regulations (UNCTAD, 2001). 

Commodity exchanges can contribute to market development by reducing transaction costs, 

improving price discovery, and reducing price risks. Coordinating through a centralised 

exchange reduces the costs associated with identifying market outlets, physically inspecting 

product quality, and finding buyers or sellers. Previously, based on different market conditions, 

commodity exchanges may have been categorised with different functions. In developed 

countries, such exchanges act as a platform for futures contracts trading, or standardised 

contracts for future delivery (UNCTAD, 2009). In the developing countries, a commodity 

exchange may act in a broader range of ways, in order to stimulate trade in the commodity 

sector: through the use of instruments other than futures, such as cash or spot trade for 
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immediate delivery;, through forward contracts on the basis of warehouse receipts or through 

trading farmers’ repurchase agreements. Nowadays, derivative instruments have become ever 

more sophisticated in both forms and applications. As a result, commodity exchanges provide 

many benefits and perform important functions to producers, processors, traders and users of 

commodities in both developed and developing markets.  

The potential benefits of organising commodity exchanges include strengthening 

market liquidity and facilitating price risk management (Black, 1986; Leuthold, Junkus, & 

Cordier, 1989). Commodity exchanges can provide four functions to market participants: the 

reduction of transaction costs, price discovery, price transparency and risk transfer. Futures 

contracts contribute to the risk transfer by locking in the price for future delivery: they can 

‘hedge’ against unfavourable price movements that may occur before the delivery date. 

In the early stage, the developed countries were the leading players in commodity 

derivatives trading and, therefore, the benefits of commodity exchange trading remained 

confined to these industrialised countries. The growth of commodity exchanges in emerging 

economies has been particularly significant since the early 1990s. Some of the emerging 

commodity exchanges have taken over the dominant role as the functional commodity trading 

platform. According to the UNCTAD (2007), non-Organisation of Economic Cooperation and 

Development (OECD) countries accounted for more than 50% of the agricultural futures and 

options traded in the world in 2005. Table 2.1 presents the top 15 derivatives exchanges 

worldwide, based on the number of contracts traded in 20138. Several commodity exchanges 

from the emerging countries were ranked in the top exchanges by number of contracts (see 

                                                           
8 This is the most recent data available. This is not analysed by the primary research question: here, the figures 
are provided for understanding the importance of the commodity exchanges in emerging markets.  
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Table 2.1). In particular, the MCX in India, and the DCE, the SHFE and the ZCE in China are 

ranked 10, 11, 12, and 13.  

Table 2.1: Top 15 Derivatives Exchanges Worldwide by Number of Contracts Traded in 2014 

Ranking  Exchange  No. of Contracts  
 1   CME Group (US)   3,161,476,638  
 2   Intercontinental Exchange* (US)   2,807,970,132  
 3   Eurex (Germany)   2,190,548,148  
 4   National Stock Exchange of India   2,135,637,457  
 5   BM&F BOVESPA (Brazil)   1,603,600,651  
 6   CBOE Holdings (US)   1,187,642,669  
 7   NASDAQ OMX (US)   1,142,955,206  
 8   Moscow Exchange (Russia)   1,134,477,258  
 9   Korea Exchange (South Korea)   820,664,621  
 10   MCX India (India)   794,001,650  
 11   DCE (China)   700,500,777  
 12   SHFE (China)   642,473,980  
 13   ZCE (China)   525,299,023  
 14   Japan Exchange Group   366,145,920  
 15   Hong Kong Exchanges & Clearing   301,128,507  

   Source: FIA Annual Volume Survey 2013 
   *Includes NYSE Euronext  

Given the important position of emerging commodity exchanges in the global context 

nowadays, the development of these exchanges becomes critical to the global commodity 

exchange. This research selects the two largest emerging economies, which also have relatively 

large emerging commodity exchanges. The following subsections review the development of 

commodity exchanges in China and India.  

2.3 The Development of Chinese Commodity Exchanges  

The futures market in China, which started at the beginning of the twentieth century, 

has dozens of commodity exchanges. Most of these commodity exchanges disappeared during 

the 1930s. After a long wait, the first commodity exchange, the China Zhengzhou Grain 

Wholesale Market, was established in 1990. During these two decades of development, some 

Chinese commodity exchanges have come to dominate many of the world’s commodity 
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markets. According to a report from the China Securities Regulatory Commission (CSRC), the 

trading volume of China’s commodity futures has topped the list in the world for five years. In 

2014, the trading volume of the futures market created a new high: the cumulative volume of 

the futures market was 2.505 billion hands, and the cumulative turnover was 291.99 trillion, 

with year-on-year growth of 21.54% and 9.16% respectively. These figures show that China 

already has the world’s largest commodity futures market (Zhou, 2016). The following 

subsection reviews the reforms and development of Chinese commodity futures exchanges. 

2.3.1 Initial Stage  

China has had a centrally planned and controlled economy for a long period of time. 

Five-Year Plans were the primary tool for economic management in China from 1953 to the 

end of the 1970s. The main function of planning in China was to guide the production of major 

products by state-owned enterprises. A large number of ministries in the state council were 

responsible for the production of a wide range of products, including coal, petroleum, chemical 

products, metals, consumer products, textile, machine building, electronics, nuclear energy, 

aircraft, ammunitions, mineral resources, water resources, electric power, telecommunications, 

urban and rural construction, environmental protection, finance and commerce (Chow, 2011).   

Under the planned economy, the government controlled the commodity prices in China. 

When prices are controlled and determined by a central agency, commodity futures markets 

are redundant for price discovery and hedging against price fluctuations. Cornell (1981) argues 

that when the future price of a commodity is known with certainty, there is no reason to 

establish a futures market. Therefore, such futures markets did not exist prior to economic 

reforms in China.  
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Since the 1980s, the Chinese government has changed the economic model from a 

planned economy to a market-oriented one and has removed all price controls gradually. 

Allowing prices to be determined by supply and demand in the market cause prices to fluctuate, 

so the government was actively preparing for China’s futures market by setting up the 

regulations. In October 1990, the first commodity exchange, the China Zhengzhou Grain 

Wholesale Market, was established, and the spot market quickly expanded to include futures 

transactions (Williams, Peck, Park, & Rozelle, 1998). In 1991, the Shenzhen Metal Exchange 

was established and the first standardised futures contracts were introduced.  

In the early 1990s, futures exchanges expanded quickly in China. By the end of 1993, 

there were more than 50 exchanges trading over 50 types of commodities (Xin, Chen, & Firth, 

2006). Unsurprisingly, the rapid and uncontrolled expansion of futures exchanges resulted in 

chaos and problems. The four main problems can be summarised as follows. First, the number 

of futures exchanges was too large and the distributions were unbalanced. Second, similar 

futures products were traded in different futures exchanges. Third, the black market existed in 

futures, and foreign futures transactions expanded irrationally and were not monitored 

effectively. Fourth, futures transactions were not standardised. Potential reasons for these 

problems include ineffective governing mechanisms, inadequate regulations, a lack of 

understanding of future markets, and the motivation for departmental and local benefit. 

The future markets were still regarded as experimental in the 1990s. Hence, the 

government supervised the exchange closely and has enacted various reforms to improve 

efficiency and reduce market manipulations. The regulation stage of futures markets can be 

divided into two stages in China, the first stage starting from 1994 and the second stage 

happening since 1998. The following subsection reviews the regulation development of the 

Chinese commodity futures exchanges.   
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2.3.2 Regulation Stage  

The regulation stage of futures markets in China can be further divided into two. During 

the first stage of the futures market development, pertinent laws and regulations severely 

lagged behind the speed of market expansions. The lack of a central regulatory agency to 

oversee the entire market has also allowed massive speculations to take place. These massive 

speculations cause unexpected price fluctuations under the ineffective regulations, especially 

in China’s immature commodity futures markets.  

To restrain uncontrolled expansion of futures trading, stabilise the market, and control 

excessive risks, several regulations were introduced from the end of 1993 to the beginning of 

1994. In particular, all futures exchanges are under the jurisdiction of the State Council 

Securities Commission (SCSC) and the CSRC. Measures, including the approval process in 

setting up an exchange, the determination of the scope of products to be trades, and the overall 

regulation of exchanges through the development of a national futures trading law, were 

introduced to standardise futures trading. These measures were aimed at improving the 

credibility of the markets and reducing the illegal transactions9.  

Although the first adjustment established the preliminary regulatory framework to 

control the irrational development of China’s commodity futures markets, their futures markets 

were still immature and the spot markets remained underdeveloped during the period of 1994 

to 1998. As a result of this immature market, with its large number of unregulated transactions, 

the investigative and enforcement actions of the CSRC could not manage to prevent rampant 

speculation. Several typical over-speculation events happened during this period. In this 

context, futures markets failed to play a positive role in either China’s economy or in the price 

                                                           
9 According to CSRC regulations on administration of futures trading 2008, illegal activities include frauds, 
insider dealing and manipulation of futures transactions prices.  
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discovery process in the spot markets. Thus, a second adjustment to the commodity futures 

markets became necessary.  

The second stage of reforms, which focused on improving market efficiency and 

effectiveness, started in late 1998 and early 1999. Chinese regulators merged fifteen futures 

exchanges into the current three futures exchanges, namely, the SHFE, the ZCE, and the DCE.10 

Table 2.2 provides the timeline of the merger of commodity futures markets in China. In 

addition, only seven commodity futures products were permitted to trade and the number of 

futures brokerage corporations fell to 213 through requirements of minimum capital and 

licensing examinations.  

Table 2.2: Commodity Futures Exchanges in China 
Period Numbe

r 
Name 

1993-1994 >50 

Zhengzhou Commodity Exchange (ZCE) 
Dalian Commodity Exchange (DCE) 
Shanghai Cereals and Oils Exchange (SCOE) 
Shanghai Commodity Exchange (SHCE) 
Shanghai Metal Exchange (SHME) 
Beijing Commodity Exchange (BCE) 
China Commodity Futures Exchange (CCFE) 
Chongqing Commodity Exchange (CQCE) 
Suzhou Commodity Exchange (SCE) 
Shenyang Commodity Exchange (SYCE) 
Shenzhen Metal Exchange (SME) etc. 

1995-1998 15-14 

ZCE, DCE, SCOE, SHCE, SHME, BCE, CCFE, CQCE, SCE, SYCE, 
SME, Guangzhou United Futures Exchange (GUFE), Tianjin United 
Futures Exchanges (TUFE), Changchun United Futures Exchange 
(CCUFE)  

1999-Now 3 
ZCE 
DCE 
SHFE 

Source: Xin et al. (2006) 

Through the second stage of adjustment, a relatively comprehensive legal and 

regulatory framework has been established and market efficiency and effectiveness have been 

improved significantly. Moreover, the level of standardisation has greatly improved in terms 

                                                           
10 The other exchanges were either closed down or restructured as futures brokerage corporations.  
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of transactions, delivery, settlement, information disclosures and agency service. The market 

structure became more reasonable and the market participants were harmonised. During this 

period, several futures contracts became relatively active transactions, such as copper, soybean, 

aluminium, and wheat. 

2.3.3 Commodity Exchanges and Trading Activities 

Currently, four futures exchanges exist in China: three commodity futures, DCE, SHFE, 

and ZCE, and one financial futures, China Financial Futures Exchange (CFFEX). Since the 

focus of this research is commodity futures, only the development of commodity futures will 

be discussed in this subsection. DCE, SHFE, and ZCE have different trading focuses. The 

SHFE mainly trades metal commodities, such as copper, aluminium and rubber futures. The 

DCE trades in futures contracts on a national scale for a variety of agricultural and industrial 

produce such as soybean, soybean oil, corn, palm oil, and soybean meal. The ZCE specialises 

in agricultural and chemical product futures, including hard white wheat, strong gluten wheat, 

sugar, cotton, and rapeseed oil.  

Overall, the commodity futures markets have exhibited tremendous development over 

the past decade. Altogether, the 46 futures contracts listed on SHFE, DCE, and ZCE cover a 

wide range of metal, energy, agricultural, chemical, and other industrial products. Table 2.3 

presents detailed information about the commodity futures listed on exchanges, including code, 

tick size, contract size, contract months and trading hours. 
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Table 2.3: Detailed Futures Contract Information on Commodity Exchanges in China 

Commodity Code Tick Size Contract size Contract months Trading Hours (Beijing Time) 
Panel A: SHFE 

     

Metal 
     

Copper Cathode CU 10yuan/ton 5tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Aluminium AL 10yuan/ton 5tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Zinc ZN 5yuan/ton 5tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Lead PB 5yuan/ton 5tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Nickel NI 5yuan/ton 1tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Tin SN 5yuan/ton 1tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Gold AU 0.05yuan/g 1kg Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Silver AG 1yuan/kg 15kg Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Steel Rebar RB 1yuan/ton 10tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Wire Rod WR 1yuan/ton 10tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Hot-rolled Coil HC 2yuan/ton 10tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Energy 

     

Fuel Oil FU 1yuan/ton 50tons Monthly contracts (except the spring festival) 9:00-11:30, 13:30-15:00 
Bitumen BU 2yuan/ton 10tons Monthly contracts (except the spring festival) 9:00-11:30, 13:30-15:00 
Chemical 

     

Natural Rubber RU 5yuan/ton 10tons Monthly contracts (except the spring festival) 9:00-11:30, 13:30-15:00 
 

To be continued on next page  
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Table 2.3 continued 

Panel B: DCE Code Tick Size Contract size Contract months Trading Hours (Beijing Time) 
Agriculture 

     

Corn C 1yuan/mt 10mt Jan, Mar, May, July, Sep, Nov 9:00-11:30, 13:30-15:00 
Corn Starch CS 1yuan/mt 10mt Jan, Mar, May, July, Sep, Nov 9:00-11:30, 13:30-15:00 
No.1 Soybean A 1yuan/mt 10mt Jan, Mar, May, July, Sep, Nov 9:00-11:30, 13:30-15:00, 21:00-23:30 pm 
Egg JD 1yuan/500kg 5mt Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
No.2 Soybean B 1yuan/mt 10mt Jan, Mar, May, July, Sep, Nov 9:00-11:30, 13:30-15:00, 21:00-23:30 pm 
Soybean Meal M 1yuan/mt 10mt Jan, Mar, May, Jul, Aug, Sep, Nov, Dec 9:00-11:30, 13:30-15:00, 21:00-23:30 pm 
Soybean Oil Y 2 yuan/mt 10mt Jan, Mar, May, Jul, Aug, Sep, Nov, Dec 9:00-11:30, 13:30-15:00, 21:00-23:30 pm 
RBD Palm Olein P 2 yuan/mt 5mt Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00, 21:00-23:30 pm 
Fiberboard FB 0.05yuan/piece 500pieces Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Blockboard BB 0.05yuan/piece 500pieces Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Industrial 

   
    

Linear Low Density 
Polyetylene (LLDPE) 

L 5 yuan/mt 5mt Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 

Polyvinyl Chloride 
(PVC) 

V 5 yuan/mt 5mt Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 

Polypropylene (PP) PP 1yuan/mt 5mt Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Coking Coal JM 1yuan/mt 60mt Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00, 21:00-23:30 pm 
Coke J 1yuan/mt 100mt 

  

Iron Ore I 1yuan/mt 100mt Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00, 21:00-23:30 pm 
 
 
 
 

To be continued on next page  
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Table 2.3 continued 

Panel C: ZCE Code Tick Size Contract size Contract months Trading Hours (Beijing Time) 
Agriculture 

     

Cotton No.1 CF 5yuan/ton 5tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Japonica Rice JR 1yuan/ton 20tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Late Indica Rice LR 1yuan/ton 20tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Rapeseed Oil OI 2yuan/ton 10tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Wheat PM PM 1yuan/ton 50tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Early Rice RI 1yuan/ton 20tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Rapeseed Meal RM 1yuan/ton 10tons Jan, Mar, May, Jul, Aug, Sep and Nov 9:00-11:30, 13:30-15:00 
Rapeseed RS 1yuan/ton 10tons Jan, Mar, May, Jul, Aug, Sep and Nov 9:00-11:30, 13:30-15:00 
White Sugar SR 1yuan/ton 10tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Wheat WH WH 1yuan/ton 20tons Jan, Mar, May, Jul, Sep and Nov 9:00-11:30, 13:30-15:00 
Non-Agriculture   

  
    

Flat Glass FG 1yuan/ton 20tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 
Methanol MA 1yuan/ton 50tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00, 9:00-11:30 

(Last Trading Day) 
Ferrosilicon SF 2yuan/ton 5tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00, 9:00-11:30 

(Last Trading Day) 
Silicon Manganese SM 2yuan/ton 5tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00, 9:00-11:30 

(Last Trading Day) 
Pure Terephthalic 
Acid (PTA) 

TA 2yuan/ton 5tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00 

Thermal Coal (ZC) TC 0.2 yuan/ton 200tons Monthly contracts (12 contracts per year) 9:00-11:30, 13:30-15:00, 9:00-11:30 
(Last Trading Day) 

Source: SHFE, DCE, and ZCE websites. 
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Table 2.3 listed the contract information of futures products on these three commodity 

exchanges in China. As listed in the table, SHFE has 14 futures contracts, 16 products in DCE 

and 16 contracts in ZCE. The futures contracts in the SHFE are monthly contracts, and there 

are two trading sessions every day, 9:00-11:30 and 13:30-15:00. For the DCE, the majority of 

agricultural commodity futures have January, March, May, July, September and November 

contracts, while the industrial commodity futures contracts listed on DCE mainly have monthly 

contracts. The seven commodity futures contracts that have the night trading session, from 

21:00 to 23:30, Beijing time, including five agricultural commodity futures (No.1 soybean, 

No.2 soybean, soybean meal, soybean oil, and RBD Palm Olein), as well as two industrial 

commodity futures (coking coal and iron ore). Agricultural commodity futures listed on ZCE 

generally have January, March, May, July, September and November contracts, with two 

trading sessions per day (9:00-11:30 and 13:30-15:00). The non-agricultural commodity 

futures contracts have monthly contracts and two trading sessions per day.  

These commodity futures contracts are listed on commodity exchanges from different 

dates. From 2000, new futures contracts were listed almost every year. To give a clear overview, 

Table 2.4 lists the timeline of the launch times of existing futures contracts in China.  
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Table 2.4: Launch Time of Existing Futures Contracts in China 

Year SHFE DCE ZCE 
1992 Aluminium 

  

1993 Copper 
Natural Rubber 

  

2000 
 

Soybean Meal 
 

2002 
 

No.1 Soybean 
 

2003 
  

Wheat WH 
2004 Fuel Oil Corn 

No.2 Soybean 
Cotton No.1 

2006 
 

Soybean Oil White Sugar  
PTA  
Rapeseed Oil 

2007 Zinc LLDPE 
RBD Palm Olein 

 

2008 Gold 
 

Wheat PM 
2009 Steel Rebar 

Wire Rod 
PVC Early Rice 

2010 
   

2011 Lead Coke Methanol 
2012 Silver 

 
Rapeseed 
Rapeseed Meal 
Flat Glass 
Common Wheat* 

2013 Bitumen Blockboard 
Fiberboard 
Eggs 
Iron Ore 
Coking Coal 

Thermal coal  
Japonica Rice  
Late Indica Rice 

2014 Hot-rolled Coil PP 
Corn Starch 

Ferrosilicon Silicon 
Manganese 

2015 Nickel 
Tin 

  

Source: DCE, SHFE, ZCE website 
*Common wheat contract was launched to replace the hard white wheat contract  

Table 2.4 shows that aluminium, copper and rubber, the three futures contracts with the 

longest history in the Chinese commodity futures exchanges, are listed on the SHFE from the 

early 1990s. In addition, a large number of new contracts have been launched since 2012, 

including five futures contracts on SHFE, seven futures on DCE, and nine futures products on 

ZCE. Many of these new listed futures contracts were unique products available only at 

Chinese commodity futures exchanges. These frequent product innovations and expansions 

show the stunning development of Chinese futures markets. Figure 2.2 shows the trading 

volume and value of China’s futures market from 2001 to 2015. As can be seen from the graph, 
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the total trading value has increased dramatically over the past 15 years, especially in 2015, 

where the market has a record of 554.23 trillion in trading value and 3.578 billion contracts in 

trading volume, with an increase by 89.81% and 42.78%, respectively, compared with the 

figures in 2014.  

Figure 2.2: Trading Volume and Value of China’s Futures Market Between 2001 and 2015 

 

    Source: CFA & Shanghai Institute of Futures and Derivatives (SIFD)  

 

Figure 2.3 shows the trading volume and value of China’s futures exchange in 2015. 

Within the trading volume, SHFE had 1.050 billion contracts (29.36%), DCE had 1.116 billion 

contracts (32.20%) and ZCE had 1.07 billion contracts (29.91%). For the aggregate trading 

value of Chinese futures, the total trading value equals to 554.23 trillion Renminbi (RMB): 

SHFE with 63.56 trillion RMB (11.47%), DCE with 41.94 trillion RMB (7.57%) and ZCE with 

30.89 trillion RMB (5.59%).  
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Figure 2.3: Trading Volume and Value of China’s Futures Exchanges in 2015 

 

Source: CFA & SIFD  
Notes: Trading volume for exchange-traded futures is measured by the number of contracts traded on a round-
trip basis to avoid double counting  

 

In the global context, China continues to play a pivotal role in the global futures market. 

According to the FIA statistics, DCE, ZCE, and SHFE ranked 8th, 9th, and 10th, respectively, 

in the global commodity exchanges by trading volume between January and December of 2015.  

China’s commodity futures markets began in the early 1990s. With two decades of 

development, the three commodity futures exchanges have listed more than 40 futures contracts. 

As one of the most influential economies in the world, China strives to increase its power in 

setting commodity prices in the world market through development of its futures market. The 

following subsection reviews the development of commodity futures markets in India. 

2.4 The Development of Indian Commodity Futures Exchanges  

India has a long and rich history of futures trading in commodities that can be traced 

back thousands of years (Bhagwat, Maravi, Omre, & Chand, 2015). In 1875, the first organised 

futures market for cotton contracts was established by the Bombay Cotton Trade Association.  
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In ancient times, both underlying cash markets and commodity futures market were 

dispersed and fragmented. The commodity futures markets consisted of isolated regional 

commodity markets. However, after a century’s development, the commodity exchanges 

experienced significant expansion in terms of both size and trading of commodity items.  

At present, there are 6 national level commodity exchanges and 20 regional commodity 

exchanges in India, with 146 commodity items traded on these 26 operating commodity 

exchanges (Datta, 2010). According to the Forward Markets Commission (FMC), three major 

national commodity exchanges in India have experienced a dramatic increase in turnover 

during the past decade. The total turnover in commodity futures markets has increased from 

Rs. Cr 7764754.050 to Rs.Cr11 10144794.98 during the period of 2009 to 2014.12 In addition, 

these three Indian national multi-commodity exchanges are now all among the world’s largest.  

India’s modern, electronic commodity futures exchanges have provided technology-

centric, regulated platforms for commodity trading. These gradual evaluations and reforms of 

commodity markets in India have been of great significance for both the country’s general 

economic distribution and its linkages with financial sectors. The following subsection reviews 

the detail reforms and development of Indian commodity futures exchanges. 

2.4.1 Initial Stage  

As noted, forward trading in commodities existed in India from ancient times and the 

first modern futures market was established in 1875 for cotton contracts by the Bombay Cotton 

Trade Association. Several commodity futures exchanges were set up for different commodity 

trading in the early 1900s. For instance, wheat trading started in 1913 and the bullion futures 

                                                           
11 The unit for total turnover measure is in crore rupees  
12 Source: www.fmc.gov.in 

http://www.fmc.gov.in/
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was available for trading in 1920. Following this, many similar markets were established in 

different areas in India to facilitate trade in diverse commodities.  

After independence in 1947, the Forward Contracts (Regulation) Act was enacted in 

1952 to regulate the commodity trading in forward and futures contracts and the FCR rules 

were notified by the central government in 1954. The futures trade in spices was first organised 

by the India Pepper and Spices Trade Association (IPSTA) in Cochin in 1957. However, in 

order to monitor the price movements of several agricultural and essential commodities, futures 

trade was completely banned by the government in 1966. For the following three decades, the 

futures trading was at a standstill, till India began liberalizing its economy in 1991. In the post-

liberalisation period, even with the Kabra Committee’s recommendation not to allow futures 

trading in several agricultural commodities, the India government still lifted the ban on 

commodity futures trading in 2003. Parallel with this reopening of the commodity futures 

exchanges has been the gradual setting up of its regulatory framework, facilitating the 

development of commodity futures trading in India.  

2.4.2 Regulation Stage 

India has two distinct forms of commodity trading, Over-The-Counter (OTC) and the 

exchange-based market. The underlying spot markets are essentially OTC markets, with 

participants restricted to those who are involved in that particular commodity, such as farmers 

and wholesalers. Most of the derivatives trading takes place through the exchange-based 

markets with standardised contracts and settlements.  

The two main objectives of establishing the regulation framework are 1) to ensure that 

markets efficiently perform the two economic functions and 2) to maintain market integrity 

and financial integrity across the markets, the exchanges and the intermediaries. Currently, 
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there is a three-tier regulatory framework for trading in commodity market in India: the 

Ministry of Consumer Affairs, Food and Public Distribution, representing of the Government 

of India; the FMC, the regulatory authority for the commodity exchanges in India; and the 

registered commodity exchanges. Figure 2.4 shows the regulatory structure of Indian 

commodity derivatives markets. 

Figure 2.4: The Regulatory Structure of Indian Commodity Derivatives Markets 

 

Source: Datta (2010) 

The Ministry of Consumer Affairs, Food and Public Distribution, the department 

pertaining to consumer affairs, is responsible for the formulation of policies for monitoring 

prices, monitoring consumer movement in the country, and controlling the statutory bodies. 

The FMC came into existence in 1953 under the provision of Forward Contract (Regulation) 

Act (FCR Act), 1952. It functions as a statutory body under the administrative control of the 

Ministry of Consumer Affairs. The administration headquarters of FMC is at Mumbai, with 

the regional office at Kolkata. The FMC performs four roles: approving the rules and 

regulations of the exchange in accordance to which trading is to be conducted, according 
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permission for commencement of trading in different contracts, monitoring market conditions 

continuously and taking remedial measures wherever necessary (Bhardwaj, Gorton, & 

Rouwenhorst, 2015). The commodity exchange, a place where trading of commodities takes 

place, works under the provisions of the FMC. 

In India, the commodity and derivative exchanges are separated into national and 

regional exchanges. In the period 2002-2003, the Indian government first established three 

national-level multi commodity exchanges, namely the National Multi-Commodity Exchange 

of India Limited (NMCE), the National Commodity and Derivatives Exchange Limited 

(NCDEX) and the MCX. The Indian Commodity Exchange Limited (ICEX), established in 

2009, has become the 4th National Exchange. The Ace Derivatives and Commodity Exchange 

Limited (ACE), 2010, and the Universal Commodity Exchange (UCX), 2012, have become the 

5th and 6th national exchanges, respectively. Currently, there are 26 exchanges operating in 

India, with more than 140 listed commodities. The following subsection reviews the 6 national 

commodity exchanges and the trading activities in these exchanges. 

2.4.3 Commodity Exchanges and Trading Activities 

Commodity markets in India have a huge potential since the Indian economy is 

conventionally an agricultural based economy. The gradual evolution of commodity markets 

in India has been of great significance for both the country’s general economic prosperity and 

the financial sector in particular. Although 26 commodity exchanges exist in India, more than 

90% of the commodity trading is concentrated in the national level commodity exchanges. 

Table 2.5 provides a summary of the commodity futures exchanges in India and the commodity 

futures traded on the different exchanges.  



Chapter 2 Institutional Background  

55 
 

Table 2.5: Commodity Futures Exchanges in India 
Year Name Commodity Futures Trading 

2002 NMCE established The government allow reintroduction of 
commodity futures in India 

2003 NCDEX and MCX established 
NCDEX and MCX established for futures 
trading in agricultural and non-agricultural 
commodities. 

2009 ICEX established. ICEX as 4th 
National Exchange 

ICEX established in 2009 for futures 
trading in bullions, base metals, energy and 
agricultural commodities. 

2010 ACE established. It is the 5th National 
Exchange 

ACE established in 2010 for futures 
trading in Oil and Oilseeds, Pulses, Guar 
Gum, Sugar and in Fiber. 

2012 UCX established. UCX as 6th National 
Exchanges 

UCX established in 2012 for futures 
trading in Gold, Silver, Crude oil, Chana, 
Rubber, Mustard seeds & Oil, refined Soya 
oil and Turmeric. 

 

The six different national commodity exchanges in India are MCX, NCDEX, NMCE, 

ICEX, ACE, and UCX. The MCX, incorporated on 10 November 2003, is India’s No.1 

commodity exchange. Based in Mumbai, MCX is an independent Indian commodity exchange. 

The NCDEX, incorporated as a public limited company under the Company Act 1956 on 23 

April 2003, was the first exchange to be granted permanent recognition by the government. 

NMCE is the India’s 3rd largest commodity exchange. It commenced futures trading 24 

commodities on 26 November 2002. As of now, it offers futures trading in 67 commodities, 

such as agricultural commodities, metals, spices, and pluses. It was promoted by public 

agencies and a group of Indian commodity-based corporations such as Punjab National Bank 

(PNB), National Agricultural Cooperative Marketing Federation of India (NAFED), Central 

Warehousing Corporation (CWC), Gujarat Agro-Industries Corporation Ltd (GAICL), Gujarat 

State Agricultural Marketing Board (GSAMB), National Institute of Agricultural Marketing 

(NIAM) and Neptune Overseas Ltd (NOL).  

The 4th National online derivative exchange of India, ICEX, incorporated in 2009, has 

a transparent, time-tested and reliable trading platform. The ICEX headquarters are located in 

Mumbai; many regional offices across the country cover the agricultural region with the 



Chapter 2 Institutional Background  

56 
 

objective of encouraging farmers, traders and actual user participation to hedge their position 

against extensive price fluctuations. ICEX is promoted by its partners, India Bulls Financial 

Services Ltd., Reliance Exchange Next Infrastructure Limited, MMTC Limited, Krishak 

Bharati Cooperative (KRIBHCO), Indian Potash Ltd., and Infrastructure Development Finance 

Company (IDFC) among others. It deals with the commodity trading of bullions, base metals, 

energy and agricultural commodities.  

The Ace Derivatives Exchange, set up in 2010, is now the 5th National Commodity 

Exchange of India. It has a registered office at Ahmadabad and a corporate office at Mumbai. 

ACE, promoted by Kotak Mahindra Group, The Haryana State Cooperative Supply & 

Marketing Federation Ltd (HAFED), is an apex State Co-operative and has the sponsorship of 

the Government of Haryana (India), the Bank of Baroda, the Corporation Bank and the Union 

Bank of India. It facilitates trading in oil and oilseeds, pluses, guar gum, sugar and fiber. It also 

helps in the process of trade intermediation, including registration of trades, contract 

settlements and the mitigation of counter party risk, along with a robust clearing and settlement 

infrastructure.  

The Universal Commodity Exchange Limited, set up in 2012, is India’s 6th National 

Commodity Exchange. UCX is promoted by institutions such as the Industrial Development 

Bank of India (IDBI Bank), Indian Farmers Fertiliser Cooperative Limited (IFFCO), National 

Bank for Agricultural and Rural Development (NABARD), Rural Electrification Corporation 

Limited (REC), and Commex Technology. The Exchange facilitates futures trading in gold, 

silver, crude oil, chana, rubber, mustard seed, soya bean, refined soya oil and turmeric.  
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In terms of total number of contracts traded, MCX is the world’s largest commodity 

futures exchange in gold and silver, second largest in natural gas and third in crude oil. These 

top four commodities (gold, silver, copper and crude oil) form 85% of MCX’s total trading 

business. The following Table 2.6 presents the listed commodity contracts in MCX. NCDEX. 

Table 2.6: Listed Commodity Contracts Available on MCX and NCDEX 
MCX NCDEX 

List of Commodities 
available for 
Trading on MCX 

List of Commodity 
Contracts Available 
for Trading on MCX 

List of Commodities 
available for 
Trading on NCDEX 

List of Commodity 
Contracts Available 
for Trading on 
MCX 

Aluminium Aluminium Mini 

Cereals and Pulses 

Bajra (Pearl Millet) 
Aluminium Barley (Wheat) 

Cardamom Cardamom Chana (Chickpeas) 
Castor Seed Castor Seed Chana 1 MT/2 MT 

Copper Copper Maize Kharif 
Copper Mini Maize Rabi 

Cotton Cotton Wheat 

Crude Oil 
Brent Crude Oil 

Fibres 
V-797 kapas (Cotton) 

Crude Oil Shankar kapas 
Crude Oil Mini 29 mm Cotton 

Crude Palm Oil Crude Palm Oil 
Guar Complex 

Guar Seed 2MT 

Gold 

Gold Guar Seed 10 MT 
Gold Guinea Guar Gum 
Gold Mini Plantation Products Rubber 
Gold Petal Others Potato 
Gold Petal Delhi 

Oil and Oil seeds 

Castor Seed 

Lead Lead Cotton Seed oilcake 
Lead Mini Soy Bean 

Menthaoil Mentha Oil Degummed Soy Oil 
Natural Gas Natural Gas Refined Soy Oil 

Nickel 
Nickel Mustard Seed 
Nickel Mini Rapeseed Mustard 

Seed OilCake 
RBD Palmolein RBD Palmolein Crude Palm Oil 

Silver 

Silver Soymeal 
Silver 1000 

Soft 
Sugar M 

Sliver Mini Sugar S 
Sliver Micro Gur 

Zinc Zinc 

Spices 

Pepper 
Zinc Mini Turmeric 

  
Jeera   
Chilli   
Coriander 

 

Source: MCX & NCDEX Websites: https://www.mcxindia.com/products; https://www.ncdex.com/index.aspx 
 

https://www.mcxindia.com/products
https://www.ncdex.com/index.aspx
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Over the years, the composition of trading has dramatically changed in the Indian 

futures markets. For instance, agricultural commodities constituted 69% of the total value of 

trade in 2005, with bullion and metals making up the rest. In 2012-2013, bullion and metals 

occupied 65% of the commodity trading and agricultural commodity trading only contained 

13%. Figure 2.5 shows the share of the major group of commodities traded during 2012-2013.  

Figure 2.5: Share of the Major Group of Commodities Traded during 2012-13 

 
                Source: Forward Market Commission, Govt. of India, Ministry of Finance,  
               Department of Economic Affairs. Retrieved from http://www.fmc.gov.in/reports/ 

 

To sum up, India’s long history of derivatives trading in commodities came to a 

standstill from 1966 until its liberalisation in 1991. After the launch a series of regulations and 

market reforms, the Indian commodity derivatives market was rationalised in 2003 and futures 

contracts trading has increased dramatically during recent decades. The six national commodity 

exchanges, the major commodity trading platform in India, contains more than 90% of India’s 

commodity trading. Several commodity futures contracts in these exchanges have also become 

leading contracts in the global context. 

http://www.fmc.gov.in/reports/
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2.5 Conclusion  

This chapter provides the background information for this research. It firstly reviews 

commodities and commodity exchanges. The major functions of futures contracts are price risk 

management and price discovery. Futures markets provide liquidity and facilities to hedge 

against futures price risk. It helps sellers and buyers to quickly manage their trade at a fair price. 

The price discovery function is a continuous process of arriving at a price at which buyers and 

sellers trade futures contracts in a commodity exchange. In this process, all available market 

information is continuously transmitted into the futures price, providing an indicator of supply 

and demand.  

Although numerous empirical studies have examined the role that commodity futures 

exchanges have played in price discovery and risk management in the developed market, 

studies based on such developing market data is limited. One reason for this is the 

underdevelopment of commodity futures in the developing markets. However, over the recent 

decade, commodity futures exchanges in emerging markets have experienced enormous 

development. Several emerging commodity futures markets, in particular China and India, are 

ranked the top exchanges in the world.  

The Chinese commodity futures market began in the early 1990s. After two decades of 

development, there are now three commodity futures exchanges and more than 40 listed futures 

contracts. Although India has a long history of derivative trading, futures trading was banned 

until the liberalisation in 1991. The commodity derivatives markets were rationalised in 2003; 

now there are 6 national commodity exchanges, and more than 60 commodities have futures 

trading.  
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Figure 2.6 shows that China and India were the world’s top-ranked commodity 

derivatives market by trading volume. The commodity futures contracts traded in Chinese and 

Indian market occupied 27.33% of the total trading volume of the top 20 commodity exchanges. 

This further confirmed the significant positions that Chinese and Indian commodity exchanges 

play in the global context.  

Figure 2.6: Top 20 Global Derivatives Exchanges Overview, 2016 

 
Notes: Global Top 20 Exchanges, based on number of contracts. There are two exchanges from the Indian 
markets: National Stock Exchange of India (NSEI) and MCX. Three commodity futures exchanges from China: 
DCE, SHFE and ZCE.    

Source: FIA Annual Volume Survey 2017 
 

In this research, Chinese and Indian commodity futures exchanges are viewed as being 

representative of worldwide emerging commodity futures. The use of data from these two 

countries is justified by their importance in the global commodity futures markets. The findings 

from this research will have general implications for similar emerging markets. In the following 

chapter, the author provides a review of the literature that has motivated this research, and will 

frame the research questions, develop the hypotheses and select the most appropriate 

approaches for the three inter-related studies.  
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Chapter 3  

Literature Review 

3.1 Introduction  

The purpose of this thesis is to investigate the impact of globalization and 

financialization on commodities futures in emerging markets. The primary questions: “What 

are the impacts of globalization and financialization of commodity futures in the emerging 

markets?” is examined from two main perspectives, pricing mechanisms and portfolio 

diversifications. In theory, commodity futures are derivative securities as their prices are 

dependent on the values of their underlying assets. However, this argument has been challenged: 

empirical evidence has shown that commodity futures may not adjust information at the same 

time as their underlying spot markets. Because of the lower cost and higher leverage offered 

by commodity futures, investors prefer to trade in futures markets before they enter into the 

physical commodity markets.  

The globalization of many industrial and agricultural commodities has exposed market 

participants to information frictions regarding the supply, demand and inventory of these 

commodities around the world, especially in emerging economies. Commodity futures markets 

in emerging economies, which have shown rapid growth in recent years, have started to play 

an important role in the global context. Along with the financialization process of commodities, 

the pricing mechanisms may have been influenced by both traditional supply and demand 

factors and some additional factors. Although commodity futures exchanges in emerging 

markets are new, compared to the commodity futures exchanges in developed markets, 
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commodity futures prices are relatively more volatile due to their thin trading liquidity and 

unique market characteristics.  

This research is motivated by the shift in the pricing mechanism from a purely domestic 

context, to include international factors; this shift may have resulted from the financialization 

of the commodity markets and the integration of economies as an ongoing globalization process. 

Thus, it is worth investigating the literature relating to the pricing mechanism of emerging 

commodity futures, in which the pricing mechanisms are seen to have arisen from two main 

aspects: price changes and price volatility. Under this rational, this chapter reviews literature 

that examines 1) the linkage between commodity futures and their underlying spot markets, 2) 

the linkage of similar commodity futures within different countries, and 3) the determinants of 

the volatility of commodity futures in the selected emerging markets. 

The rising importance of commodity futures in emerging markets has made them an 

important alternative investment asset class. As a result, there is an urgent need for these 

investors to understand the nature of commodity futures. If these commodity futures are 

alternative to their underlying commodities regardless of various investment environments, US 

investors can be better off by investing in commodity futures, thanks to their cost-effectiveness. 

Thus, this chapter also reviews literature that relates to the portfolio diversifications by using 

commodity futures. 

To understand the theoretical framework and answer the research questions posed in 

this thesis, the thorough review in this chapter of the relevant literature is essential. The chapter 

is divided into five main sections. Section 3.2 outlines the theoretical framework of the research. 

Section 3.3 discusses the impact of financialization on commodity markets: this is the driving 

force of the research. Section 3.4 reviews the literature that relates to the linkages among 

futures markets and spot markets, to support study 1 (Chapter 4). Section 3.5 discusses the 
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determinants of the volatility of commodity futures, which serves study 2 (Chapter 5). Section 

3.6 focuses on the commodities and portfolio investments, which is related to study 3 (Chapter 

6). Section 3.7 concludes the literature review and identifies research gaps.  

3.2 Theoretical Frameworks  

There are two main participants in the futures market: hedgers and speculators. 

Correspondingly, futures markets generally have two important functions, price risk 

management (hedging) and price discovery (speculation) (Evans, 1978; Johnson, 1960; Silber, 

1981; Working, 1962). Risk management is the transfer of price risk from hedgers to traders. 

In particular, hedgers take equal but opposite positions in futures markets to manage the price 

risk in the existing spot market. Price discovery, a continuous process of arriving at a price 

from the information prevailing in the market is considered to be the major function of futures 

trading (Working, 1948). Through the information transmitted into futures prices, it provides a 

dynamic barometer of supply and demand status (Easwaran & Ramasundaram, 2008). The 

information flow between spot and futures markets facilitates the price fixation of commodities 

through mutual understanding between buyer and seller, the price to be paid at a predetermined 

future time. 

Two theoretical framework, the EMH and the LOP, as well as the spot-futures parity, 

form the foundation for information transmission. Although two out these three theories come 

from the asset pricing literature that discusses market efficiency and information transmission, 

they are still relevant to commodity futures. 

Fama’s (1970) EMH, the cornerstone of mainstream theory in finance, has transformed 

the view of capital markets in general. This theoretical construct that the EMH provided is 

against the ideas posed in this thesis. The EMH argues that asset prices accurately reflect all 
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available information and the market instantaneously responds to any new information 

reflecting them in the price. If markets are informationally efficient, the equilibrium value of 

securities should be consistent with the available information on these securities, and as a result, 

no participants can profit from currently available information. When new information arrives, 

prices adjust for new information immediately. Furthermore, price changes should follow a 

random walk, so the past movement or trend of securities price or market cannot be used to 

predict its future movements.  

Testing commodity market efficiency has a long history; however, the results are mixed 

(Kristoufek & Vosvrda, 2014). Early work done by Roll (1972), Gjølberg (1985), Panas (1991) 

and Herbert and Kreil (1996) finds that commodity markets are inefficient in terms of 

information transmission. However, commodity markets are becoming more efficient over 

time (Tabak & Cajueiro, 2007; Y. Wang & Liu, 2010; Y. Wang, Wei, & Wu, 2011). These 

violations of the EMH require re-examination of information transmission in the commodity 

markets, especially in the less explored emerging markets. 

Another theoretical foundation is the LOP. The term “law of one price” has been widely 

used to refer to the convergence of any two similar or interrelated markets. The LOP is also 

commonly used in finance literature, in the context of prices of identical assets or fully 

integrated and efficient international markets. The LOP states that, under the fully integrated 

and efficient international markets, prices of identical assets should be the same at any time, in 

the sense that the two securities have the same stream of futures cash flows and the same 

fundamental risk (Vataja, 2000). If the price of a security, commodity or asset is different in 

two distinct markets, then speculators can purchase the asset in the cheaper market and sell it 

where prices are higher.  
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Commodity market integration refers to the situation in which a commodity from one 

market can and does enter another market (Barrett, 2001; Krugman, Cooper, & Srinivasan, 

1995; Miljkovic, 2009). Ultimate market integration is achieved when the LOP bridges two or 

more markets, that is, prices equalise across the markets (Ghemawat, 2002). Arbitrage forces 

prices back to the long-run equilibrium when they diverge form it (Ghoshray, 2007).  

The LOP can be applied into two different contexts in the commodity markets: the 

commodity futures and their underlying commodity markets; and the same commodity in 

different countries. If the LOP holds, the commodity futures and their underlying commodity 

prices should have identical prices after all adjustments. In the international commodity 

markets, if the LOP holds, the price of the same type of commodity should present the same 

price after considering exchange rates and no arbitrage opportunity should exist. In the long-

run, prices should be in equilibrium; however, prices may deviate from the equilibrium in a 

short-run (Alam, Buysse, McKenzie, Wailes, & Van Huylenbroeck, 2010). As discussed in 

Chapters 1 and 2, the emerging commodity markets have played an important role in the global 

commodity exchanges; therefore, their relations with commodity exchanges in other countries 

become critical. Chapter 4 explores both these EMH and the LOP aspects of the information 

transmissions of emerging commodity markets. It examines in detail the long-run/short-run 

relationships of commodities futures between the domestic and international markets, as well 

as commodity and commodity futures within the same country will be examined.  

The last theory that drives this thesis, the spot-future parity, is derived from the LOP. 

This theory implies that the value of a futures contract should equal the current spot price, 

adjusted for the cost of money, dividends, convenience yield and any carrying costs, such as 

storage. However, the spot-futures parity condition does not mean that prices must be equal. If 

investors can purchase a commodity at spot price “S” and sell it later at a futures price “F”, 
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with a greater difference, then these investors have an arbitrage opportunity. In this case, the 

theoretical equilibrium relationship between spot and futures prices is a long-run rather than a 

short-run.  

3.3 Financialization of Commodities  

Traditionally, commodities were not considered as a good investable asset due to the 

high transportation and storage costs of directly holding physical commodities, as well as the 

high volatility.  Rather than investing in physical commodities, investors have turned their 

attention to futures instruments to gain commodity exposure. Investors can choose a number 

of vehicles for commodity investments, such as ETFs, mutual funds, derivatives contracts, 

commodity trading advisers (CTAs), commodity-based company stocks and commodity index 

(Jensen & Mercer, 2011). All these types of commodity trading are related to financialization 

of commodity markets, which refers to converting the physical commodities into financial 

assets, commodity futures.  

There are two important characteristics of financialised commodities. First, the 

financialised commodities are not settled physically, but they are settled financially. Second, 

commodities are more often used as part of portfolio investment (Rejmus & Smolík, 2014). 

Through financialization, Cheng and Xiong (2014) suggest that the financialization process has 

transformed the risk sharing and information discovery of commodity markets.  

In the past decade, the price of many commodities has experienced a large increase, 

although there was significant setback during the GFC period. Tang and Xiong (2012) suggest 

that, in addition to fundamental supply and demand factors, trading in financial markets may 

have played a significant role in contributing to the increase in level and volatility of some 

commodity prices in the post-GFC period. This may be because financial markets provide a 



Chapter 3 Literature Review  

67 
 

useful complement to physical commodity markets. The futures market allows consumers and 

producers to hedge their exposure to movements in commodity prices. These markets exist 

precisely because prices can be volatile, and allow uncertainty about futures price movements 

to be managed (Singleton, 2013). These financial investments also provide additional liquidity 

to these markets, and can improve price discovery. 

Along with the increased financial trading in commodity markets, commodity futures 

have become a popular asset class for investors (Cheng & Xiong, 2014). Commodity futures 

are a type of financial asset; however, they are different from stocks, bonds and other 

conventional assets. Conventional financial assets such as bonds and equities are always 

considered as company liabilities that can raise external resources for the company. The prices 

of these liabilities are the lump sum of the present value of expected future cash flows. Investors 

are compensated for the risk of cash flow fluctuations, and this risk is reflected in the interest 

rate, which is used for discounting the cash flows. Thus, long-term expectations and interest 

rates are critical components for pricing financial assets.   

Commodity futures are unique in several ways: 1) they do not raise resources for 

companies to expand their business; 2) they represent the expectation for future spot prices; 3) 

they are considered by investors to be insurance for the future value of the specific commodity. 

As a result, commodity investors earn returns for bearing short-term uncertainty in commodity 

prices. In some sense, values of conventional financial assets are forward-looking, whereas 

commodity prices rely more on the contemporary economic conditions. For example, during a 

recession period, the short-term expectation of the economy’s growth is negative. Commodity 

prices will decline to reflect the low demand for raw inputs. However, long-term earnings 

expectations present an inverse relationship with interest rate movements. In this case, 

commodities always present varied reactions to different parts of the business cycle. Therefore, 



Chapter 3 Literature Review  

68 
 

commodity futures are widely accepted as a distinct asset class, which has a very low 

correlation with other asset classes. How commodity futures responses to economic condition 

changes, however, remains to be further examined. 

Futures contracts provide two main advantages compared to underlying spot prices: 

they are standardised and available at a higher sampling frequency; and they are often used as 

an efficient hedging tool (Brorsen, Von Bailey, & Richardson, 1984; Yang & Leatham, 1999). 

As a result, this research uses futures contracts for analysis.  

Commodity futures exchanges have experienced a dramatic growth in terms of volumes 

and variety of traded contracts. The increased interest in commodity derivative trading is 

reflected in recent academic literature. The large commodity price swings observed over the 

past years, especially during the 2006-2009 period, triggered even higher interest in the subject. 

Subsequently, this raised questions regarding which drivers were responsible for these patterns. 

Over the past few years, researchers’ and market specialists’ responses to these concerns have 

produced a rich body of literature resulting. Most of the literature is focused more on price 

levels than on price volatility. Nonetheless, a comprehensive discussion requires a careful 

distinction between drivers of price levels and drivers of price volatility (Brümmer, Korn, 

Schlüßler, Jaghdani, & Saucedo, 2013). Various studies focus on the dynamics of commodity 

volatility but fail to establish a causal relation between volatility and its drivers. This research 

examines the pricing mechanism from both price changes and price volatility perspectives. The 

next subsection reviews the literature that investigates the linkage between commodity futures 

markets and spot markets. 
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3.4 Linkages among Commodity Futures Markets and Spot Markets  

The lead–lag relationship between futures and spot market exists mainly due to the 

difference in the speed at which new information is incorporated into prices on spot and futures 

markets. Investors prefer to trade on futures market before they enter into spot markets, as 

futures markets allow investors to shift portfolio risk more quickly and more cost effectively.  

The relationship between spot and futures prices has been long debated. Studies that 

deal with the lead–lag relationship between spot and futures prices of commodities have the 

objective of investigating the issue of market efficiency. There are two ways to classify 

research around this area. Based on the market type, the available literature can be divided into 

two groups: developed market literature and emerging market evidence. Many papers have 

been written about the developed markets, while the literature for developing markets is still 

emerging. The other way to divide the research is based on types of futures. One stream 

examines the relationship between index futures and the underlying cash market. The other 

stream of studies investigates the relationship between commodity futures and the spot prices. 

The following subsections will review the literature based on these categories.  

3.4.1 Developed Markets Literature 

According to these classifications, the review of the developed market literature can be 

divided into two streams. One stream of studies focuses mainly on examining the relationship 

between commodity futures and the underlying spot markets. The other stream of studies 

investigates the relationship between index futures and the underlying stock market. 

A number of authors focus on examining the relationship between spot and futures in 

metal markets. For example, S. Gupta and Mayer (1981) use autoregressive integrated moving 

average (ARIMA) models and the mean squared error to compare the forecasts from the 
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estimated models to examine whether the selected five commodity markets (copper, tin, sugar, 

cocoa, and coffee) are a semi-strong form of efficiency. Their results fail to reject the 

hypothesis that the futures markets for copper and tin are semi-strong-form efficient.  

A series of studies have been undertaken to examine the efficiency of metal 

commodities at the London Metal Exchange (LME). Goss (1981) employs the Ordinary Least 

Square (OLS) regression and instrumental variable estimates to examine whether the futures 

prices are a leading indicator of subsequent spot prices for copper, lead, tin and zinc at the LME 

in the period of 1971 to 1978. The results show unqualified support for efficiency in the tin 

market, and tentative support for the existence of efficiency in the copper and zinc market. 

However, lead market does not provide support for the efficiency hypothesis. This study is 

revised by Goss in 1985. After introducing joint tests and extending the sample period to 1966-

1984, the results indicate that at the 5% level of significance, the revised version of the efficient 

market hypothesis is rejected for copper and zinc, but cannot be rejected for tin and lead (Goss, 

1985). Goss (1983) also examines the semi-strong form sense for copper, tin, lead and zinc at 

the LME for the period of 1971 to 1979. The results support the view that none of these markets 

is efficient in the semi-strong form sense.  

Following Goss’s work, Gross (1988) further conducts a semi-strong form test of the 

efficiency in the copper and aluminium at the LME. According to the “mean squared error” 

criterion, the results show that the hypothesis of an efficient copper and aluminium market 

cannot be rejected. Futures markets provide some information in forecasting future cash prices. 

However, these early works employ a traditional hypothesis-testing procedure only, and fail to 

examine the stationarity of the price series employed in the studies.  
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Time series data has the problem of nonstationarity, which affects the accuracy of 

efficiency tests results. To deal with the nonstationarity of the data, Chowdhury (1991) 

reinvestigates the futures market efficiency by conducting the cointegration tests over the 

period of 1971 to 1988. The empirical results indicate the rejection of the efficient market 

hypothesis for these four metals traded at the LME.  

Some efficiency tests have been done in research on commodities other than metal. For 

example, several studies have dealt with the lead–lag relationship between spot and futures 

commodity prices in oil markets. An early study conducted by Bopp and Sitzer (1987) tested 

the hypothesis that futures prices are a good predictor of spot prices in the heating oil market. 

Using cointegration techniques, Serletis and Banack (1990), Crowder and Hamed (1993), 

Schwarz and Szakmary (1994), Silvapulle and Moosa (1999) and Bekiros and Diks (2008) all 

examine the price discovery and market efficiency of oil futures in the US market.  

The relationship between agricultural commodities futures and underlying spot prices 

is investigated in much of the literature. Aulton, Ennew, and Rayner (1997) investigate the 

market efficiency in relation to three agricultural commodities in the United Kingdom (UK) 

futures markets using a cointegration methodology. Their results suggest efficiency and 

unbiasedness in relation to wheat, some inefficiency but unbiasedness in relation to pigment, 

and some inefficiencies and bias in relation to potatoes. McKenzie and Holt (2002) examine 

the market efficiency and unbiasedness in four agricultural futures in the US, which are live 

cattle, hogs, corn and soybean meal. Cointegration and error correction models with the 

generalised-quadratic ARCH (GQARCH) in-mean framework are employed for the analysis. 

The findings indicate that, although cattle, hogs and corn futures markets exhibit short-run 

inefficiencies and pricing biases, all markets are unbiased in the long run.  
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Within the framework of the recent global food balance crisis, increasing concerns have 

been raised about the possible role of futures and the price discovery function of some 

agricultural commodities. Some recent studies shed light on the time dynamics of the 

relationship and on causality linkages in the US market. Hernandez and Torero (2010) 

investigate the dynamic relationship between spot and futures prices of agricultural 

commodities in the US markets. The Granger causality tests on corn, soybean and wheat 

empirically uncover the direction of information flows between spot and futures prices. The 

results indicate that changes in futures prices lead to changes in spot prices in general. This 

result is important for the implications for alternative instruments recommended to address 

disproportionate volatility in grain markets after the recent food crisis. Moreover, using weekly 

spot and futures data, Baldi et al. (2011) apply the cointegration methodology to investigate 

the long-run relationship between spot and futures prices for corn and soybeans. Results 

indicate that over the period of January 2004 to September 2010, futures markets reacted more 

quickly to new or unexpected information than the underlying spot markets. In addition, the 

results also show that changes in supply and demand fundamentals are important in explaining 

the recent drastic increase in food prices.  

The first index futures contract was introduced in 1982. The literature that examines 

the relationship between index futures and spot market prices is mainly focused on the intraday 

transactions. For developed markets, most of the papers were written in the 1980’s and the 90’s. 

The first paper about the lead–lag relationship between spot and futures markets was written 

by Kawaller, Koch, and Koch (1987). Their work aims at examining the intraday price 

relationship between S&P500 futures contracts and the S&P 500 index, by using three-stage 

least-squares regression. The results indicate that the futures price consistently leads the index 

by twenty to forty-five minutes. However, index movements do not cause futures to move. 
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Later on, by examining the Value Line Index and the S&P500 Index, with the 

corresponding futures contracts, Herbst, McCormack, and West (1987) find that futures prices 

lead spot prices, but spot prices adjust very quickly to the changes in futures prices. Using 5-

minute intraday returns, Stoll and Whaley (1990) find that the S&P 500 and the Major Market 

(MM) index futures returns tend to lead stock market returns by about five minutes on average. 

Kutner and Sweeney (1991) also examine the causality relationship between the S&P500 index 

cash and futures markets, by using the intraday transactions over the period of August to 

December 1987. Their findings show a strong causal relationship, with the futures market 

leading the cash market. However, these findings may be invalid due to the nonsynchronous 

trading. Consistent with previous studies, Chan (1992) conducts a further study that examines 

the lead-lag relationship between returns of MM cash index and returns of the MM index 

futures and the S&P 500 futures. Strong evidence shows that the futures market leads the cash 

index. In addition, when the market-wide information is released, the futures show stronger 

predictive power to the cash market. This suggests that the futures market is the main source 

of market-wide information.  

The relationship investigated on the US market is also evident in other developed 

markets. Tang, Mak, and Choi (1992) investigate the relationship between Hang Sang index 

futures and the underlying Hang Sang index in Hong Kong by using Granger causality test 

operational tests. The results indicate that futures prices cause cash index prices to change pre-

crash period and a bi-directional causality exists between the two variables in the post-crash 

period. Tse (1995) examines the lead–lag relationship between the spot index and futures price 

of the Nikkei Stock Average. The findings show that lagged changes in the futures price affect 

the short-term adjustment in the spot index, but not vice versa. Shyy, Vijayraghavan, and Scott-

Quinn (1996) investigate the lead–lag relationship between Cotation Assistée en Continu (CAC) 

futures traded on Matif and CAC cash index traded on the Paris Bourse. By using the minute 
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by minute mid-quote point of bid/ask prices and the error-correction model, the results show 

that futures prices lead index prices. Nieto, Fernández, and Muñoz (1998) employ the Johansen 

cointegration methodology to analyse the Granger causality relationship between the daily 

Spanish stock index and its futures prices. The results show that the futures prices lead spot 

prices in a short-run. In the long run, spot causes futures prices to move.  

3.4.2 Developing Markets Literature 

Compared to developed market studies, the literature for developing markets is sparse. 

The literature that investigates the lead–lag relationship between cash and futures market in the 

emerging markets focused on the metal and agricultural commodities. Wang and Ke (2005) 

examine the efficiency of the Chinese wheat and soybean futures markets. By utilising 

Johansen cointegration approach, the results suggest a long-run equilibrium relationship 

between the futures price and the cash price for soybeans and a weak short-term efficiency in 

the soybean futures market. However, due to over-speculation and government intervention, 

the futures market for wheat is inefficient (Wang & Ke, 2005). Ali and Bardhan Gupta (2011) 

conduct a study similar to that of Wang and Ke (2005), investigating the efficiency of 

agricultural commodity futures markets in India. The study uses the daily closing futures prices 

for 12 major agricultural commodities from the NCDEX: wheat, rice, maize, chickpea, black 

lentil, red lentil, guar seed, pepper, cashew, castor seed, soybean and sugar. The cointegration 

exists significantly in futures and spot prices for all selected agricultural commodities except 

for wheat and rice.  

Studies examining the relationship between futures and cash markets in the developing 

markets started in the 1990s. Min and Najand (1999) employ the intraday data to investigate 

the lead–lag relationship in returns and volatility between cash and futures market in Korea. 

The findings show that the futures market leads the cash market by 30 minutes. The result is 



Chapter 3 Literature Review  

75 
 

consistent with previous studies for the US and other countries’ futures markets. However, with 

regard to volatility interaction between spot and futures markets, a bi-directional causality is 

more prevalent between cash and futures markets. Bose (2007) examines the information and 

price discovery role of the Indian Stock Index Futures market for the stock market. The results 

using the futures prices for the S&P CNX Nifty Index, traded on the National Stock Exchange 

of India, show that the significant information flows from the futures to the spot market and 

futures prices have predictive power for the spot prices. However, there is bi-directional flow 

of information in the long-run.  

More recently, Kavussanos, Visvikis, and Alexakis (2008) investigate the lead–lag 

relationship between the futures and spot market in Greece. By utilising the daily returns for 

FTSE/ATHEX-20 and FTSE/ATHEX Mid-40 stock index futures and underlying cash indexes, 

their empirical results show that there is a bi-directional relationship between futures and cash 

prices. However, futures lead the cash index returns by responding more rapidly to news than 

the stock prices do. In addition, Pok (2007) investigates the price discovery role of futures 

trading on the spot market by using three distinct sub-periods, pre-crisis, crisis, and after capital 

control. The Johansen, Vector Error Correction Model (VECM) and Granger causality tests 

were employed for the analysis. The findings show that no significant long-run relationship 

exists, but futures lead spot index in a short run. Moreover, the futures’ lead is shorter in the 

pre-crisis and crisis periods, where foreign institutional investors dominate the market. In line 

with the study of Pok (2007), Zakaria and Shamsuddin (2012) examine the relationship 

between the stock futures index and the cash price index, based on the daily data of the 

Malaysian stock market by using the cointegration and the Granger causality regression. The 

results from the cointegration test show that there is a long-run relationship between cash and 

futures price indexes; the results from the Granger causality test found a unidirectional linkage 

from cash to futures markets. These results suggests that in an emerging market such as 
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Malaysia, where the futures market is less active compared to the cash market, the cash market 

reflects the new information faster than the futures markets. Therefore, the spot market plays a 

more important role in price discovery than the futures market. 

Extending previous studies, Mahalik, Acharya, and Babu (2009) examine the price 

discovery and volatility spillover in futures and spot commodity markets in India. However, 

instead of using the specific commodities, they employ the four futures and spot indexes of 

MCX. The methodologies used for their study include the Johansen (1991) cointegration test, 

the VECM model and the bivariate Exponential Generalise Autoregressive Conditional 

Heteroskedastic (EGARCH) model. The study presents mixed results in relation to different 

indexes. VECM shows that commodity futures markets of the agricultural futures price index, 

the energy future price index and the aggregate commodity index present a price discovery role 

in the spot markets. The results for volatility spillover show that volatilities of the energy 

futures index and the aggregate commodity index can predict underlying spot volatilities. 

However, the volatility in the agricultural commodity index acts as a source of volatility 

towards the agricultural futures market. The next section presents the main studies undertaken 

in the area of volatility determinants. 

3.5 Determinants of Volatility 

Under the impact of globalization, many developing and emerging economies have 

steadily become more integrated into the world economy. International trade, in both 

manufacturing and commodities, has become substantially more important to most of these 

economies. Prior to globalization, commodity prices may have been determined in the local 

context. With globalization, prices may be determined in a world-wide context because of the 

withdrawal of direct and indirect barriers. This change in relationship between input costs and 
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output prices requires checking to see if prices of commodities in emerging markets are 

determined by local or global factors.  

Examining the determinants of volatility has been a popular topic in financial 

economics literature. A number of models have been used to predict volatility based on time 

series information, but models that include economic variables are relatively hard to find. 

However, it is a widely accepted fact that volatility is highly linked to economic conditions and 

news announcements (Hess, Huang, & Niessen, 2008; Magrini & Donmez, 2013). For example, 

volatility turns out to be higher during the recession and announcement periods.  

Macroeconomic variables are known to be important drivers of asset prices. There is a 

large amount of literature that investigates the relationship between macroeconomic variables 

and stock returns (Corradi, Distaso, & Mele, 2013; Engle, Ghysels, & Sohn, 2013; Engle & 

Rangel, 2008; Errunza & Hogan, 1998; Flannery & Protopapadakis, 2002; Garcia & Liu, 1999; 

Rahman, Sidek, & Tafri, 2009; Sadorsky, 2003). A number of macroeconomic factors have 

been used to represent risk in mature stock markets. On one hand, it is well known in the 

financial economics literature that macroeconomic fluctuations are influential on stock prices 

through their effect on future cash flows and the discount rate (Chen, Roll, & Ross, 1986; Fama, 

1981; Geske & Roll, 1983). On the other hand, it is also argued that the stock market is one of 

the most important components of the capital market, and thus its performance can influence 

the economic development. Therefore, a well-functioning stock market can reflect and assist 

the economic growth by efficiently allocating the cash flow of savings and investment in the 

economy. Early studies were mainly motivated by the Arbitrage Pricing Theory (Ross, 1976). 

In these models, the factors that relate to the stock market performance are industrial production, 

inflation, interest rates and oil prices (Hamao, 1988; Harris & Opler, 1993). 
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With the globalization and financialization of commodities, especially the extension of 

emerging commodity futures markets, commodity futures have become one of the most 

important financial assets. Several studies that examine factors affecting commodity markets 

argue that the commodity market fluctuation is not only associated with supply-demand 

dynamics: it is also related to changing macroeconomic fundamentals. However, its reaction 

to macroeconomic factors is different from that of other conventional financial assets. This 

section will identify the difference between conventional financial assets and commodities, and 

will review the literature covering volatility models and commodity volatility drivers.  

3.5.1 Macroeconomic Determinants and Commodity Futures  

The research related to macroeconomics discussions on commodity price changes 

traces back to the 1970s, when researchers argued that the macroeconomic variables played a 

significant role in oil, agricultural and mineral commodity prices. In the late 1980s and the 

1990s, commodity prices declined, which made the topic of commodity prices fall out of favour. 

This may be because a price decrease is not as interesting to researchers as a price increase 

(Frankel & Rose, 2010). During the first decade of this century, commodities such as crude oil, 

copper, ore, corn, wheat and sugar experienced price hikes and fluctuations. This renewed 

analysts’ interest in commodities: they tried to identify the major explanations for high and 

volatile commodity prices.  

In the early stage, most of the research was based on the hypothesis that commodity 

futures were an asset class. As a result, researchers applied asset pricing models used in equity 

markets to price commodity futures and the results were mixed (Shang, Yuan, & Huang, 2016). 

Dusak (1973) uses a capital asset pricing model to examine three agricultural commodity 

futures contracts from 1952 to 1967, but fails to prove that commodity futures returns are 

affected by stock market factors. Bodie and Rosansky (1980) find a negative market risk 
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premium in quarterly return of 23 commodities. Using a high frequency dataset, Cai, Cheung, 

and Wong (2001) investigate the effect of 23 macroeconomic announcements on the gold 

market, and find that the market is impacted by employment reports, Gross Domestic 

Production (GDP), Consumer Price Index (CPI) and personal income.  

More recently, Roache (2008) uses the Fama-Macbeth procedure with time-varying 

betas for 17 commodities and finds that investors are compensated by bearing interest rate risk. 

Arango, Arias, and Flórez (2012) and Frankel and Rose (2010) find that the easy monetary 

policy and the weakness in dollar have also contributed to the recent behaviour of commodity 

prices. The easy monetary policy is usually reflected through low real interest rates, which has 

the opposite effect, lowering the cost of carrying inventories, and further raising commodity 

prices (Frankel, 2006). Frankel (2006) also argues that, based on the theory of overshooting, 

the contraction monetary policy will temporarily raise the real interest rate via an increase in 

the nominal interest rate/decrease in expected inflation, or both. As a result, the real commodity 

prices fall, until they are widely considered as being undervalued. However, the undervaluation 

has an expectation of future appreciation, which is sufficient to offset the higher interest rate. 

In the long run, the general price level adjusts to the change in the money supply. Consequently, 

the real money supply, real interest rate and real commodity price eventually return to the 

original value.  

These studies examine only the factors which are well tested in the stock market. With 

the tremendous increase in the demand of emerging markets, some researchers have moved 

their focus to these markets. Arango et al. (2012) and Varadi (2013) argue that the commodity 

price fluctuation is highly linked to the economic activity of some emerging economies. The 

International Monetary Fund (2006) states that an increase in the Chinese and other large 

emerging markets has led to a fundamental change in long-term price trends.  
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Compared to returns, volatility is another important vehicle for carrying information. It 

can also provide additional valuable information for understanding the pricing mechanism. 

Therefore, more research investigates the determinants of commodity prices from a volatility 

perspective. The existing studies have been conducted on different commodities, since 

agricultural commodities are a storable type of commodity, and prices of agriculture products 

are highly related to food security issues. Understanding the volatile agriculture commodity 

prices is critical for producers, consumers and to a country’s stability. A large series of studies 

examine the food volatility and its determinants. Balcombe (2011) employs both variance 

decomposition and panel regression to investigate the nature and determinants of volatility in 

19 internationally-traded agricultural commodities. The results show that exchange rate 

volatility is a predictor of volatility in over half the series, and that stock levels and yields 

influence price volatility.  

According to Brümmer et al. (2013) and Magrini and Donmez (2013), the existing 

literature related to volatility drivers of agricultural commodities falls into three categories: 

volatility modelling, which does not examine the causal relationship between commodity 

return volatility and its drivers  (Anderson & Nelgen, 2012; Clapp, 2009; Gilbert, 2010; Wright, 

2011); studies based on mathematical modelling (Miao, Yu, Xi, & Tang, 2011); and empirical 

models, which investigate the causal relationship between price volatility and its drivers (Hayo, 

Kutan, & Neuenkirch, 2012; Karali & Power, 2013; Ott, 2014; Pietola, Liu, & Robles, 2010; 

Zheng, Kinnucan, & Thompson, 2008). Research that investigates the causal relationship has 

discussed the trade-off between the efficient use of information contained in the high frequency 

data, and the necessity of including the low-frequency macro-economic determinants in the 

analysis. Some scholars calculate the volatility by using daily prices and considering only 

financial variables and monetary factors as the determinants (Hayo et al., 2012). Other 

researchers convert high frequency data into lower frequency data by simply averaging high 
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frequency observations (Ott, 2014; Pietola et al., 2010). However, this method may omit some 

important information contained in high frequency observations.  

To overcome this issue, Roache (2010) and Karali and Power (2013) employ the spline-

GARCH model introduced by Engle and Rangel (2008), which can decompose the volatility 

into short and long-run components and estimate the linkage between volatility with the 

macroeconomic variables in a two-step procedure. Roache (2010) finds that low-frequency 

volatility is positively correlated across different commodities, and furthermore, the US 

inflation rate and dollar exchange rate can explain a large part of the price increase in US 

agricultural commodities. Karali and Power (2013), who investigate the price volatility in US 

agricultural, energy and metal futures markets, find that over the period of 1995-2005, most 

macroeconomic variables present similar effects within the same commodity category, and the 

results are different across distinct commodity groups. Although the spline-GARCH model is 

widely used, it has some shortcomings. Unconditional volatility is modelled in a deterministic 

and non-parametric manner, which is unable to incorporate macroeconomic factors directly. 

Further, two-step procedures lead to a significant amount of information loss.  

The GARCH-MIDAS (MIxed DAta Sampling) model, developed from the spline-

GARCH model, is introduced to overcome the weaknesses in the spline-GARCH model. The 

GARCH-MIDAS model allows us to incorporate low-frequency macroeconomic data directly 

through the MIDAS filter. Magrini and Donmez (2013) examine the main drivers of the 

agricultural commodity price volatility in the US market. The results show that the GARCH-

MIDAS model provides a better fit than the standard GARCH (1, 1) model. Over the full 

sample period, supply-demand indicators and conventional speculation proxies are crucial in 

explaining the low-frequency component of the volatility. In addition, monetary factors and 

energy markets play a significant but less important role. However, during the recent price 
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hikes (2006-2012), the monetary factor, and the interest rate in particular, became essential in 

explaining the fluctuations in agricultural commodity prices.  

In terms of other commodity futures markets, Tully and Lucey (2007) employ the 

asymmetric power GARCH model to investigate the macroeconomic influences on gold cash 

and futures prices. The result indicates that only dollars show a significant negative relationship 

with the volatility of return on gold, but not with other macroeconomic variables. Batten, Ciner, 

and Lucey (2010) examine the macroeconomic determinants of monthly price volatilities of 

four precious metals (gold, silver, platinum and palladium). These macroeconomic 

determinants include the business cycle, the monetary environment and the financial market 

sentiment. The results for different commodities are distinct; in particular, gold volatility is 

shown to be explained by monetary variables, such as Money Supply (M2) and the inflation 

rate. Prokopczuk and Symeonidis (2013) examine the relationship between economic 

uncertainty and commodity return volatility by analysing volatility for the aggregate 

commodity market and for various groups. Their results show that the macroeconomic and 

financial market uncertainties explain the subsequent volatility of commodity returns.  

More recently, Liu, Tang, McKenzie, and Liu (2015) employ an asymmetric spline-

GARCH model to examine the macroeconomic determinants of the low-frequency volatility in 

Chinese gold futures. Their study makes some unique contributions. This, the first study to 

focus on the emerging commodity market, includes a wide range of macroeconomic variables 

from both the Chinese market and the US market. The results show that the volatility in gold 

futures is mainly determined by macroeconomic fluctuations and investor behaviour, of which 

the Chinese consumer price index volatility and US dollar volatility are the two main 

determinants. Van den Elzen (2014) also employs a GARCH-MIDAS model and analyses the 

impact of the global economic cycle, monetary factors, market sentiment, speculative activity, 
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convenience yield and the Chinese economy on six highly traded commodities in the US, 

ranging from grain to oil. The results show that the macroeconomic variables help forecast 

volatility for longer horizons. In addition to this, the effects of the global economic cycle, real 

interest rate, convenience yield and uncertainty of the Chinese economy have improved the 

capability of explaining the dynamics of unconditional price volatility over the last decade. 

Focusing on the oil market, Yin and Zhou (2016) examine the role of speculation and economic 

fundamentals in the US oil futures using the GARCH-MIDAS model. Their results show that 

the global demand shock is the only factor that increases long- or short-term oil volatility over 

the whole sample period.  

All these studies have primarily investigated the macroeconomic determinants of 

commodity volatility based on US markets data. Although the study of Liu et al. (2015) is the 

only one that is based on the Chinese gold market data, given the significant role that emerging 

commodity markets play in the world, investigating the macroeconomic determinants of 

emerging commodity futures markets is worthwhile. Based on the review of previous literature, 

the following subsection will summarise some potential factors that may have a significant 

impact on volatility.  

3.5.2 Potential Factors  

This subsection reviews some of the potential variables which have been tested in 

previous literature. The variables are divided into three groups. The first group includes the 

CPI, the industrial production index (IP), the gross domestic production (GDP), the Consumer 

Confidence Index (CCI) and the composite leading indicators (CLI). These are considered to 

be the proxy for the economic environment. The second group, including M2, the short-term 

interest rate (IR) and the term spread (T-spread), are considered to be the proxy for the 

monetary environment. The third group, including stock index changes (STOCK) and the real 
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effective exchange rate (REER), are considered to be financial variables. The following 

paragraphs review these variables individually and set up the hypothesis for each variable.  

Consumer price index (CPI):  

The CPI is a measure of prices paid by consumers for a market basket of consumer 

goods and services and the monthly growth rate represents the inflation rate. The monthly CPI 

growth rate is used as a proxy for the inflation rate. Within the stock market literature, the CPI 

can influence stock prices by affecting the discount rate in the valuation model. The rise in 

inflation rate will increase the discount rate and therefore reduce stock prices. Additionally, 

inflation can also affect stock prices through its influences on the cost for firms. In theory, 

inflation should have a negative relation with stock prices. In terms of commodities, many 

papers argue that commodities are inflation hedges (Ghosh, Levin, Macmillan, & Wright, 2004; 

Gorton & Rouwenhorst, 2006; Kolluri, 1981; Mahdavi & Zhou, 1997). High inflation causes 

high commodity prices. Liu et al. (2015) find a positive relationship between the CPI volatility 

and the volatility of gold futures in China. Therefore, a positive relationship between the CPI 

and volatility on returns of commodity futures is expected.   

Industrial Production (IP): 

The IP is used to reflect the overall economic condition and the rise in industrial 

production indicates economic growth (Karali & Ramirez, 2014). Within the stock market 

literature, an increase in industrial production is expected to increase corporate earnings, which 

will eventually enhance the stock value of the firm. In terms of commodity markets, Batten et 

al. (2010) find a significant positive relationship between IP and the volatility of metal futures. 

Moreover, Karali and Power (2013) also argue that the volatility of most commodities increases 

with both positive and negative changes in the industrial production index. Therefore, the 
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author expects to find a positive relationship between IP and volatility on returns of commodity 

futures.  

Money Supply (M2): 

The M2 measures the total amount of money available in an economy. It is considered 

to be an important component of macroeconomics that can dictate inflation and interest rates. 

For instance, in response to economic weakness, the central bank often increases the money 

supply to enhance business and investment activities. Therefore, M2 provides an important 

insight into the direction and efficiency of the central bank’s policy. Theoretically, the 

relationship between money supply and stock prices is ambiguous. By using different 

mechanisms, the money supply can influence the stock price both positively and negatively. 

The results are mixed for commodity futures markets. Prokopczuk and Symeonidis (2013) fail 

to find a significant relationship between M2 and volatility of commodity futures returns. In 

contrast, Liu et al. (2015) find no relationship between Chinese M2 volatility and the volatility 

of gold futures in China but a significant positive relationship between US M2 volatility and 

the volatility of gold futures in China. In this research, the M2 is incorporated as a proxy for 

capturing the influence of monetary policy; therefore, changes in M2 are expected to have a 

positive impact on commodity futures volatility. 

Consumer Confidence Index (CCI): 

The CCI is a compound index which captures the sentiment among households or 

consumers by incorporating information on employment, income, and interest rates. It reflects 

people’s confidence in and expectation of the economy. Theoretically speaking, when 

consumer confidence increases, consumers have a strong confidence towards the markets, and 

thus commodity prices should be less volatile. However, the empirical results are mixed. Liu 
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et al. (2015) show no relationship between the CCI in China and the volatility of the Chinese 

gold futures. In addition, they also find no relationship between the CCI in the US and the 

volatility of Chinese gold futures. In this research, the author, following the theoretical 

foundation previously discussed, expects to find a negative relationship between CCI and the 

volatility of commodity futures.  

Interest Rate (IR) and Term Spread (T-spread): 

The short-term interest rate is considered as another indicator of monetary conditions 

(Frankel, 2006). Gruber and Vigfusson (2013) argue that the interest rate is an important cost 

of holding inventories of commodities. However, the effect of the interest rate on commodity 

prices has changed over time. In the 1980s, low interest rates made storage costs cheaper. The 

low inventory cost led to an increase in inventories. The larger amount of inventories smoothed 

the supply shock, and hence lowered the price volatility. However, in recent decades, some 

scholars argue that a decline in the interest rate has the effect of reducing the opportunity cost 

of holding inventories, increasing the commodity demand, and also reducing the market ability 

to cope with any other shocks. In addition, low interest rates are likely to cause excessive 

liquidity in the market, which is often blamed for exacerbating price fluctuations in the short-

run (Frankel, 2014; Magrini & Donmez, 2013). Therefore, the author expects to find a negative 

relationship between interest rate and price volatility.  

The short-term interest rate in some periods is close to zero, and thus it cannot be a 

good proxy for the monetary policy. In this case, a better proxy of monetary policy is the term 

spread (T-spread), which is calculated as the difference between the yield on long-term 

government bonds and the yield on short-term government bonds.13 Different from the interest 

                                                           
13 Due to the unique characteristics, the specific securities have been chosen, based on distinct markets.    
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rate, the T-spread incorporates the expectation of long-run monetary policy changes. When 

changes in monetary policy cause a decline in both long- and short-term interest rates, the short-

term rates are more likely to decrease than the long-term ones, as the economy will recover in 

the future or the inflation rate will rise (Wheelock & Wohar, 2009). As a result, a positive 

relationship between T-spread and price volatility is expected to be found.  

Stock Market Level (STOCK):  

In order to capture the influence of financial markets, this research uses stock market 

changes as a proxy for the performance of financial markets. Gorton and Rouwenhorst (2006) 

use the total return on the S&P 500 and World ex US indexes to capture the financial market 

sentiment, but they fail to find any relationship between commodity prices and stock returns. 

In addition, a number of studies investigate volatility spillover between oil and equity markets, 

but the results are mixed. Some research finds that volatility spillover is from commodity 

markets to stock markets (Arouri, Jouini, & Nguyen, 2011; Malik & Ewing, 2009; Malik & 

Hammoudeh, 2007; Tansuchat, McAleer, & Chang, 2009; Todorova, Soucek, & Roca, 2015); 

others find that the volatility shocks in established and mature equity markets spill over to the 

crude oil and gold futures markets (Thuraisamy, Sharma, & Ahmed, 2013). However, these 

studies are based on high frequency data (either daily or intra-day), which indicates that the 

information contained in stock prices is more related to short-term price movements. These 

arguments suggest that the stock returns are expected to have no impact on the long-term 

volatility of commodity futures. The stock market volatility may have a positive impact on 

commodity futures volatility, indicating that an increase in the volatility of the stock market 

has a significant impact on the volatility of commodity futures.  
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Real Effective Exchange Rate (REER): 

The real effective exchange rate (REER) is the weighted average of a country’s 

currency relative to an index or basket of other major currencies. It is used to measure the value 

of a specific currency in relation to an average group of major currencies. The REER is a key 

economic variable that shows the price competitiveness of a country. With regard to 

commodity markets, exchange rates have become an important predictor of commodity prices. 

Chen, Rogoff, and Rossi (2010) find that exchange rates of countries which are the major 

exporters of commodities have a surprisingly robust power in predicting global commodity 

prices. Cuddington and Liang (2003) examine the commodity price volatility across fixed and 

flexible exchange rate regimes and find that the exchange rate may imply an important source 

of systematic risk to world commodity markets. Karali and Power (2013) find a significant 

negative relationship between the trade-weighted exchange index and the volatility of corn, 

soybeans, wheat, live cattle, lean hogs, natural gas and crude oil, based on the US market 

evidence. For the exchange rate volatility, many scholars find a positive relationship with 

commodity volatility. Liu et al. (2015) employ the US dollar Foreign Exchange Rate Index 

volatility and find a significant positive relationship between US dollar volatility and the 

volatility of Chinese gold futures. These studies suggest the expectation that an appreciation in 

the real effective exchange rate will cause a decrease in volatility of commodity futures. A 

positive relationship between the volatility of exchange rates and the volatility of commodity 

futures is expected to be found.  

The Economic Cycle: 

Fundamentally, prices of commodities are driven by supply and demand factors, and 

the demand for commodities is highly linked to the growth of an economy (Gorton & 

Rouwenhorst, 2006). A number of studies have investigated the relationship between the 
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economic cycle and price volatility. Roache (2010) finds that food price volatility increases 

when real global activity levels fall (recession period), and price volatility increases with higher 

variations in global economic activity. Power and Robinson (2013) show a positive relationship 

between commodity price volatility and the economic cycle. This argument is supported by 

Magrini and Donmez (2013), who further show that an increase in global economic activity 

leads to an increase in the low-frequency component of commodity volatility. To estimate the 

state of the economy, the CLI is employed. The OECD system of CLIs is designed to provide 

early signals of turning points in business cycles, such as the fluctuation in the output gap and 

fluctuation in the economic activity around its long-term potential level. This approach, 

focusing on turning points (peaks and throughs), results in CLIs that provide quantitative rather 

than quantitative information on short-term economic movements. The higher economic 

growth may cause a higher demand in commodities. In turn, the demand shock may result in 

higher commodity price volatility. Therefore, changes in economic cycle may be positively 

related to commodity price volatility. A list of potential macroeconomic variables that has been 

derived from the literature review will be tested in Chapter 5. Table 3.1 presents the potential 

variables and the relevant literature.  
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Table 3.1: List of Potential Macroeconomic Variables 

Variable Relevant Literature                                   Expected 
Sign 

Consumer Price Index (CPI) Ghosh et al. (2004); Gorton and 
Rouwenhorst (2006) 
Kolluri (1981); Mahdavi and Zhou (1997) 

+ 

Industrial Production Index 
(IP) 

Batten et al. (2010); Karali and Power 
(2013); Karali and Ramirez (2014) 

+ 

Consumer Confidence Index 
(CCI) 

Liu et al. (2015) - 

Money Supply (M2) Liu et al. (2015); Prokopczuk and 
Symeonidis (2013) 

+ 

Short-term Interest Rate (IR) 
& Term spread (T-spread) 

Frankel (2014); Gruber and Vigfusson 
(2013); Magrini and Donmez (2013) 

- 

Stock Market Index 
(STOCK) 

Arouri et al. (2011); Malik and Ewing 
(2009); Malik and Hammoudeh (2007); 
Tansuchat et al. (2009); Thuraisamy et al. 
(2013); Todorova et al. (2015) 

+ 

Exchange Rate (EXR) Chen et al. (2008); Cuddington and Liang 
(2003); Karali and Power (2013); Liu et al. 
(2015)    

+ 

Composite Economic 
Leading Indicator (CLI) 

Magrini and Donmez (2013); Power and 
Robinson (2013); Roache (2010) 

+ 
 

3.6 Commodities and Portfolio Investments 

Incorporating commodities as an asset class into a portfolio is derived from modern 

portfolio theory. Simply stated, portfolio theory is about finding the balance between 

maximising the return and minimising the risk (Markowitz, 1952). Therefore, the objective is 

to select investments in ways that will diversify risks but not reduce expected returns. In the 

same context, the aim of international diversification is to improve the risk and return trade-off 

for investors. To minimise the portfolio risk while the expected return for the portfolio remains 

unchanged, many investors choose to use equities from international markets, as they are less 

correlated with assets in the domestic market. With the growing international trades and 

investment flows, and the terms of international transactions, national economies have recently 

become integrated (Yavas, 2007). These changes have contributed to an increased general level 

of correlation among markets. As a result, the benefits of adding international equities into the 
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portfolio may be diminished. Some investors venture beyond the plain-vanilla stocks and bonds 

portfolio, seeking further alternative investment options. 

The key attractions of commodity investments are twofold: the inflation hedge and the 

negative correlations with conventional assets (Cheung & Miu, 2010; Fabozzi et al., 2008). 

Investors who benefit from commodity or commodity-based products rely primarily on their 

ability to offer risk and return trade-offs that cannot be easily replicated through other 

investment alternatives. 

Commodities are traded as “real assets”, unlike financial assets such as stocks and 

bonds; commodities, therefore, tend to react to changing economic fundamentals in ways that 

differ from traditional financial assets, particularly with respect to inflation. Different from 

other conventional assets, commodity futures represent a bet on commodity prices, where the 

latter are main drivers of inflation rates (Spierdijk & Umar, 2013). Consequently, commodity 

futures are directly linked to components of inflation. Commodity prices usually rise when 

inflation is accelerating, so investing in commodities can give portfolios a hedge against 

inflation. Conversely, stocks and bonds tend to perform better when the rate of inflation is 

stable or slowing. Faster inflation lowers the value of future cash flows paid by stocks and 

bonds because those future dollars will be able to buy fewer goods and services than they would 

today.  

Most empirical studies tend to confirm the positive hedging ability of commodities and 

commodity futures (Beckmann & Czudaj, 2013; Bekaert & Wang, 2010; Bruno & Chincarini, 

2010; Erb & Harvey, 2006; Gorton & Rouwenhorst, 2006; Hoevenaars, Molenaar, Schotman, 

& Steenkamp, 2008; Worthington & Pahlavani, 2007). Gorton and Rouwenhorst (2006) argue 

that during the inflation period, the increasing commodity prices are typically one element of 

heightened inflation and higher interest rate, whereas both high inflation rate and high interest 
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rate will have significant negative impact on equities. Therefore, long positions in commodity 

futures are found to provide an inflation hedge for conventional portfolios.  

Another motivation of adding commodity futures into the portfolio is its low and 

negative correlation with equity and bond returns. The major reason why commodity prices 

changes are negatively correlated with stocks and bonds is that commodity futures and financial 

assets react differently at different parts of the business cycle. Commodity futures prices are 

impacted by short-term expectations, whereas stocks and bonds are affected by long-term 

expectations (Anson, Fabozzi, & Jones, 2010). For instance, the financial assets may decline 

over fears of increased inflation or sustainability of economic growth during the strong 

economy. This view is from a long-term perspective. Conversely, commodity prices will react 

favourably because they are influenced by the high demand for raw materials under the current 

market conditions.  

In general, investors choose either the commodity index or individual commodity 

futures when incorporating commodities into their portfolios. A number of studies examine the 

diversification benefits of adding commodities into portfolio. The following subsections 

review the diversification benefits of adding the commodity index and the commodity futures 

contracts separately. 

3.6.1 Diversification Benefits of Commodity Index  

In the early stage, the most popular commodity investment strategy is to invest in a 

basket of commodities in a given commodity index (Tang & Xiong, 2012). The commodity 

indexes are a source of information on cash commodity and futures commodity market trends. 

They are also considered as performance benchmarks for evaluation of commodity trading 

advisors, providing a historical track record for developing asset allocation strategies (Georgiev, 
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2001). There are several advantages of investing in commodity indexes. One of the most 

attractive aspects of commodity index investment is that it provides a passive investment that 

is fully investible, while most other alternative assets do not have a passive and investible index 

(Greer, 2000; Scherer, He, Fabozzi, Füss, & Kaiser, 2008). Another advantage of investing in 

commodity indexes is that these indexes can perform well even when some individual 

commodity markets are depressed (Georgiev, 2001). This is possible, given the low or negative 

correlation between some commodity pairs. Most importantly, the low and negative 

correlations between stock and commodity returns provide investors with potential positive 

hedging benefits in the portfolio context (Jensen, Johnson, & Mercer, 2000). Therefore, 

investors who are holding commodity index are based on the fact that commodities serve to 

reduce risk of their overall investment portfolio (Stoll & Whaley, 2011).  

The advantages provided by commodity indexes have generated a large amount of 

literature investigating the performance of commodity index in the portfolios context (Gorton 

& Rouwenhorst, 2006; Stoll & Whaley, 2011). Bodie and Rosansky (1980) use all major 

commodities traded in futures market in the US from December 1949 to December 1976 and 

compare rates of return of commodity futures contracts to the rates of returns earned on stocks 

and bonds over the same sample period. The results show that the mean returns of the 

benchmark portfolio of commodity futures was about the same as the mean return on common 

stocks. Moreover, futures tended to do well in years when stocks were doing badly and vice 

versa. These authors also switch all stock portfolios to a 60%/40% stock/futures portfolio and 

the results show that an investor could have reduced their return variability by one-third without 

sacrificing any of his/her return.  
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Satyanarayan and Varangis (1996) examine the diversification benefits of commodities 

in the presence of both developed and developing market assets: the results show the shift of 

the efficient frontier when the investment universe is extended to a commodity index. Kaplan 

and Lummer (1998) find that the Goldman Sachs Commodities Index (GSCI) futures is not 

only a good diversifier for stock and bond portfolio, but also an effective hedge against inflation. 

Moreover, Greer (2000) uses an unleveraged commodity index to represent the returns derived 

by holding passive, long positions in commodity futures contracts. Their results conclude that 

the total return from the unleveraged commodity index is negatively correlated with stocks, 

and these commodity indexes provide protections to the portfolio from inflation. Jensen et al. 

(2000) examine the role of commodity futures in diversified portfolios across different 

monetary environments. They employ the GSCI total return index to represent a conservative 

approach to examine the performance of commodity futures. The results show that the 

commodity futures contained a significant weight of an optimal portfolio and that incorporating 

commodity futures into the asset portfolio significantly enhanced the portfolio returns.  

Using an equally-weighted commodity index, Gorton and Rouwenhorst (2006) 

examine commodity futures returns over the period July 1959 to December 2004. They find 

that a portfolio of fully collateralised commodity futures offered the same average return and 

Sharpe ratio as the US equities, but has a negative correlation with returns on stocks and bonds. 

Building on this research, Bhardwaj et al. (2015) extend the sample period for 10 years and 

conduct an out-of-sample test. Their results show that the previous conclusions largely hold up 

in the out-of-sample context. The in-sample and out-of-sample results are not significantly 

different. Furthermore, the commodity correlations with other assets experienced a temporary 

increase during the financial crisis period.  
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More recently, Scherer et al. (2008) agree on the diversification impact of commodity 

index on the basis of the p-values of regression estimates. In research conducted at an out-of-

sample basis, Bessler and Wolff (2015) analyse the in-sample and out-of-sample portfolio 

effects resulting from adding commodities indexes to a stock-bond portfolio for various asset 

allocation strategies. Their results show that the out-of-sample analysis generally 

underperforms the in-sample analysis; while aggregate commodity indexes, industrial, 

precious metals and energy improve the performance of a stock bond portfolio for most asset 

allocation strategies, but agriculture and livestock barely show positive effects on a portfolio. 

Extending that research, Bessler, Opfer, and Wolff (2017) propose a sample-based version of 

the Black-Litterman model and implement it on a multi-asset portfolio consisting of global 

stocks, bonds, and commodity indexes. The results show that the Black-Litterman model 

outperforms the naïve-diversified portfolio, and consistently outperforms mean-variance, 

Bayes-Stein, and minimum variance strategies in terms of out-of-sample Sharpe ratios. 

So far, only one study focuses on the emerging commodity markets of India. Shelly 

(2017) examines whether commodity futures in India provide the same diversification benefits 

as they provide in developed commodity markets. The commodity indexes are used to represent 

various sectors. The results show that investors with different risk preferences will all 

incorporate the commodity in different sectors to diversify their risks.  

Although many studies use commodity indexes as alternative investment asset to 

incorporate into conventional portfolio, the commodity index investment is always considered 

as a passive, fully collateralised, only long investment (Stoll & Whaley, 2011). It is a portfolio 

of individual commodity returns, and thus its return critically depends on the weighting scheme 

and individual futures returns. Erb and Harvey (2006) argue that a commodity futures index is 

not necessarily a good measure of the aggregate commodity market performance because part 
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of the excess returns is due to a rebalancing effect. In the absence of market weightings for 

commodity index constituents, future positions will be reweighed to some initial weight. Thus, 

Erb and Harvey (2006) argue that commodities should not be analysed as one single market, 

but as individual markets, because price changes are determined differently. However, few 

commodity articles consider the potential benefits of adding individual commodity futures 

contracts to a portfolio (Erb & Harvey, 2006; You & Daigler, 2010, 2013) or examine the 

consistency between the ex-ante and ex-post results (Dye & Groth, 2000; You & Daigler, 2013). 

The following section will review the literature related to individual commodity futures.  

3.6.2 Diversification Benefits of Individual Commodity Futures  

Several recent studies do examine the benefit of diversifying with individual futures 

and do determine the effects on higher-moment risk and diversification benefits of commodity 

futures. Erb and Harvey (2006) argue that prices of individual commodities are determined 

differently, and therefore, commodities should not be analysed as one single market. Based on 

their analysis, they conclude that a diversified portfolio of commodity futures seems to be an 

excellent diversifier of a traditional stock and bond portfolio, as well as a questionable hedge 

of inflation and pension liabilities. Galvani and Plourde (2010) perform their analysis in the 

context of energy markets. They investigate the diversification contribution of four energy 

commodities to a portfolio of energy stocks and results fail to show that energy commodity 

futures can offer significant diversification gains with respect to energy stocks. Daskalaki and 

Skiadopoluos (2011) employ five individual commodity futures contracts from different 

commodity sectors to represent its sector performance.  They generalise the notion of spanning 

to non-mean-variance utility functions and the results show that commodities do not yield 

added value to investors.    Belousova and Dorfleitner (2012), however, show an opposite result 

based on euro market evidence. They investigate the diversification contribution of 25 
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individual commodities to a portfolio of traditional assets. The results confirm the role that 

commodity play from the perspective of diversification.  Their findings also show that the 

diversification contribution varies greatly amongst the different commodities, where the 

industrial metals, agricultural, and livestock contribute to the reduction of risks, while energy 

and precious metals contribute to both the reduction of the level of risk and to the improvement 

of return.  

You and Daigler (2010) employ both 3 general commodity indexes and 20 commodity 

futures contracts from metal, energy and agricultural commodity sectors and conclude that the 

naïve futures portfolio is superior to common stock indexes. You and Daigler (2013) move 

their attention to pure individual futures contracts by further examining the diversification 

benefits of individual commodity futures contracts on an ex-ante and an ex-post basis. They 

also investigate the instability between in-sample and out-of-sample results. Their results show 

potential benefits of adding individual commodity futures to a traditional portfolio. Although 

the ex-post portfolios underperform the ex-ante portfolios, commodity futures still provide ex-

post benefits over a simple naïve strategy.  Bessler and Wolff (2015) analyse the in-sample and 

out-of-sample portfolio effects resulting from adding commodities to a stock-bond portfolio 

for various types of asset allocation strategies. Their results show that the diversification varies 

among commodities from different sectors. Daigler, Dupoyet, and You (2017) investigate 

whether employing individual commodity futures can provide a superior optimised risk–return 

strategy relative to an equity portfolio. The results show that the portfolio with commodities 

generally outperform benchmark equity indexes, both in relation to return and risk levels. 

These commodity diversification studies examining portfolio performance have some 

shortcomings. First, the majority of the existing studies investigate only from an in-sample 

perspective. Second, such studies ignore various issues with portfolio construction such as the 
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rebalancing, time varying correlations. Third, all studies are based on the developed market 

data, especially the US market; few study examine the portfolio diversification benefits of 

emerging commodity markets, especially the individual commodity futures contracts.    

3.7 Conclusion  

This section reviews the theoretical framework of this research, the impact of 

financialization of commodities, the linkage among commodity futures markets and spot 

markets, the determinants of volatilities, and finally, the commodities and portfolio investments. 

As shown in this Chapter, the empirical evidence on commodity futures is extensive and 

persuasive. Theoretically, in the efficient market, the spot and futures markets should adjust 

information simultaneously. However, due to the transaction cost, the short-sale constraints in 

the real world and the leverage offered by futures, futures and stock markets may adopt 

information at different speeds.  

This review of previous studies has clearly shown that there is an on-going debate about 

the lead–lag relations between futures and underlying cash markets and the international 

linkages between futures markets. Many studies support the argument that the futures market 

plays an important price discovery role in the spot market, and information spills over from 

larger, more liquid and more efficient markets to smaller, less liquid and less efficient markets. 

Previous research suffers from several limitations. The majority of studies focus on the 

developed markets and either examine the information linkage between commodity futures and 

underlying spot markets, or the international linkage between similar commodity futures in 

different countries. Few studies cover the developing markets and examine the information 

linkage among futures and spot markets in different countries. In addition, the literature 

examines the relationships mainly from an index level perspective, rather than specific 

commodity futures contracts. Only few studies done in India and China commodity markets 
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and conclude a long-run relationship between futures and agricultural commodities. Chapter 4 

extends the previous literature by extending the research to both the relationships between 

commodity futures and spot prices within the same country and the relationships between 

similar commodity futures in different countries. Further, the research examines not only long-

run equilibrium but also short-run relationships, which has not been done comprehensively in 

the existing literature.  

The commodity prices have experienced a significant increase in the last decade. The 

increase in commodity prices also accompanied a high level of volatility. These high levels of 

prices and volatility have raised concerns about the reasons that cause these phenomena. Some 

scholars argue that the rapid growth of globalization and financialization and the increased 

demand in emerging commodity markets could be factors causing this increase in commodity 

prices and volatility (Africa, 2008; Büyükşahin & Robe, 2014; Gilbert, 2010; Hernandez & 

Torero, 2010; Tang & Xiong, 2010).  

Previous literature that investigates the volatility determinants of commodity futures 

has exposed several drawbacks. Most research focuses on the impact of microeconomic 

information; however, macroeconomic conditions cannot be easily ignored. Even though some 

studies take macroeconomic variables into consideration, the proxy for volatility is inaccurate. 

Liu et al. (2015) employ the unconditional volatility derived from the traditional GARCH 

model. This constant volatility component is unlikely to capture the true dynamics of long-run 

market volatility. Another weakness of the previous literature is the non-synchronised 

frequency between macroeconomic variables and commodity futures, in which 

macroeconomic variables appear on a monthly/quarterly/yearly basis and commodity futures 

prices have relatively higher data frequency. To include data with different frequencies in the 

same model will cause econometric modelling difficulties.  
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To overcome the shortcomings found in the previous literature, this research examines 

both domestic and international macroeconomic determinants of the volatility of commodity 

futures in the emerging markets using a superior model – the GARCH-MIDAS model. This 

model decomposes the volatility series into short-run components and long-run components, 

and further incorporates the macroeconomic variables directly into the model. In this way, it 

can reduce further information loss in the process.  

The previous literature suggests that the commodity futures are widely regarded as an 

alternative investment asset class for investors. However, previous research has focused on 

futures in developed markets and index futures. Not much research has been conducted in the 

context of emerging markets with individual commodity futures. To fill this research gap, this 

research employs a wide range of individual commodity futures contracts that covers several 

commodity sectors from the two largest emerging markets, China and India, and examines the 

incremental diversification benefits of using emerging commodity markets. Chapters 4, 5 and 

6 form three inter-related studies. 
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Chapter 4  

Information Transmissions 

“The Information Transmission between the Chinese and the US 

Agricultural Commodity Markets” 

4.1 Introduction 

As the world’s largest agricultural economy, China’s impact on world agricultural 

markets varies dramatically across commodities. With the largest global population, China is 

the largest consumer of wheat, soybeans and rice, and the second largest consumer of corn. 

China is also the world’s largest producer of wheat and rice, and the second largest producer 

of corn (Coates & Luu, 2012).  

The Chinese futures exchanges, which were established in the early 1990s, have grown 

very rapidly and are now ranked as leading derivative markets based on the number of futures 

contracts traded (Fung, Tse, Yau, & Zhao, 2013). In terms of agricultural products, several 

Chinese agricultural commodity contracts have become top contracts in the world. For example, 

the soybean meal, sugar, soybean oil and cotton futures contracts in China were ranked as 

number 2, 3, 7 and 10, respectively, in the global ranking of agricultural commodities by 

trading volume 14 in 2014. Meanwhile, the Chinese government has striven to develop its 

futures markets to satisfy the growing domestic needs for hedging and price discovery.  

                                                           
14 The figures are from the 2014 China Futures Industry Annual Report. 
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Due to the large demand for commodities from China, prices in these markets may also 

react to global information. Chinese futures exchanges, in return, have also started to play a 

role in price discovery and risk management in international commodity futures markets. Apart 

from the influences of domestic supply and demand factors, and economic policies and market 

integration, the movements in international agricultural commodity prices may also influence 

the spot prices of Chinese agricultural commodities. The large size of the commodity markets 

of China and the US and the close economic ties between China and the US (in particular 

among agricultural products), provide the rationale for investigating the relationship between 

US and Chinese agricultural commodity markets. From an international asset pricing 

standpoint, the US market offers a wide range of financial assets and are both broad and liquid 

(Bekaert, Harvey & Ng, 2003). As a result, in this paper specifically, the US market is 

considered as a proxy for the global asset pricing set up, while China’s commodity markets 

represent the largest developing country in the commodity trade.  

The reasons for the focus on agricultural commodities in China are varied. First, rising 

food prices have affected millions of poor people, contributed to inflation, and induced political 

unrest. China has the largest agricultural economy in the world and the proportion of extremely 

poor people in China represents 13% of the world’s total poor population, due to its large base 

figure (Feenstra & Wei, 2010; Olinto & Uematsu, 2013). Given China’s large size, its 

increasing integration with the global economy and the large number of poor people,15 its 

response to the food crisis and the price discovery process in commodity markets are both 

important for academics, policy makers and practitioners. 

                                                           
15 China has approximately 40 million people living under the poverty line. A direct comparison of the number 
of poor people across the world is difficult because the poverty benchmark may be different in individual 
developing countries. China defines this as RMB 2300 p.a. which is similar to the World Bank definition of 1 
USD per day. 
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Second, from a market integration perspective, the information spill-over from China 

to the US and vice versa is worth investigating. If Chinese agricultural markets are strongly 

integrated with global agricultural commodity markets, even a small change in the Chinese 

market will have an impact on agricultural commodity markets in other countries. This study 

examines the change of such relationships under different market conditions. Thirdly, from a 

policy standpoint, understanding the integration of the Chinese agricultural commodity 

markets can be useful. The findings of this research can provide a good reference for policy 

researchers who have an interest in developing countries and/or emerging markets. 

The existing literature in this field either investigates the information transmission 

between futures and its underlying commodities in one particular country, or examines similar 

futures contracts in two different countries. However, not much research has been conducted 

to consider both spot and futures market in different countries at the same time. With the 

growing importance of Chinese futures exchanges in the world markets, China’s role in setting 

the global commodity prices needs to be investigated further.  

Similarly, research has often ignored the pricing mechanism of commodity prices and 

commodity futures prices. Thus far it is not clear whether Chinese agricultural commodity 

market movements are driven by the local market or by the international markets. No research 

has yet been conducted to examine how the information transmission pattern changes during a 

crisis period. To address these unexplored research areas, this study examines the relationship 

among futures/spot markets in China and the futures market in the US 16  under different 

economic conditions.  

                                                           
16 Previous studies suggest that informed traders trade in the futures market and that from an international 
traders’ perspective, trade in the spot market is not feasible. Information flows to the futures market first before 
it enters into the spot markets. Therefore, it is a reasonable assumption that informed investors use futures 
markets for hedging and/or speculations.   
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To understand the nature of the information transmission among three markets, this 

study investigates information spill-over dynamics across three markets, the spot market in 

China, the futures market in China and the futures market in the US. This objective is achieved 

by addressing the following three questions that inter-alia answer the primary research question 

of the study.  

1) What is the long-run relationship among markets? 

2) How does information transmit among three markets? 

3) What is the impact of the GFC on information transmission? 

This study uses Johansen cointegration to understand the long-run equilibrium 

relationship among the three markets and the VECM model to examine both long-run and 

short-run dynamics. A sub-sample analysis is conducted to understand the changes in 

relationship in different economic conditions that incorporate different market conditions 

including the period of the GFC. 

This study makes important theoretical contributions to the body of knowledge. The 

first is in providing an understanding of the pricing mechanism of commodities across the three 

markets, through an information transmission process across international markets, rather than 

purely a domestic process. It also contributes to the understanding of the integration of Chinese 

commodity markets with global commodity markets (the US commodity market is used as the 

leading commodity market in the world). This also provides additional evidence in the area of 

market efficiency in the agricultural commodity markets of China and the US. This study uses 

an extensive data set of agricultural commodities to provide reliability and robustness to 

findings. Results from the study are able to be generalised across different commodities and 

markets. 
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In the current economic environment, commodities producers operate in an 

international environment and face the risk of global price movements. Prices of commodities 

in integrated markets are influenced by changes in the global demand and supply rather than 

purely domestic demand and supply factors. As such, findings of the pricing mechanism and 

degree of market integration of the commodities markets have important practical implications 

for investors, fund managers and commodity producers in terms of hedging risk and 

diversification.  

The data used in this research can capture the futures price volatility of recent food 

crisis periods and can shed light on how the Chinese markets perform in terms of cross-market 

information linkage. Findings show that a long-run equilibrium relationship exists in most 

selected agricultural commodities and their futures. This is consistent with previous findings, 

indicating that the commodity prices of three markets are correlated in the long run. However, 

as wheat is an important grain product, its price is tightly controlled by the government; 

therefore, wheat prices in China are very stable and the long-run equilibrium relationship does 

not exist in wheat markets. Results also show a short-run analysis contradicts previous findings, 

which show that the larger, more liquid and more efficient markets play a dominant role in the 

price discovery process (Booth & Ciner, 1997; Hua & Chen, 2007; Hua et al., 2010; Liu & An, 

2011; Xu & Fung, 2005). The results show that information flows from the Chinese futures 

market to the US ones and vice versa. This indicates that some emerging futures markets, such 

as the Chinese futures markets, may start playing a role in the commodity price discovery 

process. The results confirm that the information contained in the commodity futures in China 

becomes more valuable and starts playing a role in the information discovery process. 
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Findings of this study will also contribute to the understanding of the current debate on 

the role the emerging futures market plays in the price discovery process. The findings also 

have implications for policy makers who seek to develop policies for price stability of 

agricultural commodities. Understanding pricing mechanisms will inform policy makers, in 

terms of risks associated with controlling prices in the spot market, when the futures in China 

and futures in the US are strongly linked. 

The remainder of this chapter is organised as follows. Section 4.2 discusses the data 

used in the study, followed by the methodology in Section 4.3 and the findings in Section 4.4. 

Section 4.5 draws important conclusions of the study.  

4.2 Data 

The daily price series are obtained from Beijing Bric Agricultural Information Science 

Co., Ltd, which provides Chinese commodities futures prices, their corresponding underlying 

spot prices and the futures prices of agricultural commodities in the US market. The price series 

data are automatically collected by computers linked directly to the different commodity 

exchanges. The advantage of this automated electronic method of collecting data is that 

mistakes resulting from manual processing and time lags can be avoided. More specifically, 

this study employs the index continuous futures price series. The “index continuous”, a 

frequently used term in the futures literature, weights the price by the open interest of all 

available futures of the particular commodity. Using the “index continuous” series can ensure 

enough liquidity in the futures contracts and, therefore, the analysis results are more accurate. 
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Seven commodities and their futures are used for the analysis in this study: corn, cotton, 

soybean meal, soybean oil, soybean, sugar and wheat. Since these commodities were initially 

listed on the Chinese commodity exchange on different dates, the time interval of each 

commodity is adjusted and the longest available data period has been chosen. To ensure that 

the data in the Chinese and the US markets are comparable, non-matching data caused by 

holidays and non-trading dates have been deleted. Table 4.1 provides the sample period and 

corresponding commodity exchanges for each of the commodity futures  

Table 4.1: List of Commodity Futures 

Commodity  Sample Period the Chinese Market the US market 
Corn 24/09/2004-30/06/2014 DCE CBOT 
Cotton  04/01/2007-30/06/2014 ZCE ICE 
Soybean Meal 05/01/2004-30/06/2014 DCE CBOT 
Soybean Oil 09/01/2006-30/06/2014 DCE CBOT 
Soybean  07/09/2014-30/06/2014 DCE CBOT 
Sugar 6/01/2006-30/06/2014 ZCE ICE 
Wheat 01/04/2003-30/06/2014 ZCE CBOT 

 

4.2.1 Data Description  

Table 4.2 provides the summary statistics for the sample return series, including the 

number of observations, mean, standard deviation, skewness, kurtosis, minimum, maximum 

and Jarque-Bera test. 
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Table 4.2: Summary Statistics 

Notes: This table presents descriptive statistics for the sample return series. The No.Obs presents the number of observations of selected agricultural commodities. Then 
followed with mean, maximum, minimum, standard deviation (Std.Dev), skewness, kurtosis, and Jarque-Bera statistics. The unit for the futures contract in the Chinese 
market is RMB/Ton. For the US market, the unit for cotton and sugar is Cent/Pound. The unit for corn, soybean meal, soybean oil, soybean, and wheat is Cent/ Bushel. 
***, **, * presents the statistical significance of Jarque-Bera at the 1%, 5%, and 10% levels, respectively. 

Commodity/Markets No. Obs Mean Maximum Minimum Std.Dev. Skewness Kurtosis Jarque-Bera 
Corn         
Chinese Futures 2158 0.00 0.06 -0.06 0.01 0.09 9.43 3718.21 *** 
Chinese Spot 2158 0.00 0.04 -0.03 0.00 0.43 36.08 98476.91 *** 
US Futures 2158 0.00 0.09 -0.24 0.02 -0.87 13.60 10373.38 *** 
Cotton         
Chinese Futures 1726 0.00 0.06 -0.07 0.01 -0.13 7.50 1459.06 *** 
Chinese Spot 1726 0.00 0.07 -0.04 0.00 2.97 66.62 293613.30 *** 
US Futures 1726 0.00 0.60 -0.60 0.04 -0.15 158.55 1740113.00 *** 
Soybean Meal         
Chinese Futures 2300 0.00 0.21 -0.22 0.02 -0.26 48.74 200538.30 *** 
Chinese Spot 2300 0.00 0.08 -0.08 0.01 0.34 13.21 10037.95 *** 
US Futures 2300 0.00 0.39 -0.34 0.02 0.01 70.30 434111.3 *** 
Soybean Oil         
Chinese Futures 1760 0.00 0.13 -0.07 0.02 0.03 7.96 1801.70 *** 
Chinese Spot 1760 0.00 0.23 -0.23 0.01 0.50 90.67 563729.20 *** 
US Futures 1760 0.00 0.62 -0.59 0.03 0.64 252.93 4580614.00 *** 
Soybean         
Chinese Futures 2054 0.00 0.08 -0.11 0.01 -0.27 9.51 3653.66 *** 
Chinese Spot 2054 0.00 0.08 -0.10 0.01 -0.94 37.50 102167.60 *** 
US Futures 2054 0.00 0.20 -0.23 0.02 -0.32 22.50 32554.86 *** 
Sugar         
Chinese Futures 1878 0.00 0.06 -0.11 0.01 -0.53 8.66 2593.33 *** 
Chinese Spot 1878 0.00 0.07 -0.04 0.01 2.02 22.75 31803.07 *** 
US Futures 1878 0.00 0.76 -0.76 0.04 0.55 228.19 3968296.00 *** 
Wheat         
Chinese Futures 2434 0.00 0.09 -0.09 0.01 0.26 12.03 8295.46 *** 
Chinese Spot 2434 0.00 0.06 -0.06 0.00 0.71 55.36 278228.10 *** 
US Futures 2434 0.00 0.21 -0.22 0.03 0.01 14.89 14349.47 *** 
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It can be seen from Table 4.2 that the commodity futures returns are always more 

volatile than the underlying commodity returns in the Chinese markets, except for soybean and 

sugar. Commodity futures returns in China are always less volatile than futures returns in the 

US. Jarque-Bera statistics are used to test the null hypothesis that residuals are normally 

distributed. Given that the Jarque-Bera statistics for all return series are significant at the 1% 

level, the null hypothesis of normal distribution can be rejected for all cases and it can be 

concluded that all price series are not normally distributed. 

4.2.2 Data Analysis 

As a precondition and causality analysis, a unit root test is performed to examine 

whether a time series variable is non-stationary or not. If the price series are found to be non-

stationary, then the unit root test will be re-examined at first difference level (known as price 

returns). If the price returns are stationary, then it can be concluded that the price series are 

integrated of order one I (1). The unit root test in this study is based on the Augmented Dickey-

Fuller (ADF) test and the non-parametric Phillips-Perron (PP) approaches. In general, two 

forms of unit root tests are included, the intercept model and the model of both intercept and 

trend. The results of ADF and PP tests are reported in Table 4.3 and Table 4.4, respectively. 
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Table 4.3: Results for the Augmented Dickey-Fuller (ADF) Tests 

 ADF Test at Level   ADF Test at First Difference 
Commodity Intercept  Trend and Intercept  Intercept Trend and Intercept 
Corn       
Futures Price (C) -1.19 -1.93  -54.54 *** -54.54 *** 
 (0.68) (0.64)  (<0.01) (<0.01) 
Spot Price (C) -0.31 -2.64  -12.33 *** -12.34 *** 
 (0.92) (0.26)  (<0.01) (<0.01) 
Futures Price (US) -1.77 -1.59  -45.26 *** -45.27 *** 
 (0.40) (0.80)  (<0.01) (<0.01) 
Cotton       
Futures Price (C) -1.30 -0.93  -40.50 *** -40.51 *** 
 (0.63) (0.95)  (<0.01) (<0.01) 
Spot Price (C) -1.74 -1.75  -9.63 *** -9.64 *** 
 (0.41) (0.73)  (<0.01) (<0.01) 
Futures Price (US) -1.79 -1.68  -17.49 *** -17.50 *** 
 (0.38) (0.76)  (<0.01) (<0.01) 
Soybean Meal       
Futures Price (C) -2.45 -3.05  -34.98 *** -34.97 *** 
 (0.13) (0.12)  (<0.01) (<0.01) 
Spot Price (C) -2.06 -2.67  -21.61 *** -21.60 *** 
 (0.26) (0.25)  (<0.01) (<0.01) 
Futures Price (US) -1.98 -3.43**  -50.31 *** -50.30 *** 
 (0.29) (0.05)  (<0.01) (<0.01) 
Soybean Oil       
Futures Price (C) -2.15 -1.79  -27.32 *** -27.36 *** 
 (0.2268) (0.7078)  (<0.01) (<0.01) 
Spot Price (C) -2.09 -1.79  -24.87 *** -24.91 *** 
 (0.2507) (0.7087)  (<0.01) (<0.01) 
Futures Price (US) -2.22 -1.86  -57.02 *** -57.04 *** 
 (0.1981) (0.6730)  (<0.01) (<0.01) 
Soybean       
Futures Price (C) -1.65 -2.651  -31.54 *** -31.53 *** 
 (0.4555) (0.2584)  (<0.01) (<0.01) 
Spot Price (C) -1.36 -1.72  -15.43 *** -15.43 *** 
 (0.6027) (0.7435)  (<0.01) (<0.01) 
Futures Price (US) -1.60 -2.28  -55.70 *** -55.69 *** 
 (0.4803) (0.4450)  (<0.01) (<0.01) 
Sugar       
Futures Price (C) -1.29 -1.54  -44.07 *** -44.06 *** 
 (0.6380) (0.8173)  (<0.01) (<0.01) 
Spot Price (C) -1.00 -0.89  -15.25 *** -15.25 *** 
 (0.7552) (0.9557)  (<0.01) (<0.01) 
Futures Price (US) -1.87 -2.20  -22.82 *** -22.81 *** 
 (0.3446) (0.4913)  (<0.01) (<0.01) 
Wheat      
Futures Price (C) -1.04 -2.63  -56.04 *** -56.03 *** 
 (0.7421) (0.2650)  (<0.01) (<0.01) 
Spot Price (C) -0.40 -2.04  -18.71 *** -18.70 *** 
 (0.9068) (0.5811)  (<0.01) (<0.01) 
Futures Price (US) -2.21 -2.55  -57.88 *** -57.88 *** 
 (0.2026) (0.3034)  (<0.01) (<0.01) 

To be continued on next page 
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Table 4.3 continued  

Notes: Two forms of ADF tests for all prices series of selected agricultural commodities in three markets are 
tested. The two forms of test include ADF test with only intercept, as well as ADF test with both intercept and 
trend, are conducted both at price level and first difference. Both test statistics and corresponding p-values are 
reported. The optimal lag length for ADF test is determined by using Schwarz Information Criterion (SIC) with 
the maximum lag of 24. The critical values of ADF test without trend are -3.43, -2.86 and -2.57 at 1%, 5% and 
10% levels of statistical significance, respectively. The critical values of ADF test with trend are -3.96, -3.41and 
-3.13 at 1%, 5% and 10% levels of statistical significance, respectively.  The null hypothesis of ADF test is that 
the variable has a unit root. It can be rejected if the test statistics of ADF test is less than the critical value at 
the chosen significance level. ***, **,* represent rejection of the null hypothesis of a unit root at the 1%, 5% 
and 10% levels, respectively. 

 

The results of the ADF test suggest that the null hypothesis of the variable has a unit 

root. The unit root problem cannot be rejected at the price level for all price series and indicates 

that all price series are non-stationary at I (0). However, the null hypothesis can be rejected for 

all cases at I (1). This indicates that price returns series are stationary. If the data is not 

stationary at I (0), the cointegration test will be employed to examine the long-run equilibrium 

relationship. Further, the stationarity test is re-examined by using PP approach and results are 

reported in Table 4.4. 
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Table 4.4: Results for the Phillips Perron (PP) Tests 
 ADF Test at Level  ADF Test at First Difference 
Commodity Intercept Trend and Intercept Intercept Trend and Intercept 
Corn      
Futures Price (C) -1.19 -1.93  -54.54*** -54.54*** 
 (0.6815) (0.6374)  (<0.01) (<0.01) 
Spot Price (C) -0.31 -2.64  -12.33*** -12.34*** 
 (0.9212) (0.2624)  (<0.01) (<0.01) 
Futures Price (US) -1.77 -1.59  -45.26*** -45.27*** 
 (0.3975) (0.7986)  (<0.01) (<0.01) 
Cotton      
Futures Price (C) -1.30 -0.93  -40.50*** -40.51*** 
 (0.6303) (0.9512)  (<0.01) (<0.01) 
Spot Price (C) -1.74 -1.75  -9.63*** -9.64*** 
 (0.4105) (0.7277)  (<0.01) (<0.01) 
Futures Price (US) -1.79 -1.68  -17.49*** -17.50*** 
 (0.3847) (0.7606)  (<0.01) (<0.01) 
Soybean Meal      
Futures Price (C) -2.45 -3.05  -34.98*** -34.97*** 
 (0.1288) (0.1195)  (<0.01) (<0.01) 
Spot Price (C) -2.06 -2.67  -21.61*** -21.60*** 
 (0.2620) (0.2493)  v (<0.01) 
Futures Price (US) -1.98 -3.43**  -50.31*** -50.30*** 
 (0.2948) (0.0472)  (<0.01) (<0.01) 
Soybean Oil      
Futures Price (C) -2.15 -1.79  -27.32*** -27.36*** 
 (0.2268) (0.7078)  (<0.01) (<0.01) 
Spot Price (C) -2.09 -1.79  -24.87*** -24.91*** 
 (0.2507) (0.7087)  (<0.01) (<0.01) 
Futures Price (US) -2.22 -1.86  -57.02*** -57.04*** 
 (0.1981) (0.6730)  (<0.01) (<0.01) 
Soybean      
Futures Price (C) -1.65 -2.65  -31.54*** -31.53*** 
 (0.4555) (0.2584)  (<0.01) (<0.01) 
Spot Price (C) -1.36 -1.72  -15.43*** -15.43*** 
 (0.6027) (0.7435)  (<0.01) (<0.01) 
Futures Price (US) -1.60 -2.28  -55.70*** -55.69*** 
 (0.4803) (0.4450)  (<0.01) (<0.01) 
Sugar      
Futures Price (C) -1.29 -1.54  -44.07*** -44.06*** 
 (0.6380) (0.8173)  (<0.01) (<0.01) 
Spot Price (C) -1.00 -0.89  -15.25*** -15.25*** 
 (0.7552) (0.9557)  (<0.01) (<0.01) 
Futures Price (US) -1.87 -2.20  -22.82*** -22.81*** 
 (0.3446) (0.4913)  (<0.01) (<0.01) 
Wheat      
Futures Price (C) -1.04 -2.63  -56.04*** -56.03*** 
 (0.7421) (0.2650)  (<0.01) (<0.01) 
Spot Price (C) -0.40 -2.04  -18.71*** -18.70*** 
 (0.9068) (0.5811)  (<0.01) (<0.01) 
Futures Price (US) -2.21 -2.55  -57.88*** -57.88*** 
 (0.2026) (0.3034)  (<0.01) (<0.01) 

To be continued on next page  
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Table 4.4 continued  

Notes: The results of two forms of PP test for all prices series are reported in this table. The two forms of tests 
include PP test with intercept but without trend, and PP test with both intercept and trend. The test statistics 
and corresponding p-values are reported. The spectral estimation method in PP test is Bartlett Kernel, and the 
Bandwidth is Newey-West Bandwidth. The critical values of PP test with trend are -3.43, -2.86 and -2.57 at 
1%, 5% and 10% significance level, respectively. The critical values of PP test with trend are -3.96,-3.41 and 
-3.13 at 1%, 5% and 10% levels of statistical significance, respectively. The null hypothesis of PP test is that 
the variable has a unit root. It can be rejected by if the test statistics of PP test is less than the critical value at 
the chosen significance level. ***, **, * represent rejections of the null hypothesis of a unit root at the 1%, 5% 
and 10% levels, respectively. 

The results of the PP test further confirmed that the null hypothesis of the variable has 

a unit root. The unit root problem cannot be rejected at the price level for all price series and 

indicates that all price series are non-stationary at I (0). However, the null hypothesis can be 

rejected for all cases at I (1). This indicates that price returns series are stationary. If the data 

is not stationary at I (0), the cointegration test will be employed to examine the long-run 

equilibrium relationship. 

4.3 Methodology 

This study seeks to answer one main research question: Does information spill over 

among agricultural commodity spot/futures markets in China and the futures market in the US? 

To answer this question, three sub-questions have been raised. 1) What is the long-run 

relationship among markets? 2) How does information transmit among them? 3) What is the 

impact of the GFC on information transmission?  

In accordance with the research questions, this study employs both bivariate and 

multivariate Johansen cointegration tests17 to examine the long-run equilibrium relationships. 

The short-run dynamics are also analysed using bivariate and multivariate VECM models. 

Finally, the Granger-causality tests are used to check for robustness.   

                                                           
17 The Johansen cointegration test has been widely used in previous studies when examining the long-run 
equilibrium. Consistent with previous literature, we also employ the Johansen cointegration test for the long-run 
analysis.   
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4.3.1 Johansen Cointegration Test 

The Johansen cointegration test is employed to determine whether a group of non-

stationary series are cointegrated (Johansen, 1991).18 Multivariate Johansen cointegration tests 

on three markets are conducted.  Bivariate Johansen tests between each pair of the three markets 

are also carried out. The Johansen cointegration procedure is a maximum likelihood method 

that determines the number of cointegrating vectors in a non-stationary time series. Johansen’s 

estimation model can be specified as follows:  

∆𝑋𝑋𝑡𝑡 = 𝜇𝜇 + ∑ Γ𝑗𝑗𝐾𝐾−1
𝑗𝑗=1 Δ𝑋𝑋𝑡𝑡−𝑗𝑗 + ∏ 𝑋𝑋𝑡𝑡−𝑗𝑗𝑗𝑗 + 𝜀𝜀𝑡𝑡                          (4.1) 

where Xt is an (n×1) vector of the spot/futures in China and futures prices in US on order I (1); 

∆Xt equals the difference between Xt and Xt-1; µ is a deterministic component, representing 

an intercept term or a linear trend or both; ∏ and Γ are coefficient matrices; j is the lag length 

based on the Hannan-Quinn criteria and εt represents a random error term. The existence of a 

cointegration relationship can be determined by analysing the rank of the coefficient matrix ∏, 

based on the number of cointegrating vectors. The two tests are the maximum eigenvalue test 

and the trace test statistics.  

4.3.2 VECM Model 

Market by Market Analysis     

To examine the relationship between each pair of markets, a bivariate VECM model is 

used. The bivariate VECM can be specified as follows: 

                                                           
18 The ADF and PP tests are employed to examine the stationarity of the data. The results show that all price 
series are non-stationary, but that they are stationary on order I (1). The results are not reported but available 
upon request. 
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∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 + ∑ 𝛿𝛿𝑖𝑖,𝑗𝑗∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘
𝑗𝑗=1 +∑ 𝜑𝜑𝑖𝑖,𝑗𝑗∆𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘

𝑗𝑗=1 + 𝜀𝜀𝑖𝑖,𝑡𝑡       (4.2) 

∆𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 + ∑ 𝛿𝛿𝑖𝑖,𝑗𝑗∆𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘
𝑗𝑗=1 + ∑ 𝜑𝜑𝑖𝑖,𝑗𝑗∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘

𝑗𝑗=1 + 𝜀𝜀𝑖𝑖,𝑡𝑡         (4.3) 

∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 + ∑ 𝛿𝛿𝑖𝑖,𝑗𝑗∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘
𝑗𝑗=1 +∑ 𝜑𝜑𝑖𝑖,𝑗𝑗∆𝑓𝑓_𝑢𝑢𝑠𝑠𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘

𝑗𝑗=1 + 𝜀𝜀𝑖𝑖,𝑡𝑡    (4.4) 

∆𝑓𝑓_𝑢𝑢𝑠𝑠𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 + ∑ 𝛿𝛿𝑖𝑖,𝑗𝑗∆𝑓𝑓_𝑢𝑢𝑠𝑠𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘
𝑗𝑗=1 + ∑ 𝜑𝜑𝑖𝑖,𝑗𝑗∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗𝑘𝑘

𝑗𝑗=1 + 𝜀𝜀𝑖𝑖,𝑡𝑡  (4.5) 

where Δ is the first difference operator, f_ci,t stands for the future prices of commodity i in 

China at time t. The s_ci,t−j represents the spot price of commodity i in China at time t-j. The 

variable f_usi,t−j is the future prices of commodity i in the US at time t-j; αi,t is a constant term, 

and βi,t , δi,t , µi,t  and φi,t  are the coefficient estimators; ecti,t−1 is the error correction term 

obtained from the VECM model; j is the lag length and  εi,t is a white noise error term.  

Multivariate VECM Model  

A multivariate VECM model is employed to examine patterns of price transmission 

across three markets and to describe price interactions among various markets. If the prices 

traded in these three markets are cointegrated, a short-run relationship or price transmission 

can be explained through a VECM model. The VECM model can be written as follows: 

∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 + ∑ 𝛿𝛿𝑖𝑖,𝑗𝑗𝑘𝑘
𝑗𝑗=1 ∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗 + ∑ 𝜇𝜇𝑖𝑖,𝑗𝑗𝑘𝑘

𝑗𝑗=1 ∆𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗 + ∑ 𝜑𝜑𝑖𝑖,𝑗𝑗𝑘𝑘
𝑗𝑗=1 ∆𝑓𝑓_𝑢𝑢𝑠𝑠𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝜀𝜀𝑖𝑖,𝑡𝑡                   (4.6)                                                                                                                                                                                       

∆𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 + ∑ 𝛿𝛿𝑖𝑖,𝑗𝑗𝑘𝑘
𝑗𝑗=1 ∆𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗 + ∑ 𝜇𝜇𝑖𝑖,𝑗𝑗𝑘𝑘

𝑗𝑗=1 ∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗 + ∑ 𝜑𝜑𝑖𝑖,𝑡𝑡𝑘𝑘
𝑗𝑗=1 ∆𝑓𝑓_𝑢𝑢𝑠𝑠𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝜀𝜀𝑖𝑖,𝑡𝑡                     (4.7)                                                                                                    

∆𝑓𝑓_𝑢𝑢𝑠𝑠𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 + ∑ 𝛿𝛿𝑖𝑖𝑘𝑘
𝑗𝑗=1 ∆𝑓𝑓_𝑢𝑢𝑠𝑠𝑖𝑖,𝑡𝑡−𝑗𝑗 + ∑ 𝜇𝜇𝑖𝑖,𝑗𝑗𝑘𝑘

𝑗𝑗=1 ∆𝑓𝑓_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗 + ∑ 𝜑𝜑𝑖𝑖,𝑡𝑡𝑘𝑘
𝑗𝑗=1 ∆𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝜀𝜀𝑖𝑖,𝑡𝑡                 (4.8) 

where Δ is the first difference operator, f_ci,t stands for the future prices of commodity i in 

China at time t. The 𝑠𝑠_𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗  represents the spot price of commodity i in China at time t-j; 

f_usi,t−j is the future prices of commodity i in the US at time t-j;  𝛼𝛼𝑖𝑖 is a constant term, 𝛽𝛽𝑖𝑖, 𝛿𝛿𝑖𝑖,𝑗𝑗, 
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𝜇𝜇𝑖𝑖,𝑗𝑗 and 𝜑𝜑𝑖𝑖,𝑗𝑗 are the coefficient estimators; 𝑒𝑒𝑐𝑐𝑒𝑒𝑖𝑖,𝑡𝑡−1 is the error correction term obtained from 

the VECM model; j is the lag length and  εi,t is a white noise error term.  

4.4 Empirical Results 

4.4.1 The Long-run Analysis 

The Johansen cointegration test is employed to test whether there are long-run 

equilibrium relationships among various markets, with the optimal lag length in the equations 

being chosen based on the AIC criteria. The long-run equilibrium relationship among three 

markets is further examined by using the bivariate as well as multivariate cointegration 

analyses. Table 4.5 presents the results of the bivariate Johansen cointegration tests; Table 4.6 

provides the results of multivariate Johansen cointegration tests.  
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Table 4.5: Bivariate Johansen Cointegration Test 
 

F_C↔S_C F_C↔F_US S_C↔F_US F_C↔S_C F_C↔F_US S_C↔F_US 
Commodity 𝝀𝝀𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕    p-value 𝝀𝝀𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕     p-value 𝝀𝝀𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕    p-value 𝝀𝝀𝒎𝒎𝒕𝒕𝒎𝒎     p-value 𝝀𝝀𝒎𝒎𝒕𝒕𝒎𝒎     p-value 𝝀𝝀𝒎𝒎𝒕𝒕𝒎𝒎     p-value 
Corn 
H0: r=0 31.75*** <0.01 7.08 0.57 6.28 0.66 30.19*** 0.00 6.00 0.61 5.97 0.62 
H0: r<=1 1.56 0.21 1.08 0.30 0.31 0.58 1.56 0.21 1.08 0.30 0.31 0.58 
Cotton 
H0: r=0 19.04** 0.01 21.08*** 0.01 16.31** 0.04 16.68** 0.02 17.91** 0.01 14.11* 0.05 
H0: r<=1 2.36 0.12 3.16* 0.08 2.19 0.14 2.36 0.12 3.16* 0.08 2.19 0.14 
Soybean meal 
H0: r=0 17.38** 0.03 17.54** 0.02 15.11* 0.06 12.57* 0.09 14.77** 0.04 11.91 0.11 
H0: r<=1 4.82** 0.03 2.77 0.10 3.19* 0.07 4.82** 0.03 2.77* 0.10 3.19* 0.07 
Soybean oil 
H0: r=0 24.40*** <0.01 24.08**

* 
<0.01 17.97** 0.02 19.68*** 0.01 16.73** 0.02 12.81* 0.08 

H0: r<=1 4.72** 0.03 7.35** 0.01 5.16** 0.02 4.72** 0.03 7.35*** 0.01 5.16** 0.02 
Soybean 
H0: r=0 29.69**

* 
<0.01 18.74** 0.02 23.86**

* 
0.00 26.84**

* 
0.00 15.78** 0.03 21.65**

* 
0.00 

H0: r<=1 2.85* 0.09 2.97* 0.09 2.21 0.14 2.85* 0.09 2.97* 0.09 2.21 0.14 
Sugar 
H0: r=0 17.46** 0.03 19.62** 0.01 18.52** 0.02 16.32** 0.02 17.65** 0.01 17.08** 0.02 
H0: r<=1 1.147 0.28 1.98 0.16 1.44 0.23 1.15 0.28 1.98 0.16 1.44 0.23 
Wheat 
H0: r=0 10.89 0.22 10.61 0.24 5.96 0.70 10.72 0.17 8.55 0.33 5.50 0.68 
H0: r<=1 0.17 0.68 2.06 0.15 0.46 0.50 0.17 0.68 2.06 0.15 0.46 0.50 

Notes: This table presents the results of the bivariate Johansen cointegration tests. The long-run equilibrium between futures and spot prices in China, futures prices in China 
and the US as well as the spot price in China and the futures price in the US are examined. The null hypothesis is that there is no cointegrating vector. Both trace and 
maximum eigenvalue test results and the corresponding p-value are reported. The F_C represents the futures returns in China, the S_C represents the spot returns in China 
and the F_US presents the futures returns in the US. ***, **, * indicates rejection of the null hypothesis at the 1%, 5%, and 10% levels of significance, respectively.   
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The bivariate Johansen cointegration tests examine the long-run equilibrium 

relationship between each pair of markets for each individual commodity. The null hypothesis 

is that there is no cointegration between the two series. For the test of the long-run equilibrium 

between futures and spot prices in China, the trace and max eigenvalue statistics present 

consistent results by rejecting the null hypothesis that there is no cointegration between futures 

and spot prices in China for all selected agricultural commodities, except for wheat. The 

inefficiency or no cointegration between futures and spot market may be due to the market 

manipulation by large traders and government regulation (Bhar & Hamori, 2006; Wang & Ke, 

2005). Wheat, considered to be one of the most important food grains, is highly associated with 

the national food security and is a high priority concern for the government in China with 

regards to policy making. For this reason, the government takes more control over the wheat 

price than any other agriculture commodity price. Thus the wheat spot price is highly 

influenced by these government interventions, in terms of minimum support price and market 

assurance, through the procurement by the Food Corporation of China. As a result, the wheat 

futures price deviates from the wheat spot price, which indicates that there is no long-run 

equilibrium between spot and futures prices in the wheat market in China. 

In terms of the test for the long-run relationship between futures in China and in the US, 

the trace and max eigenvalue statistics present consistent results by rejecting the null hypothesis 

that there is no cointegration between futures in China and the US for all selected agricultural 

commodity futures, except for corn and wheat. The last part of Table 4.5 presents the results 

for the long-run equilibrium between the spot price in China and the futures price in the US. 

Unlike the results for the other two parts, the trace and max eigenvalue statistics show 

inconsistent results, indicating that there is no direct long-run equilibrium relationship between 

spot prices in China and futures prices in the US. To verify the bivariate results, multivariate 
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Johansen cointegrations are conducted to further test whether the three markets (spot/futures 

in China and futures in the US) are correlated with each other in the long run. 

Table 4.6: Multivariate Johansen Cointegration Test 

Commodity 𝝀𝝀𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 p-value 𝝀𝝀𝐦𝐦𝐦𝐦𝐦𝐦       p-value 
Corn 

 
  

H0: r=0 42.96*** <0.01 36.54*** <0.01 
H0: r<=1 6.42 0.65 5.70 0.65 
H0: r<=2 0.72 0.40 0.72 0.40 
Cotton 

 
  

H0: r=0 38.12*** <0.01 19.96* 0.07 
H0: r<=1 18.16** 0.02 15.50** 0.03 
H0: r<=2 2.66 0.10 2.66 0.10 
Soybean Meal 

 
  

H0: r=0 31.48** 0.03 18.21 0.12 
H0: r<=1 13.27 0.11 10.56 0.18 
H0: r<=2 2.71 0.10 2.71* 0.10 
Soybean Oil  

 
  

H0: r=0 58.89*** <0.01 37.54*** <0.01 
H0: r<=1 21.35*** 0.01 14.29** 0.05 
H0: r<=2 7.06*** 0.01 7.06*** 0.01 
Soybean 

 
  

H0: r=0 45.00*** <0.01 26.75*** 0.01 
H0: r<=1 18.25** 0.02 15.42** 0.03 
H0: r<=2 2.83* 0.09 2.83* 0.09 
Sugar 

 
  

H0: r=0 38.40*** <0.01 21.14** 0.05 
H0: r<=1 17.26** 0.03 15.82** 0.03 
H0: r<=2 1.43 0.23 1.43 0.23 
Wheat 

 
  

H0: r=0 21.68 0.32 14.66 0.31 
H0: r<=1 7.02 0.57 6.42 0.56 
H0: r<=2 0.60 0.44 0.60 0.44 
Notes: The table reports the results for Johansen cointegration tests on the price series of Chinese futures, 
Chinese spot, and the US futures. The null hypothesis is that there are at most r cointegrating vectors. Both 
trace and maximum eigenvalue test results and the corresponding p-values are reported. ***, **, * indicate 
significance at 1%, 5%, and 10%, respectively. 

Both trace and max eigenvalue tests reject the null hypothesis of no cointegration in 

most cases, except for soybean meal and wheat. The results from trace and the max eigenvalue 

tests indicate that there is one cointegrating equation at the 1% significance level. This means 

that there is one linear combination existing between the variables over the sample period. For 

cotton and sugar, the null hypothesis is rejected at most one cointegrating vector, which 
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indicates that there are two cointegrating equations existing over the sample period. However, 

the null hypotheses are rejected for soybean oil and soybean in all cases.  

4.4.2 Short-run Analysis 

The VECM analysis is employed to examine both the long-run linkages and short-run 

dynamics. Both market-to-market (bivariate) and multivariate VECM analyses are conducted. 

Table 4.7: Market to Market Analysis 

Panel A: Futures China ↔Spot China     
 Spot_C to Futures_C Futures_C to Spot_C 
Commodity Long-run Short-run Long-run Short-run 
 Coefficient F-statistic Chi-squared Coefficient F-statistic Chi-squared 
Corn -0.13e-2 1.14 9.12 -0.01*** 1.36 10.90 
 (0.69) (0.33) (0.33) (<0.01) (0.21) (0.21) 
Cotton -0.01 9.10*** 54.60*** -0.49e-2*** 63.37*** 380.24*** 
 (0.31) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Soybean Meal -0.01* 8.22*** 32.88*** -0.34e-2* 38.22*** 152.87*** 
 (0.07) (<0.01) (<0.01) (0.08) (<0.01) (<0.01) 
Soybean Oil -0.01 6.17*** 61.72*** -0.02*** 20.53*** 20.53*** 
 (0.32) (<0.01) (<0.01) (0.01) (<0.01) (<0.01) 
Soybean -0.18e-2 1.63 9.75 -0.01*** 8.08*** 48.49*** 
 (0.66) (0.14) (0.14) (<0.01) (<0.01) (<0.01) 
Sugar -0.01 2.62*** 20.97*** -0.47e-2** 22.35*** 178.82*** 
 (0.16) (0.01) (0.01) (0.02) (<0.01) (<0.01) 
Panel B: Futures China ↔ Futures US     
 Futures_US to Futures_C Futures_C to Futures_US 
Commodity Long-run Short-run Long-run Short-run 
 Coefficient F-statistic Chi-squared Coefficient F-statistic Chi-squared 
Cotton 0.01* 7.14*** 57.16*** -0.46e-2*** 46.68*** 373.46*** 
 (0.09) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Soybean Meal -0.02*** 64.69*** 323.45*** 0.22e-2 4.51*** 22.56*** 
 (<0.01) (<0.01) (<0.01) (0.49) (0.00) (0.00) 
Soybean Oil 0.00 31.26*** 187.54*** -0.03*** 10.60*** 74.20*** 
 (0.52) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Soybean -0.01* 43.21*** 259.26*** -0.02*** 2.53** 15.16** 
 (0.08) (<0.01) (<0.01) (0.01) (0.02) (0.02) 
Sugar -0.01** 12.03*** 72.20*** -0.01*** 4.63*** 27.77*** 
 (0.01) (<0.01) (<0.01) (0.03) (<0.01) (<0.01) 

Notes: This table reports the bivariate VECM analyses. Panel A presents both the long-run and short-run 
dynamics between futures and spot prices in China. Panel B presents the long-run and short-run dynamics 
between futures prices in China and the US. The coefficient estimates and p-values are reported for the long 
run. The F-statistics and Chi-squared test statistics and their corresponding p-value are presented for the short-
run analysis. The lag length is selected based on AIC criteria. The Futures_C represents the futures prices in 
China, the Spot_C represents the spot prices in China and the F_US presents the futures prices in the US. ***, 
**, * indicates the significance at 1%, 5% and 10%, respectively.  

 



Chapter 4 Information Transmissions 

123 
 

Table 4.7 presents the results for bivariate VECM analyses. The commodities, which 

do not show significant long-run equilibrium in the Johansen cointegration tests, have been 

dropped for the VECM analyses. In particular, wheat has been excluded in Panel A, and corn 

and wheat have been excluded in Panel B. 

Panel A shows that the information spills over from futures to the underlying spot 

market in the long run. For short-run dynamics, cotton, soybean meal, soybean oil and sugar 

show bi-directional linkages between futures and spot prices in China, whereas the information 

in the soybean futures price leads its spot price in China. Corn does not show a short-run 

relationship. These results indicate that investors trade in both spot and futures markets; 

therefore, the information goes from futures markets to spot markets and vice versa. 

Panel B presents the information linkage between futures in China and futures in the 

US. Cotton, soybean, and sugar show a bi-directional long-run equilibrium between China and 

the US; the information contained in the soybean meal futures spills over from the US to China. 

However, the soybean oil futures price in China leads the soybean oil futures price in the US. 

The short-run results are also noteworthy. The bi-directional relationship is present in all cases, 

indicating that the information contained in the futures price in China has a significant impact 

on the futures price in the US and vice versa. This result is different from previous results, 

which showed that larger, more liquid, more efficient markets play an information discovery 

role compared to smaller, less liquid, less efficient markets (Booth & Ciner, 1997; Hua & Chen, 

2007; Hua et al., 2010; Liu & An, 2011; Xu & Fung, 2005). The bi-directional linkage indicates 

that China has become increasingly important for commodity markets and that it has started 

playing an important role in the global commodity price discovery process. 
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Table 4.8: Multivariate VECM Analysis 

Panel A: Long-Run      
Dependent Variable/Commodity Corn Cotton Soybean Meal Soybean Oil Soybean Sugar 
Futures_C -0.16e-2 -0.01 -0.02*** 0.02 -0.01** -0.02*** 
 (0.66) (0.31) <0.01 (0.13) (0.05) (0.01) 
Spot_C -0.01*** -0.44e-2*** 0.02e-2 -0.03*** -0.01*** -0.43e-2** 
 <0.01 <0.01 (0.41) <0.01 <0.01 (0.03) 
Futures_US -0.21e-2* -0.02*** 0.27e-2 -0.03*** -0.01** -0.02** 
 (0.09) <0.01 (0.42) <0.01 (0.02) (0.02) 
Panel B: Short-Run 
Commodity Market Dependent Variable: Futures_C Dependent Variable: Spot_C Dependent Variable: Futures_US 
  F-statistic p-value Chi-squared  -value F-statistic  p-value Chi-squared p-value F-statistic p-value Chi-squared p-value 
Corn Futures_C   1.30                 0.24 10.38                 0.24 0.68            0.71 5.44              0.71 
 Spot_C 1.42             0.18 11.35               0.18   2.26**        0.02 18.07**        0.02 
 Futures_US 14.29***     <0.01 114.33***       <0.01 1.06                 0.39 8.47                   0.39   
Cotton Futures_C   35.03***         <0.01 280.23***       <0.01 4.62***      <0.01 36.94***      <0.01 
 Spot_C 6.57***       <0.01 52.52***         <0.01   2.27**        0.02 18.14**        0.02 
 Futures_US 7.08***       <0.01 56.62***         <0.01 1.93*               0.05 15.44*               0.05   
Soybean Meal Futures_C   18.97***         <0.01 75.88***         <0.01 3.28**        0.01 13.10**        0.01 
 Spot_C 4.70***       <0.01 18.82***         <0.01   1.30            0.27 5.20              0.27 
 Futures_US 75.43***     <0.01 301.74***       <0.01 60.12***         <0.01 240.50***       <0.01   
Soybean Oil Futures_C   13.27***         <0.01 106.13***       <0.01 8.15***      <0.01 65.21***      <0.01 
 Spot_C 3.25***       <0.01 25.99***         <0.01   1.26            0.26 10.05            0.26 
 Futures_US 22.38***     <0.01 179.03***       <0.01 5.38***           <0.01 43.01***         <0.01   
Soybean Futures_C   1.75                 0.10 10.53               <0.01 2.54**        0.02 15.23**        0.02 
 Spot_C 3.17***      <0.01 18.98***         <0.01   0.67            0.67 4.03              0.67 
 Futures_US 44.25***   <0.01 265.51***       <0.01 9.94***           <0.01 59.61***         <0.01   
Sugar Futures_C   26.08***         <0.01 156.46***       <0.01 4.97***      <0.01 29.84***      <0.01 
 Spot_C 2.85***       0.01 17.13***         0.01   1.42              0.20 8.53              0.20 
 Futures_US 12.14***     <0.01 72.86***         <0.01 3.50***           <0.01 21.01***         <0.01   

Notes: This table presents the multivariate VECM analyses. Corn, cotton, soybean meal, soybean oil, soybean, and sugar are employed for the analysis. Panel A presents the multivariate 
long-run results with Chinese futures prices, Chinese spot prices, and the US futures prices as the dependent variable, respectively. Panel B reports the short-run results with F-test and 
Chi-squared statistics.  Both coefficient estimates and the corresponding p-values are reported. The Futures_C represents the futures prices in China, the Spot_C represents the spot 
prices in China and the Futures_US presents the futures prices in the US. ***, **, and * indicates the significance at 1%, 5%, and10%, respectively. 
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Table 4.8 shows the multivariate VECM results. Panel A presents the results of the 

long-run relationship, where the spot prices in the Chinese market are affected more by Chinese 

futures prices and US futures prices, while the futures prices in the US are affected more by 

spot prices and futures price in China. 

Panel B reports the results of short-run dynamics. Using Chinese futures prices as the 

dependent variable, the results show that futures prices in the US and spot prices in China both 

lead futures prices in China, except for the spot price of corn in China. This result is consistent 

with the bivariate VECM analysis, which shows an insignificant short-run relationship between 

Chinese spot price and futures price in the corn market. When Chinese spot price is used as the 

dependent variable, futures prices in both China and the US have a significant impact on spot 

prices in China for all selected commodities except for corn. Lastly, when the US futures price 

is the dependent variable, futures prices in China are significantly correlated with the US 

futures prices for cotton, soybean meal, soybean oil, soybean and sugar. In addition, spot prices 

in China also have significant relationships with the US futures prices for cotton and corn. 

These multivariate results further confirm the significant role that the Chinese commodity 

market (both futures and spot markets) has played in the global context. 

4.4.3 The GFC Sub-sample Tests 

Prices of commodities are affected by economic and political conditions. For instance, 

weak economic conditions may reduce the consumption power and may lead to a fall in demand, 

which results in a movement in prices. In accordance with changes in economic conditions, the 

sample period has been further divided into three sub-periods: pre-GFC, GFC and post-GFC. 

The pre-GFC period is specified as the starting date of the sample period to the end of 

December 2006. Due to different starting dates for different commodities, the pre-GFC periods 
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vary for different commodities.19 The GFC period is specified as January 2007 to March 2009. 

The post-GFC period is from April 2009 to June 2014. Bivariate and multivariate GFC sub-

sample tests are both employed for the analysis.20 Table 4.9 and Table 4.10 contain the bivariate 

Granger-causality test results for the causal relationships between futures and spot returns in 

China and between futures returns in China and the US. 

 

 

 

 

 

 

 

 

 

 

 

                                                           
19 The sample period for cotton starts from January 2007 and, therefore, no pre-GFC sample is available for 
cotton. 
20 The use of VECM is based on the existence of the long-run equilibrium. However, the sub-sample is too short 
to run the long-run equilibrium tests. Therefore, in the GFC subsample the Granger-causality tests are employed 
for the analysis. 
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Table 4.9: Bivariate Granger-Causality Tests 

Commodity Pre-GFC GFC Post-GFC 
Panel A: Spot to Futures in China 
 Chi-

squared 
p-value Chi-squared p-value Chi-squared p-value 

Corn 20.18** 0.03 21.20*** <0.01 4.86  0.43 
Cotton   -- -- 28.26*** <0.01 137.44*** <0.01 
Soybean Meal 20.51** 0.02 8.52*   0.07 25.10*** <0.01 
Soybean Oil 35.26** 0.04 62.98*** <0.01 8.98  0.17 
Soybean 9.55* 0.09 4.53   0.61 7.31  0.29 
Sugar 0.91 0.63 6.67*   0.08 49.55*** <0.01 
Panel B: Futures to Spot in China 
 Chi-

squared 
p-value Chi-squared p-value Chi-squared p-value 

Corn 21.02**   0.02 29.33*** <0.01 13.35**   0.02 
Cotton    -- -- 55.87*** <0.01 397.94*** <0.01 
Soybean Meal 57.63*** <0.01 42.35*** <0.01 70.53*** <0.01 
Soybean Oil 54.39*** <0.01 81.97*** <0.01 221.96*** <0.01 
Soybean 14.84**   0.01 38.31*** <0.01 25.53*** <0.01 
Sugar 11.34*** <0.01 48.05*** <0.01 163.56*** <0.01 
Panel C: Futures in the US to futures in China 
 Chi-

squared 
p-value Chi-squared p-value Chi-squared p-value 

Corn 51.86***   0.00 12.83*** <0.01 62.08*** <0.01 
Cotton     -- -- 63.23*** <0.01 40.30*** <0.01 
Soybean Meal 42.88*** <0.01 151.50*** <0.01 181.42*** <0.01 
Soybean Oil 9.63*** <0.01 199.26*** <0.01 75.06*** <0.01 
Soybean 84.51*** <0.01 89.08*** <0.01 118.26*** <0.01 
Sugar 40.22 <0.01 5.94*   0.05 189.51*** <0.01 
Panel D: Futures in China to futures in the US 
 Chi-

squared 
p-value Chi-squared p-value Chi-squared p-value 

Corn 13.41**   0.02 4.43  0.11 0.90  0.64 
Cotton    -- -- 6.93**  0.03 61.59*** <0.01 
Soybean Meal 27.21*** <0.01 1.88  0.87 5.74  0.45 
Soybean Oil 0.31 0.86 27.10*** <0.01 83.67***  0.00 
Soybean 8.37** 0.04 6.76*  0.08 5.00  0.17 
Sugar 5.42* 0.07 2.35  0.31 52.06***  0.01 

Notes: This table presents the results for bivariate Granger-causality tests for spot and futures returns in China 
and futures in China and the US, during the GFC period. Panel A presents the results of the null hypothesis that 
spot return in China does not Granger-cause the futures return in China. Panel B shows the results of the null 
hypothesis that the futures return in China does not Granger-cause the spot return in China. Panel C presents 
the results of the null hypothesis that the futures return in the US does not Granger-cause the futures return in 
China. Panel D shows the results of the null hypothesis that the futures return in China does not Granger-cause 
the futures return in China. The Chi-squared statistics and the corresponding p-value are reported. ***, **, * 
represent the level of significance at 1%, 5%, and 10%, respectively. 

Panel A shows that the null hypothesis, the spot return does not Granger-cause the 

futures return in China prior to the GFC, can be rejected for most cases at the 5% significance 

level, indicating that the spot returns of corn, soybean meal, soybean oil and soybean carry 

valuable information to forecast their futures returns in China. During the GFC period, the null 

hypothesis, which shows the spot return does not Granger-cause the futures return in China, is 
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rejected in all cases except for soybean. This indicates that during the crisis period, the 

information content in spot return becomes more valuable for predicting the futures price 

movement in China. During the post-GFC period, the information contained in the spot markets 

becomes less valuable as the spot return Granger-causes the futures return in China for only 

cotton, soybean meal and sugar. 

Panel B shows the testing results for the null hypothesis that futures return does not 

Granger-cause the spot return in China. The null hypothesis is rejected for all selected 

commodities for pre-GFC, GFC and post-GFC periods, indicating that the information content 

in futures return consistently Granger-causes the spot return in China and the results remain 

unchanged under different economic conditions. 

The null hypothesis that futures return in the US does not Granger-cause futures return 

in China is consistently rejected for all selected agricultural commodities, as shown in Panel C. 

This indicates that futures return in the US can forecast the futures return in China regardless 

of the economic conditions. Panel D reports the results of testing whether the futures return in 

China can Granger-cause the futures return in the US. Compared to the results in Panel A, the 

results for different commodities in Panel B are inconsistent.21 The null hypothesis that futures 

return in China does not Granger-cause futures return in the US, is rejected at 5% and 1% for 

corn and soybean meal futures, respectively, in the pre-GFC period. However, it is not rejected 

during the GFC and post-GFC periods. For cotton and soybean oil futures, the futures return in 

China leads the futures return in the US during the GFC and post-GFC periods. The results for 

soybean futures show that futures returns in China leads futures returns in the US in the pre-

                                                           
21 This study also examines the relationship between disposable incomes in China and increase in agricultural 
commodity prices and finds no relationship between them. 
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GFC and GFC periods and the results for sugar indicate that the null hypothesis is not rejected 

during the GFC period. 

Table 4.10: Multivariate the GFC Sub-sample Test 

Multivariate Granger-Causality Test 
Commodity Market Pre-GFC GFC Post-GFC 
Panel A 
Corn S_C 11.87 0.10 19.19***        <0.01 8.05                   0.78 
 F_US 47.37*** <0.01 21.10***        <0.01 84.22***           <0.01 
Cotton S_C       --                     -- 33.69***        <0.01 138.92***         <0.01 
 F_US       --                     -- 91.83***        <0.01 55.86***           <0.01 

Soybean Meal S_C 21.92**        0.03 11.11**          0.03 20.65***           <0.01 
F_US 42.40***      <0.01 136.51***     <0.01 175.56***         <0.01 

Soybean Oil S_C 35.96            0.21 44.87***        <0.01 11.32                 0.18 
F_US 41.60*          0.08 173.98***      <0.01 75.62***           <0.01 

Soybean S_C 5.96              0.20 8.52                0.20 8.36**               0.04 
F_US 85.62***      <0.01 99.85***        <0.01 122.00***         <0.01 

Sugar S_C 2.20              0.36 7.01*              0.07 41.32***           <0.01 
 F_US 41.18***      <0.01 6.06                0.11 109.91***         <0.01 
Panel B 
Corn F_C 18.48*** 0.01 24.79*** <0.01 24.81** 0.02 
 F_US 32.40*** <0.01 2.41 0.88 39.05*** <0.01 
Cotton F_C     -- -- 61.81*** 0.00 309.55*** <0.01 
 F_US     -- -- 11.06 0.44 60.23*** <0.01 

Soybean Meal F_C 43.58*** <0.01 20.40*** <0.01 30.24*** <0.01 
F_US 39.97*** <0.01 193.56*** <0.01 119.39*** <0.01 

Soybean Oil F_C 65.49*** <0.01 39.39*** <0.01 196.40*** <0.01 
F_US 37.65 0.16 109.77*** <0.01 11.25 0.19 

Soybean F_C 4.18 0.38 14.14** 0.03 7.0218* 0.07 
F_US 5.97 0.20 34.03*** <0.01 39.99*** <0.01 

Sugar F_C 8.20** 0.02 43.45*** <0.01 148.88*** <0.01 
F_US 9.48*** 0.01 0.56 0.91 76.93*** <0.01 

Panel C 
Corn F_C 15.69** 0.03 5.66 0.46 10.54 0.57 
 S_C 18.39** 0.01 2.87 0.82 20.79* 0.05 
Cotton F_C     -- -- 10.05 0.53 77.14*** <0.01 
 S_C     -- -- 20.42** 0.04 82.86*** <0.01 

Soybean Meal F_C 21.59** 0.03 1.01 0.91 4.43 0.62 
S_C 21.71** 0.03 5.77 0.22 2.97 0.81 

Soybean Oil F_C 56.56*** <0.01 22.72** 0.02 69.88*** <0.01 
S_C 52.29*** 0.01 18.25* 0.08 3.95 0.86 

Soybean F_C 12.51** 0.01 11.25* 0.08 5.32 0.15 
 S_C 4.72 0.32 10.61 0.10 1.67 0.64 
Sugar F_C 2.07 0.36 8.84** 0.03 40.51*** <0.01 

 S_C 2.82 0.24 8.21** 0.04 26.42 0.15 
Notes: This table presents the results of multivariate Granger-causality tests for pre-GFC, GFC, and post-GFC sub-samples. 
The pre-GFC period is considered as the starting date of the sample period to December 2006 for each commodity. The 
GFC period is specified as January 2007 to March 2009 and the post-GFC is specified as April 2009 to June 2015. Panel 
A presents the results when futures return in China is the dependent variable. Panel B presents the results when spot return 
in China is the dependent variable. Panel C presents the results when futures return in the US is the dependent variable. 
Both Chi-squared statistics and its corresponding p-value are reported. The F_C represents the futures returns in China, 
the S_C represents the spot returns in China and the F_US presents the futures returns in the US. ***, **, * represent the 
level of significance at 1%, 5%, and 10%, respectively. 
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The results show that futures returns in China were affected more by the futures returns 

in the US during the pre-GFC period. The result for corn, soybean meal, soybean and sugar 

show that the futures returns in the US lead futures returns in China at the 5% significant level. 

From the GFC period, the spot returns in China have started to play a price discovery role in 

futures returns in China, of which the estimates for corn, cotton, soybean meal, and soybean 

oil are significant at either 1% or 5%. Panel B examines whether futures returns in China and 

the US have an impact on spot returns in China. Prior to the GFC, spot returns in China were 

affected more by the futures returns in China. However, the influence of futures returns in the 

US has become stronger since the GFC period and the impact remains significant in the post-

GFC period. Panel C presents the results when the futures return in the US is used as the 

dependent variable. The results show that prior to the GFC, both futures returns and spot returns 

in China have a significant impact on futures returns in the US for corn, soybean meal and 

soybean oil. During the GFC period, for soybean oil only, futures returns and spot returns in 

China affected the futures returns in the US at 5% and 1%, respectively. The results for the 

post-GFC period show that only futures returns and spot returns in China have impacts on 

futures returns in the US at the 1% significance level. In addition, soybean oil and sugar futures 

returns in China lead soybean oil and sugar futures returns in the US market. 

4.4.4 Robustness Checks 

A panel cointegration test and full-sample Granger-causality tests are used as 

robustness checks to re-examine both the long-run and short-run relationships. Table 4.8 

presents the results for panel cointegration test, which examines the overall long-run 

equilibrium between China and the US agricultural commodity markets. Basically, four panel 

statistics and three group panel statistics are used to test the null hypothesis of no cointegration 

against the alternative hypothesis of cointegration. If the null hypothesis is rejected in the panel 
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case, then the agricultural commodity markets in China and the US are cointegrated. If the null 

hypothesis is rejected in the group panel case, then cointegration among the relevant variables 

exists for at least one of the sectors.  

Table 4.11: Panel Cointegration Test 

    Weighted Group 
Panel A: Intercept     
  Statistic Prob Statistic Prob Statistic Prob 
Panel v-statistic 27.25*** <0.01 13.93*** <0.01 -- -- 
Panel rho-statistic -22.07*** <0.01 -156.99*** <0.01 -80.32*** <0.01 
Panel PP-statistic -9.32*** <0.01 -38.84*** <0.01 -22.29*** <0.01 
Panel ADF-statistic -2.07** 0.02 -7.45*** <0.01 -7.22*** <0.01 
Panel B: Intercept and Trend    
  Statistic Prob Statistic Prob Statistic Prob 
Panel v-statistic 20.92*** <0.01 11.13*** <0.01 -- -- 
Panel rho-statistic -14.19*** <0.01 -34.26*** <0.01 -27.14*** <0.01 
Panel PP-statistic -6.96*** <0.01 -17.75*** <0.01 -14.29*** <0.01 
Panel ADF-statistic -0.94 0.17 -5.94*** <0.01 -5.94*** <0.01 
Panel C: No Intercept and Trend    
  Statistic Prob Statistic Prob Statistic Prob 
Panel v-statistic 25.60*** <0.01 10.15*** <0.01 -- -- 
Panel rho-statistic -93.10*** <0.01 -348.19*** <0.01 -216.72*** <0.01 
Panel PP-statistic -23.06*** <0.01 -49.80*** <0.01 -34.76*** <0.01 
Panel ADF-statistic -1.11 0.13 -2.47*** 0.01 -3.65*** <0.01 

Notes: The table shows the unbalanced panel cointegration results, which are the overall long-run equilibrium 
between the Chinese and the US agricultural commodity markets. Three types of panel cointegration tests have 
been conducted, which are intercept, intercept and trend, and no intercept and trend. The table presents the test 
statistics and the corresponding p-values. ***, **, * presents the statistical significance at 1%, 5%, and 10% levels, 
respectively.   

Three types of panel cointegration tests have been performed: intercept, intercept and 

trend, and no intercept and trend. The results show that the null hypothesis of no cointegration 

can be rejected at all cases, indicating that there is a long-run equilibrium between China and 

the US agricultural commodity markets in general. This result confirms the long-run correlation 

between the agricultural commodity markets China and the US in the previous analysis. In 

addition, both bivariate and multivariate Granger-causality test results are also consistent with 

the results of the VECM analyses.  
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4.5 Conclusion 

This study is motivated by the growing importance of the Chinese commodity markets 

(both the spot and the futures markets). These developments in the commodity markets in 

China are expected to play a more important role in information transmission across markets. 

Research thus far has examined the relationship of futures markets among different countries 

and/or the futures market with the spot market within one particular country. However, this 

relationship may be better understood in the context of futures market of the dominant country 

and futures and spot markets of the domestic country. To the best of our understanding, this is 

the first study to examine the relationship in a comprehensive manner. To this effect, this study 

investigates the information linkage among spot/futures markets in China and the futures 

market in the US. It extends the existing literature by incorporating three markets and examines 

the information transmission mechanism among these markets. The findings of the study may 

also have important implications for agricultural commodity futures in other similar emerging 

markets. This study is distinct from other studies as it provides a comprehensive long-run and 

short-run information transmission analysis for a wide range of agricultural commodities as 

well as incorporating the impact of GFC. This analysis provides robust findings by inclusion 

of a data set that has different economic conditions.  

Results from the Johansen cointegration test show that there is a long-run equilibrium 

relationship among futures/spot prices in China and futures prices in the US in all selected 

agricultural commodities, except for wheat. In the bivariate context, long-run equilibrium 

relationship exists between spot and futures markets in China, as well as between futures prices 

in China and the US markets. However, the futures prices in the US and spot prices in China 

do not show a long-run relationship. Investors in the long term cannot make profit by trading 

between agricultural commodities and their futures in the Chinese market, or trading between 
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futures markets in China and the US markets. The long-run equilibrium relationship implies 

the presence of a common trend among three markets that has not been reported earlier. 

The short-run analysis results show evidence of a bi-directional relationship between 

futures and spot prices in China, indicating that the information content in futures prices in 

China can influence the spot market movements in China in the short-run and vice versa. 

Moreover, a short-run bi-directional relationship has also been found between futures prices in 

China and the US. This result, consistent with previous findings, indicates that futures prices 

in the US play a significant price discovery role in the Chinese market. This study finds that 

the Chinese commodity futures market also plays an increasingly important price discovery 

role in global commodity futures markets. Thus the information contained in the futures market 

in China influences the futures price movements in the US market. By contrast, the majority of 

earlier studies find a unidirectional information flow from more liquid markets to less liquid 

markets (Booth & Ciner, 1997; Hua & Chen, 2007; Hua et al., 2010; Liu & An, 2011; Xu & 

Fung, 2005).  

The results for the GFC sub-sample are mixed. In general, spot returns and futures 

returns show a bi-directional relationship during the GFC period, and the predictive power of 

all variables in the model increases. The significant forecasting power of the model remains 

prominent during the post-GFC period. The bivariate tests show that the bi-directional 

relationship between spot and futures returns in China remains unchanged under different 

economic conditions. However, the bivariate Granger-causality tests for futures returns in 

China and the US show that the US market plays a better price discovery role than the Chinese 

market, especially in the crisis and post-crisis periods. These findings are unique to this study, 

thus providing robust results that can be generalised across markets and across different 

economic conditions. 
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This study contributes to existing literature by providing a comprehensive study of the 

information transmission process across international and domestic markets. It helps to 

understand the market integration of Chinese commodity markets in the global context, and 

provides additional evidence in terms of the market efficiency of commodities markets in China. 

The results of this study have important implications for policy makers who seek to develop 

policies for price stability. An important lesson for them is to be aware that a direct price control 

in the spot market may not be effective since prices are determined in the international context 

and the US futures prices have significant influence on the domestic spot market via domestic 

futures prices. Any attempt in direct price control may not be effective as that may result in 

grey market operations in the spot commodities. Understanding of information flow among the 

three markets concluded in this study also has significant implications for hedgers and 

speculators in commodity markets in China and the US. Findings are of relevance for investors 

and fund managers who may use commodity futures in their portfolio of diversified assets. 

Limitations of this study arise from the data sample. The Chinese Commodity futures 

exchange was established in the late 1990s, therefore, only an average of 10 years of data for 

analysis is obtained. Compared to studies on developed markets, which have more than 20 

years data available, the data sample in this study is relatively small. However, by using 10 

years of data, findings of this research still valid despite the limitations. 
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Chapter 5  

Volatility Determinants 

“The Macroeconomic Determinants of Commodity Futures Volatility: 

Evidence from Chinese and Indian Markets” 

5.1 Introduction  

Nowadays, commodities have been treated as one important asset class. Both individual 

investors and institutional investors consider commodities as an alternative investment class to 

a traditional portfolio and trade in both cash and derivatives markets. Because of the lower cost 

and higher leverage of trading offered by commodity futures, investors prefer to trade in the 

futures market before they enter into physical commodity markets.  

Commodity futures have exhibited significant price volatility in recent decades. 

Beginning in 2002, the commodity markets entered a strong and upward trend and prices 

reached a peak in mid-2008. During the second half of 2008, commodity prices experienced a 

significant drop with the advent of the Global Financial Crisis. Although the commodity prices 

have recovered since March 2009 and are close to their mid-2008 peaks, they are still very 

volatile.   

Fluctuations in prices tend to have an impact on the viability of both existing and future 

production and on investment decisions made by governments and corporations. Producers and 

consumers may suffer higher borrowing costs and higher volatility in their cash flows with the 

increased uncertainty in prices. The challenges associated with high price volatility warrant the 
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necessity of identifying its determinants for producers, processors and policy makers. 

Understanding the volatility dynamics becomes a key consideration in the strategy formation 

for hedging, derivatives trading and portfolio optimisation. Producers and consumers can make 

their investment choices more wisely by understanding the true dynamics of volatility.  

Emerging markets have started to play an important role in terms of commodity prices 

and volatility. Many scholars argue that one of the most important drivers of the substantial 

increase in commodity prices is the rapidly rising demand of emerging countries for 

commodities (Irwin & Sanders, 2011; Tang & Xiong, 2012). These emerging countries are at 

the commodity intensive stage of development. Though the trading activity (including trading 

volume and open interest) in these countries is thin, the price volatility is quite high. As a result, 

the impact of volatile commodity futures prices is more significant in emerging countries than 

in well-developed countries. Moreover, commodity exchanges in China and India, the two 

largest emerging economies, are ranked as top commodity exchanges in the world. For instance, 

according to the Futures Industry Association (FIA) and the China Futures Association (CFA), 

the DCE, ZCE and SFE in China are ranked No.1, 2, and 3, respectively in 2015 by trading 

volume of commodity futures and options. 22  The MCX in India is also ranked No.6. 

Additionally, a number of futures contracts in China and India are ranked as top contracts, 

based on their trading volumes. 23  Therefore, given the significant role that emerging 

commodity markets play in the world, it is worth investigating the determinants of the volatility 

of commodity futures in these markets. 

Most previous research investigates the impact of microeconomics; however, 

macroeconomic fundamentals cannot be ignored when discussing the microeconomic variables 

                                                           
22 The information provided by FIA and CFA is the total trading volume of commodity futures and options. 
However, no commodity options were traded in either China or India during our sample period.  
23  The information was collected from the 2015 survey of Global Derivative Volume. 
http://marketvoicemag.org/sites/default/files/pdf/March2016_TopStoryupd.pdf 
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in the context of commodity prices, especially during the period of significant price movements. 

Few studies have examined the relationship between macroeconomic variables and the 

volatility of commodity futures (Liu et al., 2015; Magrini & Donmez, 2013). One reason for 

the exclusion of the economic environment may be the low-frequency of data for 

macroeconomic factors. The analyses of time-varying volatility are mostly based on variables 

with availability of high-frequency data and the estimated variables are limited to short-term 

interest rates and premiums, which have high frequencies. Low-frequency variables such as 

those measuring the business cycle, monetary policies and the broad economic environment 

have not been sufficiently explored.  

The primary goal of this study is thus to examine the macroeconomic determinants of 

the volatility of commodity futures. Further, it hypothesises that the volatility of commodity 

futures is affected not only by short-term information such as daily price information, but also 

by the information contained in the broad economic environment. Current research on the 

determinants of commodity volatility has failed to explicitly test the effects of macroeconomic 

variables on the daily price changes in commodities.24 Therefore, when estimating the impact 

of macroeconomic variables on the volatility of commodity futures, this study decomposes the 

volatility into short-run and long-run components. The short-run component is the one caused 

by news that affects the prices on a daily basis such as cash rate and stock market returns, while 

the long-run component is affected by macroeconomic variables. This long-run component is 

of particular interest for our study as this has not been appropriately tested in the past. 

Previous studies suffer from two noticeable flaws. The first flaw is the proxy for 

volatility. Most studies treat long-run volatility as a low-frequency volatility, which is assumed 

                                                           
24 Studies that test determinants of daily (or weekly) volatility using variables with daily frequency implicitly (or 
explicitly) assume that the impact of macroeconomic variables is incorporated into daily prices of the commodity 
through market variables via expectations, their expectations are always accurate, and there is no impact on the 
prices when the actual data for the variables are released or this impact is not significant. 
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to be determined by slowly evolving macroeconomic variables. To obtain long-run volatility, 

many studies used traditional GARCH-type models (Liu et al., 2015), which set unconditional 

volatility as a constant. This constant volatility is unlikely to capture the true dynamics of long-

run market volatility. The second problem is the non-synchronised frequency between 

macroeconomic variables and commodity futures. Macroeconomic variables generally occur 

on a monthly or quarterly basis, while the commodity futures prices have relatively higher data 

frequency, i.e., daily or intra-daily. Incorporating variables with different frequencies in the 

same model creates econometric modelling difficulties.  

Daily price changes in the commodities are caused by two groups of factors: the first 

group of factors relates to information that emerges in the market, such as the stock market 

index, short-term interest rate and this type of information is generally available at high 

frequencies; the second group of factors relates to the macro news that is available on a 

monthly/quarterly/semi-annual basis. This study aims to dissect the daily price volatility into 

two components that are caused by each of the two factor groups. The volatility component 

that is caused by macroeconomic variables is of interest for this study. The Mixed Data 

Sampling Model allows data of different frequencies to be included into the same model and 

this is used to overcome the research gap. The MIDAS type of regressions, introduced by 

Ghysels, Sinko, and Valkanov (2007), involves time-series data sampled at different 

frequencies, which makes the analysis between high-frequency and low-frequency 

macroeconomic variables possible. Following this, Engle et al. (2013) propose a GARCH-

MIDAS model within the MIDAS framework to analyse the time-varying volatility. Under this 

framework, the conditional variance has been decomposed into two components – long-run 

and short-run variances. The major advantage of this model is that it allows the link between 

the daily observation on return series and the sampling of macroeconomic variables, which 
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occurs at relatively low frequencies. In this way, the impact of macroeconomic variables on 

the commodity futures volatility can be examined directly. 

Thus two research objectives are raised in line with the main purpose of this study. The 

first objective is to examine the predictive power of changes in macroeconomic variables for 

the volatility of commodity futures. The second objective is to further test the impact of 

uncertainty in macroeconomic variables on the volatility of commodity futures. In accordance 

with these two research objectives, the following two research questions are proposed: 

Q1: Does change in macroeconomic variables determine the long-run volatility of commodity 

futures? 

Q2: Does uncertainty in macroeconomic variables determine the long-run volatility of 

commodity futures? 

The macroeconomic determinants of the volatility of commodity futures are important 

to study for several reasons. First, understanding the volatility dynamics is critical for producers, 

consumers and policy makers. Previous studies focus only on determinants of short-term 

volatility; however, the volatility of commodity futures is influenced by short-term daily 

information as well as information contained on the long-term horizon. This study differs from 

previous studies in that it decomposes the commodity futures volatility into short-run and long-

run components, thus enabling this study to investigate whether the information content in 

macroeconomic variables is valuable for the long-term volatility of commodity futures. Second, 

the emerging commodity futures markets have started to play a significant role in the global 

commodity futures market; however, few studies focus on these emerging commodity markets. 

This study covers a wide range of commodity futures from emerging markets and examines 

the linkage between macroeconomic variables and emerging commodity futures.  
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This study contributes to the existing literature in several ways. Firstly, it examines the 

determinants of volatility more accurately by combining the high-frequency return data with 

the low-frequency macroeconomic variables into one model. In this case, it separates the 

impacts of daily information and the low-frequency macroeconomic conditions on the volatility 

of commodity futures. The investigation of the influence of the low-frequency macroeconomic 

variables on the volatility of commodity futures is straightforward. Thus, the causal 

relationship between price volatility and its determinants can be more accurately analysed and 

the long-run variance forecasting is improved by including macroeconomic information. 

Secondly, this study focuses on a wide range of commodities in the two largest emerging 

markets. This allows investigating the nature of the arbitrage and price relationships between 

commodity futures and macroeconomic determinants in some unexplored emerging countries. 

To the best of our knowledge, this is the first study to focus on the impact of macroeconomic 

variables with respect to the volatilities of a wide range of commodity futures in the emerging 

markets. The results may have important implications for other emerging markets. Thirdly, 

findings suggest that the volatility of commodity futures are not only affected by domestic 

macroeconomic variables but also influenced by international macroeconomic environment. 

Therefore, our study contributes to the volatility literature by providing additional volatility 

determinants.  

This study has several important economic implications. Investors can adjust their 

investment portfolio in response to macroeconomic conditions such as consumer confidence, 

money supply and industrial production. Moreover, the findings have important implications 

for economic policies, towards minimising speculations and achieving financial stability, 

especially for the policy makers in emerging markets. According to the Global Financial 

Stability Report from the International Monetary Fund (IMF) (2016), the world economy is 

gaining speed, boosting the appetite for risk, reinforcing the recovery in commodity prices and 
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supporting the rebound in asset prices in emerging market economies. Therefore, the impact of 

international macroeconomic conditions on the volatility of commodity futures needs to be 

taken into account when dealing with policy formulation. Further, results can also help policy 

makers in their decision making. The government in emerging markets should use interventions 

in fiscal and monetary policy rather than using the direct price control on grain commodities. 

Finally, given the significant role of China and India, the two largest, rapidly growing 

economies, the results of our study can be generalised to other less developed markets.  

The findings of our study can be summarised as follows. The results confirm the 

existence of long-run variance component extracted from the high-frequency data. Modelling 

the commodity volatility as the product of high and low-frequency component is more efficient 

than the results of the GARCH (1, 1) model. The findings of the Chinese and Indian markets 

show that macroeconomic variables are important determinants of the volatility of commodity 

futures. The long-run variance is significantly determined by both domestic and international 

macroeconomic information. However, the volatilities of macroeconomic variables have 

stronger economic implications than the changes of these macroeconomic variables.  

The remainder of the chapter is organised as follows. The next section, a discussion of 

the data, is followed by the methodology used in the analysis. The key findings are presented 

in Section 5.4, Section 5.5 concludes the study.  

5.2 Data 

This study employs the commodity futures data from the two largest emerging 

economies, China and India. The commodity futures data used, obtained from the Bloomberg 

database, is of the daily closing prices. The reason of choosing the daily closing price is that 

the day-wise information is mostly incorporated in the closing price. As stated in Brooks and 
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Prokopczuk (2013), different commodities are heterogeneous; therefore, they should be treated 

as individual commodities rather than as an entire asset class. In this study, commodities are 

carefully selected commodities, from four different commodity sectors, that can provide a good 

understanding about the characteristic of the whole commodity market. The four sectors are 

metals, precious metals, agriculture, and energy. More specifically, in the Chinese market, the 

focus on is copper, aluminium, gold, soybean, soybean meal, soybean oil, corn, sugar, and fuel 

oil. In the Indian market, nickel, copper, aluminium, gold, castor seed, mustard seed, and crude 

oil are employed. For all commodity futures contracts, the 1st generic futures contracts from 

the Bloomberg database are used. The 1st generic futures contract is the most traded 

commodity in their commodity classes. The futures contracts are listed on different futures 

exchange on different dates; therefore, the sample periods for different futures contracts are 

different, but the longest period for each commodity futures is obtained. The detail of the data 

selection is listed in the following table (Table 5.1).  

Table 5.1: Data Period of Commodity Futures 

Chinese Market Indian Market  
Metal market 
Copper  04/01/2005-03/11/2015 Copper 27/05/2004-05/11/2015 
Aluminium  04/01/2005-03/11/2015 Aluminium  26/10/2005-05/11/2015 
  Nickel  27/05/2004-05/11/2015 
Precious Metal Market 
Gold  09/01/2008-03/11/2015 Gold 01/01/2004-05/11/2015 
Agricultural Market 
Soybean 05/07/2005-03/11/2015 Castor Seed 23/07/2004-05/11/2015 
Soybean Meal 04/01/2005-03/11/2015 Mustard Seed 15/12/2003-05/11/2015 
Soybean Oil  09/01/2006-03/11/2015   
Corn  04/01/2005-03/11/2015   
Sugar 06/01/2006-03/11/2015   
Energy Sector 
Fuel Oil 04/01/2005-03/11/2015 Crude Oil 09/02/2005-05/11/2015 
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In terms of the return series, the log returns are used for congruency between the classes 

and the model is specified as: 𝑅𝑅𝑡𝑡 = 𝐿𝐿𝐿𝐿(𝑃𝑃𝑡𝑡+1
𝑃𝑃𝑡𝑡

), where Rt is the log return at time t and Pt is the 

daily settlement price at time t.  

5.2.1 Summary Statistics  

Table 5.2 shows the summary statistics of Chinese (Panel A) and Indian (Panel B) 

commodity futures contracts. Mean, maximum, minimum and standard deviation are presented 

in percentage. Although some of the commodities have the same data period, the commodity 

may have some days with missing values. The days with missing values are omitted and as a 

result, the commodities may not have the same number of observations. 
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Table 5.2: Summary Statistics of Commodity Returns 

Panel A: Summary Statistics of Chinese Commodity Futures 
 Mean (%) Max (%) Min (%) Std. Dev. (%) Skewness Kurtosis Jarque-Bera Observations 
Copper 0.01 10.15 -8.84 0.50 -0.23 6.68 1504*** 2622 
Aluminium -0.02 4.88 -7.19 0.89 -0.56 10.80 6662*** 2577 
Gold 0.00 11.53 -12.52 1.33 -0.15 15.43 12193*** 1893 
Soybean 0.01 12.10 -7.99 1.07 0.11 17.61 22271*** 2503 
Soybean Meal 0.00 16.01 -21.03 1.65 -1.13 25.50 56025*** 2630 
Soybean Oil 0.01 23.56 -18.82 1.86 0.79 31.85 82853*** 2382 
Sugar 0.00 12.15 -13.73 1.23   -0.59 20.20 29447*** 2377 
Corn 0.02 14.10 -14.80 1.19 0.75 45.52 198184*** 2628 
Fuel Oil 0.00 19.08 -23.51 2.07 0.16 20.68 32764*** 2516 
Panel B: Summary Statistics of Indian Commodity Futures 

 Mean (%) Max (%) Min (%) Std. Dev. (%) Skewness Kurtosis Jarque-Bera Observations 
Copper 0.01 4.52 -4.61 0.69 -0.10 7.90 3354*** 3342 
Aluminium 0.00 7.83 -2.92 0.60 0.50 13.33 20112*** 2887 
Nickel 0.00 11.17 -5.88 0.94 0.95 15.79 14481*** 3228 
Gold 0.02 8.02 -3.94 0.47 0.98 35.27 148665*** 3413 
Castor Seer 0.03 70.18 -6.42 1.36 41.22 2123.50 6.19*e8*** 3299 
Mustard Seed 0.03 72.53 -6.92 1.38 43.12 2272.09 7.2*e8*** 3349 
Crude Oil 0.01 10.38 -4.10 0.83 0.75 14.19 16086*** 3029 

Notes: This table provides descriptive statistics for both Chinese and Indian commodity futures. Mean, maximum (Max), minimum (Min) returns and standard 
deviations (Std. Dev.) of returns are expressed in percentage. Skewness, kurtosis, Jarque-Bera statistics are used to determine whether the residuals of the return 
series follow a normal distribution. Under the null of normal distribution, the Jarque-Bera statistic has an asymptotic Chi-squared distribution with two degrees 
of freedom, while the skewness should equal zero and kurtosis should equal to 3. ***, **,* represent rejection of null hypothesis at the 1%, 5% and 10% levels, 
respectively.    
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The average returns of all commodities in China are positive and close to zero, except 

for aluminium. The standard deviations of returns of metal commodities (copper and 

aluminium) are the lowest among all selected commodity futures, whereas the standard 

deviation of fuel oil is 2.068%, which counts as the highest values. This indicates the high risk 

contained in fuel oil prices. In terms of the skewness, the statistics show that copper, aluminium, 

gold, soybean meal and sugar are negatively skewed, while soybean, soybean oil, corn and fuel 

oil are positively skewed. Moreover, all commodity futures show a positive kurtosis. The 

Jarque-Bera statistics are used to test the null hypothesis that residuals are normally distributed. 

Given that Jarque-Bera statistics for all cases are found to be greater than the 1% critical value, 

it can be concluded that all return series are not normally distributed.  

The Indian market also shows that the average return of all selected commodity futures 

is close to zero. The standard deviation shows that castor seed and mustard seed have the 

highest standard deviation, indicating the high risk contained in these two commodity futures. 

Moreover, except for copper, all the rest of these commodity futures show a positive skew; this 

indicates an asymmetrical distribution with a long tail to the right. Further, all commodity 

futures show a positive kurtosis. The Jarque-Bera statistics reject the null hypothesis that 

residuals are normally distributed at the 1% critical value. Therefore, all return series are not 

normally distributed. 

To describe the deterministic component of commodity volatility, we consider several 

potential drivers taken from the previous literature. We examine the impact of both the 

domestic and the international macroeconomic variables. Because of the unique characteristics 
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of China and India, we choose different domestic macroeconomic variables.25 Table 4 provides 

a list of the macroeconomic variables. 

Table 5.3: List of Macroeconomic Variables 

Chinese Market  Acronym 
Consumer Price Index  CPI 
Gross Domestic Production  GDP 
Industrial Production  IP 
Money Supply  M2 
China Composite Leading Indicator  CLI_C 
Consumer Confidence Index  CCI 
Stock Index  STOCK 
Short-term Interest Rate  IR 
Term Spread  T-spread 
Real Effective Exchange Rate (Chinese Yuan) CNY 
Indian Market    
Consumer Price Index  CPI 
Industrial Production  IP 
Money Supply  M2 
Stock Index  STOCK 
Short-term Interest Rate  IR 
Term Spread  T-spread 
India Composite Leading Indicator  CLI-IND 
Real Effective Exchange Rate (Indian Rupees) INR 
US Market    
Consumer Price Index  CPI 
Industrial Production  IP 
Money Supply  M2 
Consumer Confidence Index  CCI 
Stock Index  STOCK 
Short-term Interest Rate  IR 
Term Spread  T-spread 
Real Effective Exchange Rate (US Dollar) USD 
the US Composite Leading Indicator  CLI_U 
Composite Leading Indicators for the OECD area CLIOECD 

 

In terms of the Chinese market, a total of ten variables are examined: the growth rate 

of Consumer Price Index (CPI), the growth rate of Industrial Production Index (IP), the growth 

rate of Bloomberg Estimated GDP (GDP), Money Supply (M2), the OECD Leading indicator 

for China (CLI_C), Consumer Confidence Index (CCI), Stock Index Changes (STOCK), Short-

                                                           
25 The rationale for variables selections has been included in subsection 3.5.2.  
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term interest rate (IR), Term Spread (T-spread), and the real effective exchange rate of Chinese 

Yuan (CNY). 

For the Indian market,26 eight variables are investigated: the growth rate of Consumer 

Price Index (CPI), the growth rate of Industrial Production Index (IP), Money Supply (M2), 

Stock Index Changes (STOCK), Short-term interest rate (IR), Term Spread (T-spread), the 

OECD Composite Leading indicator for India (CLI_IND), and the real effective exchange rate 

of Indian Rupees (INR).  

Lastly, the US variables27 are incorporated to capture the influence of the international 

market. The US market variables include CPI, IP, M2, CCI, STOCK, IR, T-spread, and the real 

effective exchange rate of US dollars. We also include the composite economic leading 

indicator in the US and the OECD countries, namely CLI_U and CLI_OECD, respectively.  

5.2.2 Data Analysis  

Before introducing the formal econometric model, this sub-section also conducts the 

preliminary analysis to check for the stationarity of the data. This study employs the ADF tests 

(Dickey & Fuller, 1979) and PP tests (Phillips & Perron, 1988). In general, there are two forms 

of unit root tests, including intercept and trend stationary model, and the model with only 

intercept. This subsection will conduct both forms of unit root tests. The results for ADF tests 

and PP tests are presented in Table 5.4 and Table 5.5, respectively. 

                                                           
26 The Indian market excludes the GDP index and CCI index. The GDP in India is at a quarterly frequency, for 
which the best fit of data frequency in the GARCH-MIDAS model is monthly frequency based on the results in 
Table 5.6. In addition, the data of the CCI index is not available in the Indian Market; therefore, CCI is also 
excluded from further analysis.  
27 Similar to the Indian market, the GDP index in the US is also at a quarterly frequency. Therefore, the GDP 
index is also excluded from the US macroeconomic variables. 
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Table 5.4: Results for the Augmented Dickey-Fuller (ADF) Tests for Stationarity 
Panel A: ADF Test for Chinese Commodity Futures  
 Price level First Difference 

Variable  
ADF Statistic 

(Intercept) p-value 
ADF Statistic 

(Trend & Intercept) p-value 
ADF Statistic 

(Intercept) p-value 
ADF Statistic 

(Trend & Intercept) p-value 
Copper  -2.30 0.17 -2.33 0.42 -46.27*** <0.01 -46.30*** <0.01 
Aluminium  -1.07 0.73 -2.78 0.20 -43.93*** <0.01 -43.95*** <0.01 
Corn  -1.91 0.33 -2.06 0.57 -29.50*** <0.01 -29.53*** <0.01 
Soybean  -1.70 0.43 -1.51 0.83 -49.57*** <0.01 -49.57*** <0.01 
Soybean Meal  -2.43 0.13 -2.30 0.43 -50.87*** <0.01 -50.88*** <0.01 
Soybean Oil  -2.26 0.19 -2.41 0.37 -49.02*** <0.01 -49.03*** <0.01 
Sugar  -1.47 0.55 -1.64 0.78 -38.46*** <0.01 -38.45*** <0.01 
Foil  -2.16 0.22 -1.76 0.72 -49.91*** <0.01 -49.95*** <0.01 
Panel B: ADF Test for Indian Commodity Futures 
 Price level First Difference 

Variable  
ADF Statistic 

(Intercept) p-value 
ADF Statistic 

(Trend & Intercept) p-value 
ADF Statistic 

(Intercept) p-value 
ADF Statistic 

(Trend & Intercept) p-value 
Aluminium  -3.06** 0.03 -3.04 0.12 -53.52*** <0.01 -53.52*** <0.01 
Copper  -2.12 0.24 -1.93 0.64 -60.56*** <0.01 -60.58*** <0.01 
Gold -1.01 0.75 -1.53 0.82 -62.43*** <0.01 -62.42*** <0.01 
Castor Seed  -1.04 0.74 -2.17 0.51 -52.99*** <0.01 -52.98*** <0.01 
Mustard Seed  -0.06 0.95 -2.12 0.54 -57.16*** <0.01 -57.17*** <0.01 
Nickel  -2.21 0.20 -2.23 0.47 -56.44*** <0.01 -56.45*** <0.01 
Crude Oil  -1.92 0.32 -1.38 0.87 -55.46*** <0.01 -55.49*** <0.01 

Notes: This table provides the ADF tests for the Chinese and Indian commodity futures. There are two forms of tests included, unit root test with intercept but without 
trend, and unit root test with both intercept and trend.  Panel A provides the results of t ADF tests for the Chinese commodity futures and the Panel B provides the results 
of ADF tests for the Indian commodity futures. The optimal lag length for ADF test is determined by using Schwarz information criterion (SIC) with the maximum lag of 
27. The critical values of ADF test without trend are -3.43,-2.86,-2.57 at 1%, 5% and 10% significance level. The critical values of ADF test with trend are -3.96,-3.41 
and -3.13 at 1%, 5% and 10% levels of significance respectively. Both test statistics and corresponding p-values are reported. The null hypothesis of ADF test is that the 
variable has a unit root. It can be rejected if the test statistics of ADF test is less than the critical value at the chosen significance level. ***, **,* represent rejection of the 
null hypothesis of a unit root at the 1%, 5% and 10% levels, respectively. 
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It is clearly shown in Table 5.4 that the null hypothesis of unit root cannot be rejected 

for all cases, except for aluminium in the Indian market, indicating that at the price level, the 

commodity futures in Chinese and Indian markets are non-stationary. Further, the same tests 

have been re-performed at the first difference level. The results show that the null hypothesis 

of unit root can be rejected at 1% significance level for all cases, except for aluminium in the 

Indian market. This suggests that all commodity futures prices become stationary at I (1). 

Further, the PP test is used to confirm these results. 
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Table 5.5: Results for the Phillips-Perron (PP) Tests for Stationarity 
Panel A: PP Test for Chinese Commodity Futures   
 Price level First Difference 

Variables  
PP Statistic 
(Intercept)  p-value  

PP Statistic 
(Trend & Intercept) p-value  

PP Statistic 
(Intercept) p-value  

PP Statistic 
(Trend & Intercept) p-value 

Copper  -2.40 0.14 -2.40  0.38 -46.67***  <0.01 -46.69***  <0.01 
Aluminium  -0.85  0.81 -2.46  0.35 -43.79***  <0.01 -43.79***  <0.01 
Corn -29.53  <0.01 -2.22  0.48 -55.07***  <0.01 -55.12***  <0.01 
Soybean  -1.75  0.41 -1.61  0.79 -49.60***  <0.01 -49.60***  <0.01 
Soybean Meal  -2.56  0.10 -2.48  0.34 -50.91***  <0.01 -50.91***   <0.01 
Soybean Oil  -2.16  0.22 -2.32  0.42 -49.11***  <0.01 -49.13***  <0.01 
Sugar  -1.79  0.38 -2.05  0.58 -93.79***  <0.01 -93.77***  <0.01 
Foil  -2.12  0.24 -1.68  0.76 -49.95***  <0.01 -50.01***  <0.01 
Panel B: PP Test for Indian Commodity Futures 
 Price level First Difference 

Variables  
PP Statistic 
(Intercept) p-value 

PP Statistic 
(Trend & Intercept) p-value 

PP Statistic 
(Intercept) p-value 

PP Statistic 
(Trend & Intercept) p-value 

Aluminium  -3.07** 0.03 -3.05 0.12 -53.52***  <0.01 -53.52***  <0.01 
Copper  -2.10 0.24 -1.87 0.67 -60.52***  <0.01 -60.55***  <0.01 
Gold -1.01 0.75 -1.60 0.79 -62.36***  <0.01 -62.38***  <0.01 
Castor Seed  -1.01 0.75 -2.12 0.53 -52.99***  <0.01 -52.98***  <0.01 
Mustard Seed  -0.12 0.95 -2.19 0.50 -57.19***  <0.01 -57.20***  <0.01 
Nickel  -2.17 0.22 -2.19 0.50 -56.45***  <0.01 -56.46***  <0.01 
Crude Oil  -1.97 0.30 -1.48 0.84 -55.48***  <0.01 -55.50***  <0.01 

Notes: This table provides two forms of PP tests for both the Chinese and Indian commodity futures. There are two forms of tests included, unit root test with intercept 
but without trend, and unit root test with both intercept and trend. Panel A provides the results of the PP tests for the Chinese commodity futures and the Panel B provides 
the results of the PP tests for the Indian commodity futures. The spectral estimation method in PP test is Barlett Kernel, and the Bandwidth is Newey-West Bandwidth. 
The critical values of ADF test without trend are -3.43,-2.86,-2.57 at 1%, 5% and 10% significance level. The critical values of ADF test with trend are -3.96,-3.41 and 
-3.13 at 1%, 5% and 10% levels of significance, respectively. Both test statistics and corresponding p-values are reported. The null hypothesis of PP test is that the 
variable has a unit root. It can be rejected if the test statistics of ADF test is less than the critical value at the chosen significance level. ***, **,* represent rejection of 
the null hypothesis of a unit root at the 1%, 5% and 10% levels, respectively. 



Chapter 5 Volatility Determinants  
 

153 
 

The results of the PP test confirm the results in Table 5.5, which concludes that all 

prices of commodity futures are stationary at I (1). Therefore, there is sufficient evidence to 

reject the null hypothesis that the data is non-stationary and conclude that all variables used in 

this study are stationary. The results of the ADF and PP tests show that the time series data in 

this study are stationary and therefore, no transformation of the data is needed.  

5.3 Methodology  

To determine the impact of macroeconomic variables on the price volatility of selected 

commodities, the GARCH-MIDAS model is employed for analysis. The model is originally 

proposed by Engle et al. (2013) is designed to combine data with different frequencies. This 

framework is inspired by Ghysels, Santa-Clara, and Valkanov (2006), who use various MIDAS 

regressions to examine the traditional risk-return trade-off. With this MIDAS approach, the 

macroeconomic variables are linked to the deterministic component of volatility. The GARCH-

MIDAS model combines the mean reverting unit daily GARCH process as used in Engle and 

Rangel (2008), with a MIDAS polynomial that allows the incorporate of low-frequency 

financial and macroeconomic variables. In this case, the model allows extracting two 

components of volatility, one relates to short-term fluctuation, the other is the secular volatility. 

5.3.1 The GARCH-MIDAS Model 

In order to examine the relationship between macroeconomic fundamentals and 

emerging commodity futures market volatility, following the methodology introduced by 

Engle and Rangel (2008) and Engle et al. (2013), the unexpected returns can be written as 

follows:  
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𝑟𝑟𝑖𝑖,𝑡𝑡 − 𝐸𝐸𝑖𝑖−1,𝑡𝑡(𝑟𝑟𝑖𝑖,𝑡𝑡) = �𝜏𝜏𝑡𝑡 ∗ 𝑔𝑔𝑖𝑖,𝑡𝑡𝜀𝜀𝑖𝑖,𝑡𝑡                                                                     (5.1) 

where ri,t  is the log return on day I during time (month/quarter/year) t; Ei−1,t(ri,t)  is the 

conditional expectation given information at day i-1 of any arbitrary period t;  εi,t  | 

Φi−1,t ~N(0,1) with Φi−1,t is the information set including the history returns up to day i-1 of 

period t. The volatility is decomposed into two separate components: gi,t accounts for daily 

fluctuations and  τt  represents the long-run component, which is aimed to capture slowly-

varying deterministic conditions in the economy. Assuming Ei−1,t(ri,t) is equal to µ, Equation 

(5.1) can be written as follows:   

𝑟𝑟𝑖𝑖,𝑡𝑡 = 𝜇𝜇 + �𝜏𝜏𝑡𝑡𝑔𝑔𝑖𝑖,𝑡𝑡𝜀𝜀𝑖𝑖,𝑡𝑡,              ∀𝑖𝑖 = 1, … ,𝐿𝐿𝑡𝑡                                                  (5.2) 

Following Engle and Rangel (2008), the volatility dynamics of the component gi,t is a 

(daily) GARCH (1, 1) process, which can be written as follows:  

𝑔𝑔𝑖𝑖𝑡𝑡 = (1 − 𝛼𝛼 − 𝛽𝛽) + 𝛼𝛼 (𝑟𝑟𝑖𝑖−1−𝜇𝜇)2

𝜏𝜏𝑡𝑡
+ 𝛽𝛽𝑔𝑔𝑖𝑖−1,𝑡𝑡                                                     (5.3) 

where 𝛼𝛼>0, 𝛽𝛽>0 and 𝛼𝛼 + 𝛽𝛽 <1. Contrary to the method conducted by Schwert (1989) and other 

conventional approaches which use past value as a measurement of interest, the GARCH 

MIDAS method constructs long-term component by a weighting function:  

𝜏𝜏𝑡𝑡 = 𝑚𝑚 + 𝜃𝜃 ∑ 𝜑𝜑𝑘𝑘(𝜔𝜔1𝜔𝜔2)𝑅𝑅𝑅𝑅𝑡𝑡−𝑘𝑘𝐾𝐾
𝑘𝑘=1                                                                             (5.4) 

where 𝑅𝑅𝑅𝑅𝑡𝑡 is the fixed time span realised volatility at time t:  

𝑅𝑅𝑅𝑅𝑡𝑡 = ∑ 𝑟𝑟𝑖𝑖𝑡𝑡2𝑁𝑁
𝑖𝑖=1 ,                                                                                                 (5.5)  
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where 𝜑𝜑𝑘𝑘(𝜔𝜔1𝜔𝜔2) is the function defining the weighting scheme of MIDAS filters. Engle et al. 

(2013) proposed two distinct functions for the weighting schemes: the Beta and the Exponential 

weighting lag structure. Although the exponential weighting scheme is commonly used in the 

literature, the Beta lag structure is more flexible to accommodate various lag structures, 

according to Ghysels et al. (2007). In addition, both Engle et al. (2013) and Girardin and Joyeux 

(2013) show that both functions yield similar results. Therefore, considering the Beta function 

and it is written as follows: 

𝜑𝜑𝑘𝑘(𝜔𝜔1𝜔𝜔2) = (𝑘𝑘 𝐾𝐾� )𝜔𝜔1−1(1−𝑘𝑘 𝐾𝐾� )𝜔𝜔2−1

∑ (𝑗𝑗 𝐾𝐾� )𝜔𝜔1−1(1−𝑗𝑗 𝐾𝐾� )𝜔𝜔2−1𝐾𝐾
𝑗𝑗=1

                                                         (5.6) 

where the weight in the equation sum up to one. Different combination of 𝜔𝜔1 and 𝜔𝜔2  can 

accommodate monotonically increasing, monotonically decreasing and uni-model hump-

shaped weighting schemes. It is worth emphasising that the GARCH-MIDAS model presented 

in Equation (5.2) - (5.6) has a fixed parameter space, 𝛩𝛩 = {µ,𝛼𝛼,𝛽𝛽,𝚖𝚖, 𝜃𝜃,𝜔𝜔1,𝜔𝜔2}, which makes 

it more parsimonious than other component volatility models. This feature is exploited to 

compare different models with various time span t and different number of lags K. In particular, 

the time period t is chosen by comparing the value of log-likelihood functions and subsequently, 

defining the optimum number of lags, K, through the minimisation of Bayesian Information 

Criterion (BIC). 

Finally, Engle et al. (2013) propose an additional specification for the fixed span τt 

component which is basically the log version of Equation (5.4) and corresponds to the class of 

models allowing us to insert macroeconomic variables. It can be specified as follows:  

𝑙𝑙𝑙𝑙𝑔𝑔𝜏𝜏𝑡𝑡 = 𝑚𝑚 + 𝜃𝜃 ∑ 𝜑𝜑𝑘𝑘(𝜔𝜔1𝜔𝜔2)𝑅𝑅𝑅𝑅𝑡𝑡−𝑘𝑘𝐾𝐾
𝑘𝑘=1                                                           (5.7) 
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where 𝑅𝑅𝑅𝑅𝑡𝑡−𝑘𝑘  represents the k lag of the covariate that is linking to the low-frequency 

component 𝜏𝜏𝑡𝑡. Equation (5.7) represents the key element for building direct linkages between 

price volatility and macroeconomic variables. Firstly, it allows us to incorporate data sample 

with different frequencies under MIDAS filtering. In this case, the high frequency commodity 

data i (daily or intra-daily) can be directly combined with low-frequency macroeconomic 

variables t (monthly, quarterly, and annual). Secondly, the number of parameters to estimate is 

fixed regardless of the number of lags which can be modified to capture the impact of 

persistency. That makes the model parameterisation parsimonious. Finally, the non-negative 

weights attached to the lagged variables lead to positive estimates of volatility while enabling 

different schemes of weighting.28  

However, to incorporate macroeconomic time series, the GARCH-MIDAS model has 

to be adjusted. The model (5.7) with realised volatility, can be changed as follows to insert 

macroeconomic variables directly: 

 𝑙𝑙𝑙𝑙𝑔𝑔𝜏𝜏𝑡𝑡 = 𝑚𝑚 + 𝜃𝜃 ∑ 𝜑𝜑𝑘𝑘(𝜔𝜔1𝜔𝜔2)𝑋𝑋𝑙𝑙,𝑡𝑡−𝑘𝑘𝑚𝑚𝑚𝑚𝐾𝐾
𝑘𝑘=1                                                (5.8) 

where 𝑋𝑋𝑙𝑙,𝑡𝑡−𝑘𝑘𝑚𝑚𝑚𝑚  denotes the k lag of a macroeconomic variable “mv”, that is linking to the low-

frequency component of volatility. The subscript l indicates examining the level of the 

macroeconomic variable.  

 

 

                                                           
28 This model has been used in analysing the macroeconomic determinants of stock market volatility (Engle et al. 
2013). Magrini andn Donmez (2013) and Van den Elzen (2014) also employed the GARCH-MIDAS model to 
examine the macroeconomic determinants of the volatility of commodity futures based on the US market data.   
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The macroeconomic series also feature volatility. To incorporate the macroeconomic 

volatility series, the Equation (5.7) needs to be further changed as follows to insert 

macroeconomic variables volatility: 

                             𝑙𝑙𝑙𝑙𝑔𝑔𝜏𝜏𝑡𝑡 = 𝑚𝑚 + 𝜃𝜃 ∑ 𝜑𝜑𝑘𝑘(𝜔𝜔1𝜔𝜔2)𝑋𝑋𝑚𝑚,𝑡𝑡−𝑘𝑘
𝑚𝑚𝑚𝑚𝐾𝐾

𝑘𝑘=1                                       (5.9) 

where 𝑋𝑋𝑚𝑚,𝑡𝑡−𝑘𝑘
𝑚𝑚𝑚𝑚  denotes the volatility of the explanatory series. Although the rest of the GARCH-

MIDAS remains unchanged for volatility of the drivers, it should be noted that level and 

volatility have their own weighting schemes, hence the subscripts l and v.    

5.3.2 Calculation of Macroeconomic Variable’s Volatility  

With volatility, the monthly variance in the macroeconomic variable is considered, 

which is estimated similarly to Schwert (1989). Specifically, an autoregressive model with 

quarterly dummies to estimate monthly macroeconomic volatility is used: 

𝑋𝑋𝑡𝑡 = 𝛼𝛼 + 𝑏𝑏1𝐷𝐷𝑄𝑄2 + 𝑏𝑏2𝐷𝐷𝑄𝑄3 + 𝑏𝑏3𝐷𝐷𝑄𝑄4 + 𝛽𝛽𝑋𝑋𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                     (5.10) 

where the parameter (𝜀𝜀�̂�𝑡)2 constructs the monthly volatility time series for any macroeconomic 

variables 𝑋𝑋𝑡𝑡. The dummies 𝐷𝐷𝑄𝑄 are added to account for seasonality in the time series, and are 

specified such that 𝐷𝐷𝑄𝑄2 is 1 for the months April, May and June, and zero otherwise. 𝐷𝐷𝑄𝑄3 and 

𝐷𝐷𝑄𝑄4 are defined likewise. Based on the research question and the design of the method, the 

following section will present the results of empirical analysis.   
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5.4 Empirical Results 

The objective of this research is to investigate the macroeconomic determinants of the 

volatility of commodity futures. By using the GARCH-MIDAS model, it decomposes the 

variance components into short-run and long-run variances. A wide range of macroeconomic 

variables that cover the economic environment, monetary policy and financial factors are 

employed for determining the long-run variance of commodity futures. This section presents 

the results of the linkage between commodity price volatility and a broad range of 

macroeconomic variables. To begin with, this study examines the GARCH-MIDAS model 

with realised volatility. This is in order to build a proper model with macroeconomic variables 

later in this research. In addition to the models with realised volatility, a restricted specification 

of equation (5.4) with θ equals to 0 and the ω equals to 0 are also estimated. In this way, the 

GARCH-MIDAS model has been reduced to a GARCH (1, 1) model with constant 

unconditional volatility. The results are presented in Table 5.6.   

Secondly, this section investigates the macroeconomic determinants of the long-run 

variance based on individual countries. Table 5.7 and Table 5.8 present the results of domestic 

macroeconomic determinants at level and volatility in the Chinese market, respectively. Table 

5.9 and Table 5.10 show results of international macroeconomic determinants at level and 

volatility in the Chinese market, respectively. Table 5.11 presents the results of domestic 

macroeconomic determinants at level and volatility in the Indian market, respectively. Finally, 

Table 5.12 shows the results of international macroeconomic determinants at level and 

volatility in the Indian market, respectively.  
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5.4.1 Estimation with Realised Variance 

In order to build the model with macroeconomic time series later in the analysis, it is 

crucial to define the optimal time span t and MIDAS lag year k, which are used in the MIDAS 

polynomial specification of the 𝜏𝜏𝑡𝑡 component. The realised variance (RV) is employed to find 

the best-fit model. To find the optimal frequency of t, the log-likelihood function is firstly used 

to maximise with respect to the time span covered by RV. The results suggest that the low-

frequency is best described by the monthly specification. Further the optimal number of lags is 

selected by maximising the BIC. In this study, 2 MIDAS lag years (24 lags (k)) are used for 

the GARCH-MIDAS model to achieve the best representation of low-frequency volatility.  

Table 5.6 provides the parameter estimates for GARCH-MIDAS with realised variance 

for both Chinese and Indian commodity futures markets and results of reduced form GARCH 

(1, 1) Model. As can see from the table in the Chinese market, except for soybean meal and 

soybean oil, the realised volatility of all other variables can be a good proxy for the long-run 

component of volatility. However, in the Indian commodity futures markets, except for copper 

and gold, the remaining futures contracts show that the realised volatility may not be a good 

proxy for the long-run component of volatility. 
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Table 5.6: Parameter Estimates for GARCH-MIDAS with Realised Variance 

Variable µ 𝜶𝜶 𝜷𝜷 θ 𝝎𝝎 m LLF/BIC GARCH(1,1) 
Panel A: Chinese Market 
Copper -0.0001 0.1107*** 0.8562*** 0.2009*** 2.2805*** 0.0088*** 6683.53 7735.16 
 (0.59) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -13319.80 2103.26*** 
Aluminium -0.0002 0.2646*** 0.6272*** 0.3707*** 3.2369*** 0.0034*** 8784.53 9269.24 
 (0.13) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -17521.90 969.41*** 
Gold 0.0000 0.1234*** 0.2065*** 0.2085*** 2.2684*** 0.0078*** 4855.83 5532.72 
 (0.92) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -9666.39 1353.78*** 
Soybean 0.0004 0.3297*** 0.2715*** 0.1379*** 2.5863* 0.0099*** 7097.57 8049.78 
 (0.04) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -14148.20 1904.43*** 
Soybean Meal -0.0002 0.0212*** 0.9610*** 0.0012 29.4740 0.0165*** 6743.46 7153.94 
 (0.47) (<0.01) (<0.01) (1.00) (1.00) (<0.01) -13439.70 820.97*** 
Soybean Oil 0.0004 0.0719*** 0.9057*** 0.0255 45.3230 0.0214*** 5529.16 6285.99 
 (0.19) (<0.01) (<0.01) (0.69) (0.92) (<0.01) -11011.70 1513.67*** 
Corn 0.0003 0.3054*** 0.0546*** 0.1450*** 49.9490*** 0.0116*** 7282.42 8122.02 
 (0.24) (<0.01) (<0.01) (<0.01) <0.01 (<0.01) -14517.60 1679.20*** 
Sugar 0.0000 0.2189*** 0.7133*** 0.1871*** 1.0015*** 0.0111*** 6723.18 7378.91 
 (0.96) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -13399.70 1311.46*** 
Fuel Oil 0.0004 0.1680*** 0.5845*** 0.3163*** 3.8831*** 0.0079*** 5890.15 6477.16 
 (0.12) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -11733.30 1174.02*** 
 
 
 
 

To be continued on next page  
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Table 5.6 continued  
 
Panel B: Indian Market 
Copper 0.0001 0.0743 0.8729 0.2145*** 4.2759 0.0035 10919.80 12259.86 
 (0.22) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -21790.90 2680.120*** 
Aluminium 0.0000 0.0310 0.9571 0.0010 5.0857 0.0053 9673.34 10892.02 
 (0.81) (<0.01) (<0.01) (1.00) (1.00) (<0.01) -19298.90 2437.36*** 
Nickel 0.0000 0.0369 0.9627 0.0018 29.2810 0.0202 9607.70 10769.95 
 (0.97) (<0.01) (<0.01) (1.00) (1.00) (<0.01) -19166.90 2324.50*** 
Gold 0.0004 0.5116 0.1454 0.2787*** 22.3210 0.0034 12136.50 13726.94 
 (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -24224.20 3180.88*** 
Castor Seed -0.0010 0.9999 0.0000 0.0064 26.9050 0.5537 9720.20 11386.84 
 (<0.01) (<0.01) (1.00) (1.00) (1.00) (1.00) -19391.80 3333.28*** 
Mustard Seed 0.0038 0.9999 0.0000 0.0000 23.2550 0.9483 8958.78 11538.57 
 (<0.01) (<0.01) (1.00) (1.00) (1.00) (1.00) -17868.90 5159.58*** 
Crude Oil 0.0002 0.0567 0.9374 0.0036 4.8877 0.0090 9307.81 10608.79 
 (0.07) (<0.01) (<0.01) (1.00) (1.00) (<0.01) -18567.50 2601.96*** 

 

Notes: The GARCH-MIDAS realised volatility model for different commodities, with monthly specification and 2 MIDAS lag years. The 𝜔𝜔 in the table is 𝜔𝜔2 as the optimal 
𝜔𝜔1 is 1 such that the optimal weights are monotonically decreasing over the lags. The numbers in the parenthesis are robust t-statistic computed with HAC standard errors. LLF 
is the optimal log-likelihood function value and BIC is the Bayesian Information Criterion. The restrictions on GARCH (1, 1) model with respect to the GARCH-MIDAS 
model are two (θ=ω=0). The 1%, 5% and 10% critical values for the Chi-squared distribution with three degrees of freedom are equal to 11.345, 7.815, and 6.251, respectively. 
The last column presents the value of the LLF of the GARCH (1, 1) with the Chi-squared test statistic of the log likelihood ratio test with respect to the GARCH-MIDAS model 
below. ***, **, * represent the results are significant at 1%, 5% and 10%, respectively. 
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Table 5.6 reports the coefficient estimates of the GARCH-MIDAS model with realised 

volatility as estimated by equations (5.2) - (5.7). The parameter estimates for each commodity 

futures are reported in the first six columns and the corresponding p-values are reported 

underneath. The θ is the variable of interest, which shows the relationship between realised 

volatility of MIDAS lag years and the low-frequency component of volatility. In the Chinese 

markets, in all cases θ is strongly significant and positive, except for soybean meal and soybean 

oil. This indicates that the information contained in the RV of 2 MIDAS lag years helps explain 

low-frequency component of volatility and the higher levels of past RV lead to higher level of 

τ. In terms of the Indian market, the results are different from the Chinese market, which shows 

that the RV in copper and gold has a significant and positive impact on low-frequency 

component of volatility. Therefore, the soybean meal and soybean oil in the Chinese market, 

as well as aluminium, nickel, castor seed, mustard seed and crude oil in the Indian market have 

been excluded for further analysis.29  

Another interesting feature appearing in the GARCH-MIDAS model is that the sum of 

α and β is less than 1, whereas in the GARCH type models the sum of α and β is 1. This 

indicates a lower persistence in the low-frequency component of volatility (Engle et al., 2013). 

Figure A.1-B.2 present the volatility components of the model for all commodities with 

significant θ in the Appendix.  

In addition to the models with realised volatility, the restricted specification of the 

GARCH-MIDAS model, which the θ and ω in Equation (5.4) are specified to 0. In this case, 

the GARCH-MIDAS model has been reduced to the GARCH (1, 1) model with constant 

unconditional variance (Conrad, Loch, & Rittler, 2012; Magrini & Donmez, 2013). The 

                                                           
29 The insignificant coefficient estimate of realised volatility indicates the information contained in the RV of 2 
MIDAS lag years is not a good proxy for the low-frequency component of volatility. When including these 
commodity futures in the following analysis maximise process will not converge. Therefore, the results are not 
presented in the following analysis, but the results are available upon request from the authors. 
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GARCH (1, 1) is nested in the GARCH-MIDAS specification; therefore, the comparison of 

the two models is straightforward. The last column reports the log likelihood and the value of 

the log likelihood function (LLF) of the GARCH (1, 1), with the Chi-squared test statistic of 

the log likelihood ratio with respect to the GARCH-MIDAS model below. The LLF is 

calculated as follows:  

2[ LLFGARCH (1,1) - LLFGARCH-MIDAS] ~ χ2(df)                                             (5.11) 

where the df indicates the degree of freedom. The value equals the number of restricted 

coefficient estimates.  

The results show that the Chi-squared test statistics are significant at the 1% level. This 

indicates that the GARCH-MIDAS outperforms the GARCH (1, 1) model for all selected 

commodity futures. According to the results in Table 5.6, the following estimations with 

macroeconomic variables will exclude the commodities that fail to show a significant 

relationship between realised volatility and long-run variance. 

5.4.2 Estimation with Macroeconomic Determinants 

This section answers the question “How do the macroeconomic variables impact the 

low-frequency component of commodity price volatility?” To do this, the GARCH-MIDAS 

model is used and replaces the realised volatility by macroeconomic variables. Following Van 

den Elzen (2014) and Magrini and Donmez (2013), both macroeconomic levels and volatility 

time series, with τ specified in Equations (5.8) and (5.9) are investigated. The GARCH-MIDAS 

model is computationally complex; inclusion of several macroeconomic variables in one model 

will cause identification and/or convergence problems. Therefore, the GARCH-MIDAS model 

with one macroeconomic time series is estimated each time. As suggested by the estimation of 
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the model with RV, a monthly macroeconomic series with 2 MIDAS lag years is used to achieve 

the best fit and stability.  

The results for the Chinese and Indian markets have been presented separately. 

Subsection 5.3.1 presents the results of the Chinese markets and subsection 5.3.2 shows the 

results of the Indian markets.    

The macroeconomic variables used for each market have been defined in the data 

section and in the following analyses, the impact of domestic information and international 

information are separated. Since the long-run variance is the variable of interest, and it is 

affected by macroeconomic variables, in the following Table 5.7 to Table 5.12, only the slope 

parameter estimates θ is reported. 



Chapter 5 Volatility Determinants  
 

165 
 

Table 5.7: Estimates of θ for Domestic Macroeconomic Determinants Levels in the Chinese Market 
 Macroeconomic Variable 

Commodity GDP IP M2 IR T-spread CLI_C CCI CNY 
Copper 0.0043*** 0.0018*** 0.0023*** -0.0036*** 0.0139*** -0.0053 -0.0088*** -0.0007*  

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.28) (<0.01) (0.09) 
Aluminium 0.0032*** 0.0012*** -- -0.0007*** 0.0033*** -0.0087*** -0.0088*** -0.0068***  

(<0.01) (0.04) -- (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Gold 0.0031*** 0.0012*** 0.0013*** -0.0048*** 0.0102*** -0.0001 -0.0005*** -0.0070***  

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.45) (0.37) (<0.01) 
Soybean 0.0000 -0.0001*** -0.0002*** 0.0001 2.4441** -0.0086*** -0.0088*** 0.0039***  

(1.00) (0.02) (<0.01) (0.49) (0.01) (<0.01) (<0.01) (<0.01) 
Corn -0.0019*** -0.0006*** -0.0013*** 0.0021*** -0.0018*** 0.0000 -0.0025*** 0.0003***  

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.92) (<0.01) (<0.01) 
Sugar 0.0030*** 0.0013*** 0.0011*** -0.0021*** 0.0116*** -0.0087*** -0.0088*** -0.0066***  

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Fuel Oil -0.0137*** -0.0057*** -0.0034*** 0.0445*** -0.5525*** -0.0083*** 0.0127*** 0.0006***  

(<0.01) (<0.01) (<0.01) (0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Notes: The GARCH-MIDAS model with macroeconomic level variables as specified in Equation (5.8), for the different commodities. The table shows the θ value 
and the corresponding p-value in the bracket. The macroeconomic variables used in the analysis are consumer price index (CPI), Bloomberg estimated gross domestic 
product (GDP), industrial production index (IP), money supply (M2), short-term interest rate (IR), term spread between 10-year government bond and 1 year 
government bond (T-spread), shanghai stock index (STOCK), OECD leading indicator for China (CLI_C), consumer confidence index (CCI) and the real effective 
exchange rate, which is the Chinese RMB against a basket of major currencies (CNY). However, the likelihood maximisation does not converge for CPI and M2 for 
Aluminium, and the results are thus not reportable. The result for θ is relatively small; it has been thus rescaled by multiplication of 102 to make results easier to 
explain. ***, **, * represent the level of significance at 1%, 5% and 10%, respectively. 
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Table 5.7 presents the results of the relationship between the domestic macroeconomic 

determinants and the volatility of commodity futures in the Chinese market. From an economic 

perspective, the impact of macroeconomic variables on commodity futures volatility is very 

small. On the other hand, the volatility of commodity futures is statistically and significantly 

determined by macroeconomic variables, except for CPI and stock changes. More specifically, 

commodities from different sectors reflect to changes in macroeconomic conditions in different 

ways. The economic activities and monetary environment (GDP, IP and M2) show a significant 

and positive relation with metals and precious metals. This indicates that when GDP, IP and 

M2 increase, the volatility in copper, aluminium and gold increases too. The increase in GDP 

reflects the economic growth. High GDP indicates the country is increasing the amount of 

production in the economy, and people have a higher income and are willing to spend more. 

This may result in a higher demand for goods and products; the high demand may cause an 

increase in commodity volatility. The IP shows a significant and positive correlation with the 

GDP (0.99); therefore, the results for IP are similar to GDP. Similarly, an increase in M2 

reflects the economic weaknesses, and the commodity prices are more volatile during the 

recession period.  

However, factors that represent economic activities and monetary environment are 

shown to have a negative impact on grain and oil markets. This inverse relationship may be 

due to the high government interventions in markets (Bhar & Hamori, 2006; Wang and Ke, 

2005). In China, it is believed that the grain market is subject to large fluctuations without the 

government intervention. The instability in the grain market may lead to either short or surplus 

of supply, which will damage both consumers and producers seriously. The government is 

therefore highly involved in the grain market in order to stabilise the grain market. As a result, 

the grain prices are less affected by economic activities. 
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In terms of monetary policy, two variables are employed, interest rate and T-spread. 

Interest rate reflects the monetary policy changes. The negative variation in interest rate causes 

a positive change in volatility of commodity futures, except for grain markets futures contracts 

(soybean and corn). Given these results, it is expected that the sign associated with monetary 

policy changes switches from being negative to being positive. In fact, an expansionary 

monetary policy shock (decrease in interest rate) generally decreases the short-term interest 

rate more than the long-term one. Consequently, the T-spread increases. Consistent with the 

interest rate findings, the results of T-spread also show that the expansionary monetary policy 

cause an increase in volatility of commodity futures. These results are consistent with the 

findings of Amendola, Candila, and Scognamillo (2017), who also find a positive relationship 

between interest rate and crude oil volatility, and a negative relationship between T-spread and 

crude oil volatility.  

CLI is an economic leading indicator, which represents the future expectation of the 

business cycle. It shows a significant negative relationship with the volatility of commodity 

futures. This indicates that the decrease in the future expectation of the business cycle will 

cause an increase in volatility of Chinese commodity futures. CCI shows the consumers’ 

confidence in the market has a significant negative relation with the volatility of commodity 

futures, except for fuel oil.  This negative relation indicates that when consumer confidence 

increases in the market, the commodity prices become less volatile and vice versa. Finally, the 

real effective exchange rate indicates that the increase in CNY causes a decrease in volatility 

of commodity futures, except for grain commodities and fuel oil. After examining the impact 

of macroeconomic determinants at levels, the following table examines the impact of volatility 

of domestic macroeconomic variables on commodity futures volatility in China. 
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Table 5.8: Estimates of θ for Domestic Macroeconomic Determinants Volatilities in the Chinese Market 

 Macroeconomic Variable 
Commodity CPI GDP IP M2 IR T-spread STOCK CLI_C CCI CNY 
Copper 1.9348* 5.4298*** 1.0810*** 0.9738*** 0.2049* 4.1407 0.0072** 0.0008*** -0.0011*** 5.6160*** 
 (0.06) (<0.01) (<0.01) (<0.01) (0.10) (0.32) (0.01) (<0.01) (<0.01) (<0.01) 
Aluminium 10.3660 17.5010 5.2635 6.1913 0.3644 -0.3663 0.1228 0.0069 -0.0017 27.5440 
 (0.27) (0.23) (0.28) (0.27) (0.22) (0.93) (0.30) (0.29) (0.16) (0.25) 
Gold 2.1415*** 3.0070*** 0.5797*** 0.5764*** 0.1271*** 12.4170*** 0.0100*** 0.0004*** 0.0005*** 2.8786*** 
 (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Soybean 0.5376*** -0.2621*** -0.0518*** -0.0987*** -0.0960*** -6.7145*** 0.0338*** 0.0001*** -0.0004*** -0.2726** 
 (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.03) 
Corn -0.3627*** -0.6308*** -0.1683*** -0.0669*** -0.0102** -1.3514*** -0.0042*** -0.0001*** -0.0002*** -0.8652*** 
 (<0.01) (<0.01) (<0.01) (<0.01) (0.02) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Sugar 1.0610*** 1.8354*** 0.4470*** 0.2770*** -0.0870*** 1.2957 0.0080*** 0.0003*** -0.0006*** -0.8315** 
 (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.45) (<0.01) (<0.01) (<0.01) (0.01) 
Fuel Oil -3.8509*** 3.0612*** -0.5475* -0.4567 0.0519 -8.5797*** 0.0177*** -0.0005*** -0.0006*** -2.3529* 
 (<0.01) (<0.01) (0.07) (0.11) (0.41) (<0.01) (<0.01) (<0.01) (<0.01) (0.08) 

Notes: The GARCH-MIDAS model with macroeconomic volatility variables as specified in Equation (5.9), for the different commodities. The table shows the θ value and the 
corresponding p-value in the bracket. The macroeconomic variables used in the analysis are consumer price index (CPI), Bloomberg estimated gross domestic product (GDP), 
industrial production index (IP), money supply (M2), short-term interest rate (IR), term spread between 10-year government bond and 1-year government bond (T-spread), 
Shanghai stock index (STOCK), the Composite Economic Leading Indicator for China (CLI_C), consumer confidence index (CCI) and the real effective exchange rate, which is 
the Chinese RMB against a basket of major currencies (CNY). ***, **, * represent the level of significance at 1%, 5% and 10%, respectively. 
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Table 5.8 provides information about the relationship between the volatility of 

commodity futures and the macroeconomic fluctuations. Compared to the results of levels, the 

results of volatility show a better economic significance. Overall, the fluctuation in the 

macroeconomic variables plays a significant role in predicting the volatility of commodity, 

except for aluminium. In addition, the uncertainty in the macroeconomic variables always 

causes an increase in the volatility of metals and precious metals commodity futures, except 

for CCI. On the other hand, the fluctuations in the macroeconomic variables show a significant 

negative relation with the volatility of grain commodities and fuel oil.  

Being more specific, the volatilities of other commodities are positively affected by CPI 

uncertainty, except for corn and fuel oil. This indicates that the increase in volatility of CPI 

inflation causes an increase in commodity futures fluctuation. The reason behind this may be 

because that commodities are considered as inflation hedges (Ghosh et al. 2004; Gorton & 

Rouwenhorst, 2006; Kolluri, 1981; Mahdavi & Zhou, 1997). Therefore, the uncertainty in the 

CPI inflation rate reflects all the increased risk in inflations and this risk will cause an increase 

in futures volatility. Similarly, GDP is generally used to measure the health of economy. When 

GDP becomes more volatile, it indicates that the uncertainty in the economy increases, which 

may increase the uncertainty in commodity prices. Therefore, the results show a positive 

relation between GDP volatility and commodity futures volatility. Compared to GDP, IP and 

M2 also show a positive relationship between IP/M2 volatility and the volatility of commodity 

futures, except for grain and oil futures. This result is consistent with Liu et al. (2015), who 

also show a significant positive relationship between M2 volatility and the volatility of gold 

futures. The results of interest rate and T-spread are mixed. The volatility of interest rate and 

T-spread reflect the uncertainty in monetary policies and it can be caused by either an increase 

or a decrease of interest rate/T-spread. As a result, its impact on the volatility of commodity 

futures can be either positive or negative.  
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In terms of stock market volatility, the results show that all commodity futures volatility 

is positively related to stock market volatility, except for corn futures. This indicates that the 

volatile stock market leads to an increase in the volatility of commodity futures.  

CLI_C represents the early signal of the turning point of economic activities. Consistent 

with the hypothesis, it shows a positive relationship between the volatilities of the economic 

leading indicator of China and the Chinese commodity price volatility, except for corn and fuel 

oil. However, the economic significance of CLI volatility is relatively small compared to other 

macroeconomic volatilities.  

CCI is the consumer confidence index; the findings show that the volatility of CCI 

shows a significant negative relationship with the volatility of all commodity futures, except 

for gold. The volatile CCI indicates that consumers are re-estimating the futures expectation 

more frequently. However, the commodity futures markets are responding by taking no action 

or people may be trade less in the market.   

The results of the real effective exchange rate of Chinese RMB are distinct among 

different commodities. Based on the statistics of the World Integrated Trade Solution (WITS), 

the US was ranked as top one exporter of agricultural raw materials to China in 2015, at the 

value of $9,641,200.97. On the other hand, export of metal products to the US is higher than 

the import of metal products from the US. Based on this information, it can be concluded that 

the agricultural commodities are more affected by the uncertainty in the US dollars, whereas 

the metals are more affected by the uncertainty in the Chinese RMB. As a result, the volatility 

of copper and gold show a significant positive relationship with the uncertainty in Chinese 

RMB, while the volatility of agricultural commodity futures show a significant negative 

relationship with the fluctuation of Chinese RMB. 
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Since Chinese commodity markets have played a significant role in the global context, 

the volatility of Chinese commodity markets may not be only affected by the macroeconomic 

conditions of Chinese markets. It may also reflect the economic environment of the US market. 

Therefore, the impact of the US macroeconomic variables on the volatility of Chinese 

commodity futures is examined and the results are presented in Table 5.9 and Table 5.10. 
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Table 5.9: Estimates of θ for International Macroeconomic Determinants Levels in the Chinese Market 

Macroeconomic Variable 
Commodity CPI IP M2 IR T-spread Stock CCI CLI_U CLIOECD USD 
Copper 0.3342* -0.0002** -0.0042** -0.0042** -0.0007 -0.0042** 0.0000 -0.0001*** -0.0001*** -0.0001***  

(0.09) (0.04) (0.03) (0.03) (0.81) (0.04) (0.75) (<0.01) (<0.01) (<0.01) 
Aluminium 0.0042 -0.0001*** -0.0095 0.0108 -0.0053 -0.0468 -0.0001*** -0.0001*** -0.0001*** --  

(0.28) (<0.01) (0.23) (0.19) (0.34) (0.25) (<0.01) (<0.01) (<0.01) -- 
Gold 0.0158*** 0.0000*** 0.0004 0.0143*** 0.0075*** 0.0009* -0.0001*** -0.0001*** -0.0001*** -0.0001***  

(<0.01) (<0.01) (0.10) (<0.01) (<0.01) (0.08) (<0.01) (<0.01) (<0.01) (<0.01) 
Soybean 0.0018*** -0.0001*** 0.0012*** 0.0013*** -0.0028*** -0.0048*** 0.0000 -0.0001*** -0.0001*** -0.0001***  

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.94) (<0.01) (<0.01) (<0.01) 
Corn -0.0050*** -0.0001*** 0.0006*** -0.0014*** 0.0023*** 0.0010*** 0.0000 0.0000 0.0000 -0.0001***  

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.59) (0.54) (0.40) (<0.01) 
Sugar 0.0041*** -0.0001*** -0.0028*** 0.0034*** -0.0011* -0.0056*** -0.0001*** 0.0000 -0.0001*** -0.0001***  

(<0.01) (<0.01) (<0.01) (<0.01) (0.10) (<0.01) (<0.01) (0.67) (<0.01) (<0.01) 
Fuel Oil 0.0118*** 0.0000*** 0.0102*** 0.0077*** 0.0025 -0.0343*** -0.0001*** -0.0001*** -0.0002*** -0.0001  

(<0.01) (<0.01) (<0.01) (<0.01) (0.38) (<0.01) (0.02) (<0.01) (<0.01) (0.11) 
 

Notes: The GARCH-MIDAS model with macroeconomic volatility variables as specified in Equation (5.8), for the different commodities. The table shows the θ value and the 
corresponding p-value in the bracket. The macroeconomic variables used in the analysis are consumer price index (CPI), industrial production index (IP), money supply (M2), consumer 
confidence index (CCI), S&P 500 stock index changes (STOCK), interest rate (IR), term spread between 10-year government bond and 3-month treasury bills (T-spread), USD real 
effective exchange rate, which is the US dollars against a basket of major currencies (USD), composite leading indicator for the US and OECD countries (CLI_US AND CLI_OECD). 
However, the likelihood maximisation does not converge for USD for Aluminium, and the result is thus not reportable. ***, **, * represent the level of significance at 1%, 5% and 10%, 
respectively. 
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Table 5.9 shows the relationship between the US macroeconomic environment and the 

volatility of Chinese commodity futures. In general, the volatility of commodity futures is 

significantly related to macroeconomic variables in the US. Except for aluminium and corn, all 

other commodity futures show a significant positive relation with CPI. This indicates that an 

increase in inflation in the US causes an increase in volatility in Chinese commodity futures. 

In terms of IP, the results show that the macroeconomic variables are negatively related to 

commodity futures volatility, except for gold and fuel oil.  

The results for M2 are mixed. The volatility of copper and sugar are negatively related 

to commodity futures, and the volatility of soybean, corn and fuel oil show a strong and positive 

relation with M2. CCI reflects the consumers’ confidence towards the market, and the results 

show that when consumer confidence increases, the volatility of aluminium, gold, sugar and 

fuel oil decreases. In terms of financial markets information, the findings show that the 

volatility of copper, soybean, sugar and fuel oil are significantly and negatively related to stock 

market changes. This indicates that an increase in stock market return will lead to a decrease 

in commodity volatility. However, gold and corn show that the stock market returns are 

positively related to commodity volatility. In terms of interest rate, the findings show that the 

increase in interest rate will cause an increase in commodity futures volatility, except for copper 

and corn.   

In terms of T-spread, gold futures show a positive relationship as expected, whereas 

soybean and sugar show a negative and statistically significant relationship. These results 

indicates that the information contained in the US term spread does not have the same impact 

as the information contained in the Chinese term spread. The findings of real effective 

exchange rate show that the US dollar values are negatively related to commodity volatility. 

This indicates that an appreciation of the US dollar value will decrease the volatility of 
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commodity futures. In terms of the economic leading indicators, the results show a negative 

relation with the volatility of commodity futures. Table 5.10 presents the results of the US 

macroeconomic determinants at volatility.  
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Table 5.10: Estimates of θ for International Macroeconomic Determinants Volatilities in the Chinese Market 

 Macroeconomic Variable 
Commodity CPI IP M2 Stock IR T-spread CCI CLI_US CLIOECD USD 
Copper 5.3963*** 0.4047*** 1.6067** 0.0008*** 11.3240*** 20.8930*** -0.0005 0.0018*** 0.0022*** 5.2612*** 
 (<0.01) (<0.01) (0.05) (<0.01) (<0.01) (<0.01) (0.49) (<0.01) (<0.01) (<0.01) 
Aluminium 7.5959*** 1.6246 4.0648 0.0031 67.8210 116.9000 -0.0035 0.0081 0.0126 20.9000 
 (<0.01) (0.25) (0.22) (0.18) (0.24) (0.26) (0.29) (0.29) (0.25) (0.29) 
Gold 2.7832*** 0.4363*** 1.1003*** 0.0004*** 8.6728*** 12.1340*** 0.0004*** 0.0012*** 0.0013*** 3.3927*** 
 (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Soybean -0.1009*** -0.0700*** -0.4200*** 0.0001*** 3.9440*** 3.1163*** 0.0005*** 0.0001*** 0.0002*** 0.9149*** 
 (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Corn -0.5843*** -0.0332*** -0.3391*** -0.0001*** -1.7689*** -2.2529*** -0.0009*** -0.0001*** -0.0001*** -0.2584***  

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Sugar 2.3306*** 0.3144*** 0.8763*** 0.0003*** 4.3118*** 5.4386*** -0.0010*** 0.0006*** 0.0008*** -0.3761** 
 (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (0.02) 
Fuel Oil -3.5160* -0.7022*** 2.5708** 0.0005** 27.5000*** 25.3800*** 0.0053*** 0.0016*** 0.0025*** 5.9369*** 
 (0.05) (<0.01) (0.01) (0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 

 

Notes: The GARCH-MIDAS model with macroeconomic volatility variables as specified in Equation (5.8), for the different commodities. The table shows the θ value and the 
corresponding p-value in the bracket. The macroeconomic variables used in the analysis are consumer price index (CPI), industrial production index (IP), money supply (M2), 
consumer confidence index (CCI), S&P 500 stock index changes (STOCK), interest rate (IR), term spread between 10-year government bond and 3-month treasury bills (T-
spread), USD real effective exchange rate, which is the US dollars against a basket of major currencies (USD), composite leading indicator for the US and OECD countries 
(CLI_US AND CLI_OECD). ***, **, * represent the level of significance at 1%, 5% and 10%, respectively. 
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Table 5.10 presents the summary results of θ estimation for determinants of US 

macroeconomic variables volatilities in Chinese commodity markets. Similar to the results for 

the Chinese market information, the volatility of international information shows a better 

economic significance than the levels.  Consistent with the Chinese market information, all 

commodity volatilities show significant relations with macroeconomic volatilities in the US, 

except for aluminium. In particular, the volatilities of commodity futures are significantly and 

positively related to uncertainty in inflation, except for grain commodities and fuel oil. This 

indicates that the increase in uncertainty of inflation will result in a raise in commodity futures 

volatility. The same results show in IP, which indicates that the increase in uncertainty of IP 

will cause an increase in volatility of commodities. The findings of money supply also show 

that the uncertainty in money supply is significantly and positively related to volatility of 

commodity futures, except for grain markets.  

Term spread and interest rate capture the information in monetary policy and therefore, 

they are considered as US monetary policy proxies. The results show that both term spread and 

interest rate are significantly and positively related to the volatility of commodity futures, 

except for aluminium and corn. The results for stock market volatility are consistent with the 

findings of the Chinese market ones, which shows that an increase in stock market volatility 

will cause an increase in volatility of commodity futures.  

CCI results are quite mixed. CLI shows that except for aluminium and corn, the 

volatility of commodity futures shows a significant positive relationship with the uncertainty 

of the economic leading indicators. The findings of the real effective exchange rate show that 

more volatile US dollars will lead to an increase in the volatility of commodity futures, except 

for corn and sugar.  
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After examining the Chinese commodity markets the same analyses are constructed in 

the Indian markets and the estimation results are presented in the following subsections. Table 

5.11 presents the estimation results for domestic macroeconomic determinants, both at level 

and volatility in the Indian market, and Table 5.12 shows the impact of US macroeconomic 

variables on the Indian commodity futures.  
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Table 5.11: Estimation Results for Domestic Macroeconomic Determinants in the Indian Market 

 Macroeconomic Variable 
Commodity CPI IP M2 STOCK IR T-spread CLI_IND INR 
Panel A: Level         
Copper -0.0002*** 0.0003*** -0.0001* 0.0000 -0.0006*** 0.0005*** -0.0001*** -0.0001***  

(<0.01) (<0.01) (0.07) (0.89) (<0.01) (0.01) (<0.01) (<0.01) 
Gold 0.0985*** 0.0000 0.0007*** -0.0004*** -0.0001 -0.0006*** -0.0001*** -0.0001***  

(<0.01) (0.27) (<0.01) (<0.01) (0.22) (<0.01) (<0.01) (<0.01) 
Panel B: Volatility         
Copper -0.0310** -0.0030 0.0061** 0.0205*** 0.0787** 0.0544 0.0008*** 0.0806** 
 (0.03) (0.54) (0.03) (<0.01) (0.04) (0.53) (<0.01) (0.05) 
Gold -0.2063*** -0.0016** -0.0170*** 0.0179*** -0.0190*** 0.3667*** -0.0003*** -0.5567*** 
 (<0.01) (0.02) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 

Notes: The GARCH-MIDAS model with macroeconomic variables as specified in equations (5.8) and (5.9), for the different commodities. The table shows the θ value and 
the corresponding p-value in the bracket. The macroeconomic variables employed in the analysis are consumer price index (CPI), industrial production index (IP), money 
supply (M2), composite leading indicator for India (CLI_IND), S&P BSE SENSEX index changes (STOCK), interest rate (IR), term spread between 10-year government 
bond and 3-month treasury bills (T-spread), INR real effective exchange rate, which is the Indian rupees against a basket of major currencies, ***, **, * represent the level 
of significance at 1%, 5% and 10%, respectively.   
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Table 5.11 investigates the domestic macroeconomic determinants of the Indian 

markets. In general, both level and volatility macroeconomic variables show weak economic 

significance compared to the results of the Chinese market. Particularly, changes in CPI, M2, 

CLI, IR and INR shows a significant negative relation with the volatility of copper in India. IP, 

stock and yield show a significant positive relation with the volatility of copper in India. 

However, the findings in the gold market show a different story: that changes in CPI, M2 and 

IP are positively related to the volatility in gold futures; while CLI, stock, T-spread, IR and 

INR show a negative relationship with the volatility of commodity futures. Panel B shows the 

relationship between the volatility of macroeconomic variables and the volatility of commodity 

futures. Overall, the volatility of copper futures is more positively affected by macroeconomic 

volatility, while gold futures are more negatively affected by macroeconomic volatility. Except 

for CPI and IP, the remaining selected macroeconomic variables show a significant positive 

relationship with the volatility of copper futures. In terms of gold futures, except for stock and 

T-spread, the rest of selected macroeconomic variables show a significant negative relationship 

with the volatility of gold futures. Therefore, it can be concluded that because of the unique 

characteristics of distinct commodities, its reflection towards the uncertainty of 

macroeconomic variables is different. The following table examines the impact of US 

macroeconomic variables on the volatility of copper and gold futures in the Indian market.  
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Table 5.12: Estimation Results for International Macroeconomic Determinants in the Indian Market 

 Macroeconomic Variable 
Commodity CPI IP M2 CCI STOCK IR T-spread USD CLI_US CLOSED 
Panel A: Level         
Copper  0.0005* -

0.0001*** 
-0.0005*** -- -0.0010*** 0.0009*** -0.0008** -0.0001*** -

0.0001*** 
-0.0001*** 

 
(0.05) (<0.01) (<0.01) -- (<0.01) (<0.01) (0.02) (<0.01) (<0.01) (<0.01) 

Gold 0.0005**
* 

-
0.0001*** 

-0.0006*** -0.0001*** -0.0012*** 0.0008*** -0.0011*** -0.0001*** -
0.0001*** 

-- 
 

(<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) -- 
Panel B: Volatility         
Copper  0.7007**

* 
0.0683*** 0.0384 -0.0001* 0.0299*** 2.1457*** 3.4593*** 0.3264*** 0.0002*** 0.0003*** 

 (<0.01) (<0.01) (0.54) (0.05) (0.02) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
Gold  0.5075**

* 
-
0.0128*** 

-0.2893*** 0.0003*** -0.0203*** 4.0188*** 1.6091*** 0.4335*** 0.0000*** 0.0000*** 

 (<0.01) (0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) 
 

Notes: The GARCH-MIDAS model with macroeconomic volatility variables as specified in equations (5.8) and (5.9), for the different commodities. The table shows the θ 
value and the corresponding p-value in the bracket. The macroeconomic variables employed in the analysis are consumer price index (CPI), industrial production index (IP), 
money supply (M2), consumer confidence index (CCI), S&P 500 stock index changes (STOCK), interest rate (IR), term spread between 10-year government bond and 3-month 
treasury bills (T-spread), USD real effective exchange rate, which is the US dollars against a basket of major currencies (USD), composite leading indicator for US and OECD 
countries (CLI_US AND CLI_OECD). ***, **, * represent the level of significance at 1%, 5% and 10%, respectively. 
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This table examines the international macroeconomic determinants of the Indian 

markets. In general, the results of both levels and volatilities of macroeconomic variables show 

a significant relation with commodity futures’ volatility. In particular, the majority of 

macroeconomic variables show a negative relationship with copper and gold futures, except 

for CPI and interest rate. In terms of the volatility series of macroeconomic variables, the 

majority of macroeconomic volatility show a significant positive relationship with the volatility 

of copper and gold. This positive relationship is consistent with the result for the Chinese 

market. The exemptions appear in CPI, IP, M2 and Stock, which show a significant negative 

relationship with the volatility of copper/gold futures.  

5.4.3 Discussion of Results in Chinese and Indian Markets  

Comparing the results of the level and volatility analysis, both markets show that the 

uncertainty of macroeconomic variables has better economic implications than changes in the 

macroeconomic variables. Therefore, the volatility of commodity futures is more affected by 

the uncertainty in macroeconomic variables rather than by the changes in macroeconomic 

variables. Table 5.13 presents the summary results of this Chapter. 
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Table 5.13: Summary Results 

Panel A: Summary Results for Chinese Commodity Futures   
Commodity CPI IP M2 T-spread IR STOCK CCI CLI CNY USD 
Level  
Copper -- +* +*** -** +*** -** +*** - -*** -** -- -** -*** + - -*** -* -*** 
Aluminium -- + +*** -*** -- - +*** - -*** + -- - -*** -*** -*** -*** -*** -- 
Gold -- +*** +*** +** +*** + +*** +*** -*** +*** -- +* -*** -*** - -*** -*** -*** 
Soybean  -- +*** -*** -*** -*** +*** +*** -*** + +*** -- -*** -*** + - -*** +*** -*** 
Corn -- -*** -*** -*** -*** -*** -*** +*** +*** -*** -- +*** -*** + + + +*** -*** 
Sugar -- +*** +*** -*** +*** -*** +*** -* -*** +*** -- -*** -*** -*** -*** - -*** -*** 
Fuel Oil  -- +*** -*** +*** -*** +*** -*** + +*** +*** -- -*** +*** -*** -*** -*** +*** - 
Volatility   
Copper +* +*** +*** +*** +*** +** + +*** +* +*** +** +** -*** - +*** +*** +*** +*** 
Aluminium + +*** + + + + - + + + + + - - + + + + 
Gold +*** +*** +*** +*** +*** +*** +*** +*** +*** +*** +*** +** +*** +*** +*** +*** +*** +*** 
Soybean  +*** -*** -*** -*** -*** -*** -*** +*** -*** +*** +*** +*** -*** +*** +*** +*** -*** +*** 
Corn -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** -*** 
Sugar +*** +*** +*** +*** +*** +*** + +*** -*** +*** +*** +*** -*** -*** +*** +*** -** -** 
Fuel Oil  -*** -* +*** -*** - +** -*** +*** + +*** +*** +** -*** +*** -*** +*** -* +*** 

  Panel B: Summary Results for Indian Commodity Futures  
Commodities CPI IP M2 STOCK IR T-spread CLI INR USD 
Level  
Copper -*** +* +*** -*** -* -*** + -*** -*** +*** +*** -** -*** -*** -*** -*** 
Gold +*** +*** + -*** +*** -*** -*** -*** - +*** -*** -*** -*** -*** -*** -*** 
Volatility  
Copper -*** +*** - +*** +** + +*** +*** +** +*** + +*** +*** +*** +** +**  
Gold -*** +*** -*** -*** -*** -*** +*** -*** -*** +*** +*** +*** -*** +*** -*** +**  

 

Notes: This table presents the summary of results of both domestic and international macroeconomic determinants of the volatility of Chinese and Indian commodity futures. 
Panel A and Panel B present the summary results for Chinses commodity futures and Indian commodity futures, respectively. The summary results are shown for both changes 
in macroeconomic variables and the volatility of macroeconomic variables. + represents the positive relationship; - represents the negative relationship; -- represents the results 
are unreportable. ***, **, * represent the level of significance at 1%, 5% and 10%, respectively. 
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When examining the domestic macroeconomic determinants and volatility of 

commodity futures at levels, the results of Chinese market show that grain commodities and 

fuel oil always present an opposite sign compared to commodities from other industries. This 

may be due to the high government interventions on grain and fuel oil commodity prices. Due 

to frequent natural disasters, China often suffers from fluctuations of grain output. This will 

have an unfavourable impact on the stability of grain markets. To protect the grain market and 

stability of grain markets, the Chinese government purchases the grain products at a fixed price 

and set up the minimum grain price. The production system and the special grain reserve system 

also help regulate supply and demand as well as prices on grain market. Due to the government 

control, the volatility of grain futures always shows a negative relationship with economic 

activities and monetary environment. On the other hand, results of the volatility pattern are 

more consistent. Both domestic and international macroeconomic variables show a consistent 

positive impact on the volatility of the majority of commodities futures, except for soybean, 

corn and fuel oil.  

In terms of the Indian markets, the results of levels are consistent with the findings of 

the Chinese market in most cases. The findings of the volatility series are mixed. It shows that 

the volatility of copper is more positively affected by the uncertainty of the domestic and 

international macroeconomic variables. The volatility of gold futures is more negatively 

influenced by the uncertainty of domestic macroeconomic conditions and is positively affected 

by the uncertainty in the US macroeconomic variables.  
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5.5 Conclusion  

The volatility of commodity futures is related to high-frequency market news. However, 

the influence of macroeconomic fundamentals should be taken into consideration, especially 

during the periods when commodities from distinct industries move towards the same direction. 

Research thus far has ignored this because of the lack of available data and because the models 

that can segment volatility in different data frequencies are very limited. To overcome this 

issue, this investigation of the macroeconomic determinants of the volatility of commodity 

futures uses the GARCH-MIDAS model. This model decomposes the return volatility into 

short-run and long-run components. In this way, it allows linking of the daily commodity 

futures returns with macroeconomic variables, which are sampled at lower frequencies. 

Different from the previous research, the analysis is conducted in two emerging commodity 

futures markets and covers a wide range of commodity futures from different sectors. Both 

domestic and international macroeconomic determinants of the volatility of commodity futures 

are examined. Along with the globalization and financialization processes of commodity 

markets, and the interrelation of import and export, the commodity futures may be affected by 

both domestic economic conditions and the international macroeconomic environment. The 

US market variables are considered as a proxy for the international market. The findings show 

that both domestic and international macroeconomic variables determine the long-run volatility 

of the Chinese and Indian commodity futures markets, but the results for both markets are 

different. 

The findings regarding the Chinese market show that both domestic and international 

macroeconomic variables have a weak economic impact on the volatility of commodity futures. 

In contrast, the uncertainties of both domestic and international macroeconomic variables are 

important determinants of the volatility of commodity futures, except for aluminium. Moreover, 
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the results of the volatility pattern are more consistent, which shows that the uncertainty of the 

macroeconomic variables has a significant positive impact on the volatility of commodity 

futures in most cases. This indicates that fluctuations in macroeconomic variables will cause 

an increase in the volatility of commodity futures.  

The most interesting results appear in grain and oil commodities, which always show 

an opposite sign to the results of other markets. The potential reason is the high government 

intervention in the market. Because of the large population, the Chinese market suffers from 

fluctuations in the grain output. To protect and stabilise the grain markets, the government 

takes intervention by purchasing the grain product at a predetermined fixed price and setting 

up the minimum grain price. Therefore, grain prices are less affected by changes of the 

economic environment. For instance, during the economic growth period, when the volatility 

of commodity futures is supposed to increase, government interaction locks the price into a 

stable range. These results show that there is a significant negative relationship between 

economic growth and the volatility of grain futures.  

The results from the Indian market show that both domestic and international 

information has a significant impact on the volatility of commodity futures. The information 

contained in the volatility of macroeconomic variables has a larger economic impact on the 

volatility of commodity futures.  

The findings of this research contribute to the existing literature examining the volatility 

dynamics of commodity futures by extending this research area into the less examined 

emerging markets and by covering a wide range of commodity futures and macroeconomic 

variables. This research also helps policymakers with their decision making. The significant 

relationship between the macroeconomic variable and the volatility of the commodity futures 

indicates that the government policy should be aimed at influencing macroeconomic variables 
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(fiscal and monetary policy interventions) rather than using direct price control intervention, 

which may lead to counterproductive results such as the emergence of a grey market in the 

grains. The price of spot commodities may be directly controlled but the futures market is 

influenced by macroeconomic fundamentals, as prices of physical commodities may be 

different from prices reflected in the futures markets. This disconnection in prices has the 

potential for the emergence of grey market operations. However, the government policies do 

influence futures prices in the sample period. By the time the Chinese markets are sufficiently 

integrated with the global markets, such direct control measures may not be successful in price 

stabilisation. 
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Chapter 6  

Portfolio Diversifications 

“Portfolio Benefits from Investing in Emerging Commodity Futures” 

6.1 Introduction     

Most people are familiar with the old saying, “don’t put all your eggs in one basket”; 

this analogy about risk applies to investment as well. Eggs are fragile; by putting eggs in 

multiple baskets, if one fails, the others may still be good. Similarly, investments contain risks, 

so investors should be aware of the risk and alleviate the risk by diversification. To achieve the 

diversification, investors usually hold investments with different risk levels and that have low 

correlations with each other.  

In the 1970s, practitioners and academics began to use foreign markets for 

diversifications, as they have low correlations with domestic markets (Grubel, 1968; Grubel & 

Fadner, 1971; Levy & Sarnat, 1970). However, due to the globalization and liberalisation of 

financial markets, the correlations between international equity markets have increased over 

time. As a result, the benefits from international diversification decline over time. To maintain 

the portfolio diversification benefits, investors seek alternative investment opportunities. 

Increased popularity and liquidity, as well as decreased transaction costs in commodity markets 

have made this one of the attractive alternative investment options for many investors. 

Adding commodity futures as an asset class into a portfolio starts from the common 

perception that commodities have low correlations with traditional assets, such as stocks and 
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bonds (Hansen-Tangen & Overaae, 2015). Moreover, commodity futures exhibit the same 

average returns as from investing in equities (Bodie & Rosansky, 1980; Gorton & Rouwenhorst, 

2006). Conventional assets such as stocks and bonds, which can raise additional resources for 

the firm, are liabilities of firms. Investors bear risks of getting low future cash flows during 

recession periods. Although commodity futures do not raise extra resources for the firm to 

invest, they serve as insurance to the firm for their future output/input. Therefore, investors 

who invest in commodity futures will be compensated for bearing the risk of short-term price 

fluctuations in commodity prices. Moreover, commodities are positively correlated with 

inflation, so they are often seen as a natural hedge against inflation and thus seem attractive 

during the inflation periods (Bessler & Wolff, 2015; Erb & Harvey, 2006; Gorton & 

Rouwenhorst, 2006).   

Existing literature has extensively investigated the diversification benefits of including 

commodities in portfolios. The main literature is from an in-sample perspective, focusing on 

the commodity index and/or the developed commodity futures markets. Although previous 

findings have provided unanimous evidence that investors are better off by including 

commodities in their portfolios, some weaknesses are shown in previous studies. 

First is the use of the commodity index. Prior studies assume that investors could invest 

in commodity indexes only; in practice, this is not the case. Following different investment 

strategies, investors can also invest in individual commodity futures. In addition, because the 

individual futures contract has zero market capitalisation, the commodity futures index cannot 

use the market-capitalisation weighting that is generally used in traditional asset classes (Black, 

1976). As a result, different commodity futures indexes use unique indexing rules, which make 

it difficult to compare the performance of different commodity futures indexes. Daskalaki and 

Skiadopoulos (2011) also state that the use of a commodity index may incur biased results, if 
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the index overweights a particular commodity sector. Secondly, the in-sample analysis 

demonstrates that commodities would have improved the risk–return trade-off of the portfolio 

for only a period, if asset returns during this period were already known in advance. These 

asset returns during the subsequent period are unknown; thus, the return estimation often has 

large estimation errors (Daskalaki & Skiadopoulos, 2011). Moreover, the in-sample analysis 

does not reflect the decision environment of investors, who face the uncertainty of the future 

and the challenge of setting up a specified allocation decision at time t for the subsequent period. 

Therefore, an investor will achieve a more realistic assessment when evaluating the portfolio 

benefits of commodities by performing an out-of-sample analysis. To overcome these issues, 

this study aims to examine the incremental diversification benefits of individual commodity 

futures in emerging markets to portfolios with different asset classes.  

The purpose of this study is to analyse the incremental diversification benefits of 

emerging commodity futures to a range of portfolios. By calculating maximum Sharpe ratio, 

this research examines the additional diversification benefits of commodity futures provided to 

portfolios with different asset classes. The results of these emerging commodity futures are 

compared with the results of the US commodity futures.  

These research objectives can be raised in line with the main purpose of this study. The 

objective is to examine whether US investors can obtain higher diversification benefits by 

adding emerging commodity futures investments into their portfolio. The corresponding 

question addressed is: Are emerging commodity futures an effective investment vehicle for US 

investors to obtain diversification benefits?   

Previous studies have focused on passive investment in the commodity futures index; 

this study employs individual commodity futures and conducts both an out-of-sample analysis 

and an in-sample analysis. It also takes into account time variations in volatilities and 
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correlations. Thus far, most research into international diversification with commodity futures 

has assumed that volatilities and correlations are constant (Hansen-Tangen & Overaae, 2015). 

These inaccurate estimates of inputs for portfolio optimisation may have led to an over- or 

under-estimation of portfolio performance. To overcome these problems, this study allows the 

error term to follow GARCH process and uses Asymmetric Dynamic Conditional Correlation 

(ADCC) for time-varying correlation. 

The individual commodity futures data are selected for China and India, and the US 

commodity futures is also used for comparison purpose. Specifically, weekly data are collected 

and the whole sample period is divided into in-sample period (31/12/2005-29/11/2013) and 

out-of-sample period (06/12/2013-11/25/2016).30 The portfolios with different asset classes are 

constructed; they are portfolios with only US stock, portfolios with conventional assets, 

portfolios with US stock and commodity futures and portfolios with conventional assets and 

commodity futures. The US stock index is considered as a benchmark.  

The contributions of this work are fivefold. Firstly, though a large number of studies 

have examined the portfolio diversification benefits of commodity futures, little evidence is 

shown that draws on the emerging market data. However, emerging commodity futures 

markets have gradually become an important investment venue in the global commodity 

markets because of their unique market characteristics. It is worth investigating the 

diversification benefits that emerging futures market can offer to portfolio investors. This study 

also contributes to the existing literature by identifying the potential diversification benefits of 

emerging commodity futures. To the best of the author’s knowledge, this is the first research 

                                                           
30 Since the data period ends at November 2016, the out of sample is constructed from December 2013 and is 
rebalanced on a quarterly basis. Previous studies, such as Gupta, Yang, and Jithendranathan (2017) and Yuan, 
Gupta, and Roca (2016) use similar rebalancing approaches.  
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that introduces the concept in the emerging commodity futures. The findings of this research 

have important implications for asset allocation and investment strategy development. 

Secondly, testing the time-varying correlations between returns of futures and 

conventional assets will lead to better understand of the changing integration process of global 

financial markets. Thirdly, studies apply portfolio theory to commodity futures to determine 

the optimal risk–return portfolio. The current research related to the commodity diversification 

is limited in its scope (e.g. Fuertes, Miffre, & Rallis, 2010; Kaplan & Lummer, 1998; 

Satyanarayan & Varangis, 1996). In particular, a few articles consider the potential benefits of 

adding the individual commodity futures contract to a portfolio (Erb & Harvey, 2006; You & 

Daigler, 2010) or examine the consistency between the ex-post and ex-ante results (Dye & 

Groth, 2000). Results based on the ex-post approach may be limited to a specific sample period 

and/or a particular market, and this research further apply out-of-sample analysis to improve 

the reliability of the findings. 

Fourthly, from a theoretical perspective, the current research extends the knowledge 

about MPT. By studying the time-varying correlations between conventional assets and 

commodity futures, this study improves the understanding of the dynamic integration of 

international markets. It also demonstrates how emerging market futures help to achieve 

diversification benefits for US investors. Lastly, from a practical perspective, this research 

provides a more appropriate way of portfolio constructions. Specifically, this work applies 

GARCH-type models to estimate the portfolio construction inputs. The models used are 

theoretically superior, which helps to enhance the accuracy of the estimates and hence the 

portfolio performance. This will be of interest especially to fund managers, risk managers and 

investors, who are considering allocating part of their capital in commodity investments.  
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The rest of this chapter is organised as follows. Section 6.2 describes data employed for 

further analyses. Section 6.3 presents the methodology. Section 6.4 provides the results and 

Section 6.5 concludes the study. 

6.2 Data  

The data used in this study includes the weekly stock indexes, bond indexes and 

individual commodity futures prices adopted from the Morgan Stanley Capital International 

(MSCI) stock market indexes for all of the three stock markets, China, India and the US. 

Reasons for using a single source of the index rather than the local market index vary. These 

indexes are constructed on a consistent basis by the MSCI, making cross-country stock market 

comparisons more meaningful and avoiding dual listing issues (Maghyereh, 2006). In addition, 

the MSCI indexes are value-weighted, reflecting a substantial proportion of total market 

capitalisation; this could minimise the problem of autocorrelation in the returns, resulting from 

non-synchronous trading. These MSCI indexes are US-dollar denominated indexes that are 

widely employed in the literature for international stock market indexes, providing the basis 

for the degree of comparability (Gupta et al., 2017).  

The bond indexes are also used in this study to represent a traditional asset class. Since 

there are no consistent bond indexes for three markets, such as the MSCI indexes in the stock 

market, the local bond indexes are employed for the analysis.31 More specifically, the Chinese 

market uses the Financial Times Stocks Exchange (FTSE) China government bond index to 

represent the performance of the Chinese bond market. The Credit Rating Information Services 

of India Limited (CRISIL) composite bond fund index is used to represent the performance of 

the Indian bond market. The CRISIL is the leading provider of debt and hybrid indexes in India. 

                                                           
31 If the bond index is valued in local currency, the corresponding exchange rate is used to convert the price 
series into US dollars.  
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Its composite bond fund index seeks to track the performance of a debt portfolio that includes 

government securities and AAA/AA rated corporate bonds. The Bloomberg Barclays US 

aggregate Bond index, employed to represent the performance of the US bond market, is a 

market capitalisation-weighted index measuring the investment grade US dollar denominated 

fixed rate taxable bond market. The index includes treasuries, government-related and 

corporate securities, MBS (agency fixed-rate and hybrid ARM pass-throughs), ABS and 

CMBS (agency and non-agency).   

Regarding the commodity futures, the weekly price series of individual commodity 

futures in the three markets (China, India and the US) are employed for the analysis. The 

selected individual commodity futures are representatives of the different commodity sectors 

corresponding to energy, industrial metals, precious metals and agriculture. The 1st generic 

futures contract from the Bloomberg database is employed for the analysis. The 1st generic 

futures contract, constructed by using the most traded commodity in their commodity classes. 

Since the commodity futures are denominated in different currencies, the exchange rates are 

introduced to convert the commodity prices into US dollars.  

To construct the portfolio, the weekly returns on all assets are obtained from 6 January 

2006 to 25 November 2016. Since these commodity futures were initially listed on exchanges 

on different dates, the starting date selected is when data is available for all commodity futures. 

To ensure that the results in different portfolios are comparable, the non-matched data caused 

by holidays and non-trading dates have been neglected. Further, the full-sample period is 

further divided into an in-sample period (06/01/2006-29/11/2013) and an out-of-sample period 

(06/12/2013-25/11/2016).  
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In order to calculate the Sharpe ratio, the rate of US 3-month Treasury Bills is used to 

represent the risk-free rate. Chincarini (2006) points out that as long as the consistent rate is 

used, the size of the risk-free rate has no impact on comparison. Given that the average monthly 

return on 1-month or 3-month US Treasury Bills is commonly used, the 3-month T-bill rates 

are collected from the US department of Treasury for the relevant period.  

Table 6.1 presents the summary statistics of price data employed for this study. It 

includes observations, mean, maximum, minimum, skewness, kurtosis, and Jarque-Bera for a 

formal normality test.32 There are 570 observations for each asset during the whole sample 

period from 06/01/2006 to 25/11/2016.  

                                                           
32 Since this study uses conditional standard deviation estimated from a GARCH model, Table 6.1 does not 
report estimates of unconditional standard deviation.  
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Table 6.1: Summary Statistics 

  Observations  Mean  Maximum  Minimum  Skewness  Kurtosis  Jarque-Bera 
Conventional Asset        
CNB 570 0.03% 2.00% -3.21% -0.45 9.45 1007.10*** 
INB 570 0.14% 2.30% -2.73% -0.43 14.73 3282.80*** 
USB 570 0.08% 1.68% -2.00% -0.56 4.17 61.95*** 
CNS 570 0.13% 17.94% -22.13% -0.27 6.45 289.08*** 
INS 570 0.09% 18.37% -21.88% -0.39 6.10 243.24*** 
USS 570 0.10% 11.53% -20.12% -0.97 11.92 1979.43*** 
Chinese Commodity Futures        
Copper 570 0.05% 15.53% -17.61% -0.22 6.87 360.44*** 
Corn  570 0.07% 14.42% -17.09% 0.16 12.10 1968.80*** 
Soybean Meal 570 0.11% 20.10% -21.20% -0.07 8.60 743.95*** 
Soybean Oil  570 0.08% 19.45% -23.59% -0.62 9.90 1166.36*** 
White Sugar 570 0.10% 15.34% -13.51% 0.37 6.85 365.25*** 
Soybean  570 0.08% 10.19% -20.96% -1.21 15.14 3642.54*** 
Cotton 570 0.04% 13.11% -16.65% -0.25 11.82 1852.83*** 
Indian Commodity Futures       
Gold 570 0.15% 10.19% -10.23% -0.27 4.19 40.60*** 
Crude Oil  570 -0.03% 19.12% -24.07% -0.43 5.01 113.40*** 
Copper 570 0.05% 13.34% -22.79% -0.64 6.37 309.34*** 
US Commodity Futures        
Crude Oil  570 -0.03% 24.12% -31.22% -0.70 8.09 663.22*** 
Copper 570 0.04% 13.96% -25.64% -0.81 7.48 539.01*** 
Gold  570 0.14% 12.35% -10.14% -0.34 4.32 51.99*** 
Soybean 570 0.09% 10.50% -16.71% -0.88 5.29 198.18*** 
Corn 570 0.08% 20.28% -25.43% -0.49 6.14 256.07*** 
Soybean Meal 570 0.08% 15.03% -23.02% -0.69 5.52 195.51*** 
Wheat 570 0.02% 15.95% -16.99% 0.13 3.83 18.09*** 
Soybean Oil  570 0.10% 10.08% -14.26% -0.40 4.88 99.31*** 
Sugar 570 0.05% 20.08% -19.21% 0.08 4.06 27.45*** 

 

Notes: This table provides a summary of descriptive statistics for all return series used in this study. Mean, maximum and minimum values are presented as percentages. The 
skewness, Kurtosis, Jarque-Bera statistics are used to determine whether the residuals of the return series follow a normal distribution. The Jarque-Bera statistic has an 
asymptotic Chi-squared distribution with two degrees of freedom, while the skewness should equal zero and kurtosis should equal 3. ***, **, * represent rejections of the null 
hypothesis of normality at 1%, 5% and 10% levels, respectively 
 



Chapter 6 Portfolio Diversifications  
 

196 
 

It can be seen from Table 6.1 that all selected commodity futures have positive returns 

over the whole sample period, except for crude oil in the Indian and US markets, which both 

have -0.03%. Among others, wheat futures in the US has the lowest weekly mean return of 

0.02%, while gold futures in India achieves the highest mean return of 0.15% on the weekly 

basis. Within the conventional stocks and bonds, the bond price in India has the highest weekly 

mean return of 0.14%, followed by the Chinese stock index of 0.13%, and the MSCI US index 

ranked third (0.10%). The Chinese bond performs the worst, with a 0.03% return. The majority 

of the skewness of returns is negative, indicating that the return series exhibit a much higher 

probability of decreases in returns than increases. The rest, which show positive skewness, 

indicate a greater probability of increases in the returns than decreases. Further, the kurtosis is 

greater than three in all return series, indicating that the distributions of return series used in 

this study are fat-tailed. Heavy or fat tails can help explain larger price fluctuations for these 

securities. Lastly, results of Jarque-Bera statistics further confirm that the data of all the weekly 

return series are not normally distributed at the 1% significance level. 

6.3 Methodology  

6.3.1 Input Modelling  

The primary objective of this research is to identify a relatively superior strategy among the 

different portfolio investment strategies. The estimations take two steps: the estimation of 

inputs, which includes standard deviation and correlation using GARCH-type models; and 

optimal portfolio constructions. This subsection provides a brief introduction to the model used 

for input estimations as well as for the portfolio optimisation process.  
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Time-varying volatility and univariate GARCH Model  

Three important inputs for portfolio constructions are the expected returns of individual 

assets, the standard deviations of returns and the covariance between asset returns. The 

univariate GARCH model is utilised to estimate the error term. The GARCH (1, 1) model 

assumes that the returns are conditionally normally distributed, 33 with zero mean, and that the 

conditional variance is time-varying, after removing the presence of auto correlation (Fornari 

& Mele, 1996). The conditional variance 𝜎𝜎𝑡𝑡2 is modelled as a linear function of its own lagged 

conditional variance (the GARCH term) and the last period’s squared errors (the ARCH term). 

The conditional variance is specified as follows:  

𝜎𝜎𝑡𝑡2 = 𝛼𝛼0 + 𝛼𝛼1𝜎𝜎𝑡𝑡−12 + 𝛽𝛽1𝜀𝜀𝑡𝑡−12                                                                                               (6.1) 

where 𝛼𝛼0  is an intercept term, and the estimated parameter is represented by 𝛼𝛼1  and 𝛽𝛽1 , 

capturing the presence of heteroscedasticity in the weekly return series. 

Time-varying correlation and ADCC  

In practice, the correlation between asset returns is time-varying; hence, ignoring 

changes in correlations will lead to inaccurate estimates. The ADCC model is used to estimate 

the dynamics of correlations between asset returns, which enhances the accuracy of correlation 

estimates. The time-varying correlation between two random variables ri and rj at time t is 

defined as follows:  

𝜌𝜌𝑖𝑖𝑗𝑗,𝑡𝑡 = 𝑞𝑞𝑖𝑖𝑗𝑗,𝑡𝑡

�𝑞𝑞𝑖𝑖𝑖𝑖,𝑡𝑡𝑞𝑞𝑗𝑗𝑗𝑗,𝑡𝑡
= 𝐸𝐸𝑡𝑡−1[𝑟𝑟𝑖𝑖,𝑡𝑡𝑟𝑟𝑗𝑗,𝑡𝑡]

�𝐸𝐸𝑡𝑡−1�𝑟𝑟𝑖𝑖,𝑡𝑡
2 �𝐸𝐸𝑡𝑡−1[𝑟𝑟𝑗𝑗,𝑡𝑡

2 ]
                                                                              (6.2) 

                                                           
33  In this case, we assume that the returns are conditionally normal.  
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where qij,t  denotes the covariance between random variables 𝑟𝑟𝑖𝑖  and 𝑟𝑟𝑗𝑗 ; 𝑞𝑞𝑖𝑖𝑖𝑖,𝑡𝑡  and 𝑞𝑞𝑗𝑗𝑗𝑗,𝑡𝑡  is the 

conditional variance of 𝑟𝑟𝑖𝑖  and 𝑟𝑟𝑗𝑗 , respectively; 𝜌𝜌𝑖𝑖𝑗𝑗,𝑡𝑡 = 𝑞𝑞𝑖𝑖𝑗𝑗,𝑡𝑡

�𝑞𝑞𝑖𝑖𝑖𝑖,𝑡𝑡𝑞𝑞𝑗𝑗𝑗𝑗,𝑡𝑡
 represent the correlation 

estimator.  

The conditional correlation can also be defined as:  

𝜌𝜌𝑖𝑖𝑗𝑗,𝑡𝑡 = 𝐸𝐸𝑡𝑡−1[𝜀𝜀𝑖𝑖,𝑡𝑡𝜀𝜀𝑗𝑗,𝑡𝑡]                                                                                                          (6.3) 

where εt represents a standardised disturbance that has zero mean and a variance of one.  

As Engle (2002) suggests, the correlation matrix can be estimated using the following 

univariate GARCH process:  

𝑞𝑞𝑖𝑖𝑗𝑗,𝑡𝑡 = 𝜌𝜌𝚤𝚤𝚤𝚤���� + 𝛼𝛼�𝜀𝜀𝑖𝑖,𝑡𝑡−1𝜀𝜀𝑗𝑗,𝑡𝑡−1 − 𝜌𝜌𝚤𝚤𝚤𝚤����� + 𝛽𝛽�𝑞𝑞𝑖𝑖,𝑡𝑡 − 𝜌𝜌𝚤𝚤𝚤𝚤�����                                                          (6.4) 

where 𝜌𝜌𝚤𝚤𝚤𝚤���� is the unconditional correlation of 𝜀𝜀𝑖𝑖,𝑡𝑡 and 𝜀𝜀𝑗𝑗,𝑡𝑡 with the GARCH restriction of 𝛼𝛼 +

𝛽𝛽 < 1 applying to ensure non-negativity and the stationarity of the conditional variances.  

The matrix version of this model is given as follows: 

𝑄𝑄𝑡𝑡 = 𝑆𝑆(𝐼𝐼 − 𝛼𝛼 − 𝛽𝛽) + 𝛼𝛼(𝜀𝜀𝑡𝑡−1𝜀𝜀𝑡𝑡−1′) + 𝛽𝛽𝑄𝑄𝑡𝑡−1                                                                  (6.5) 

where 𝑄𝑄𝑡𝑡 = �𝑞𝑞𝑖𝑖𝑗𝑗,𝑡𝑡�; and S is the unconditional correlation matrix of the disturbance. The log 

likelihood for this estimator can be written as: 

L = −1
2
∑ {𝑛𝑛𝑙𝑙𝑙𝑙𝑔𝑔(2𝜋𝜋) + 2 log|𝐷𝐷𝑡𝑡| + log|𝑅𝑅𝑡𝑡| + 𝜀𝜀𝑡𝑡′𝑅𝑅𝑡𝑡−1𝜀𝜀𝑡𝑡𝑇𝑇
𝑡𝑡=1 }                                        (6.6) 

where 𝐷𝐷𝑡𝑡 = 𝑑𝑑𝑖𝑖𝑑𝑑𝑔𝑔{�ℎ𝑖𝑖,𝑡𝑡 } and 𝑅𝑅𝑡𝑡 represents the time-varying correlation matrix.  
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The ADCC model of Cappiello et al. (2006) is superior to the DCC model because it 

incorporates asymmetric effects and asset specific news impacts. The ADCC is expressed as:  

𝑄𝑄𝑡𝑡 = (𝑄𝑄� − 𝐴𝐴′𝑄𝑄�𝐴𝐴 − 𝐵𝐵′𝑄𝑄�𝐵𝐵 − 𝐺𝐺′𝐿𝐿�𝐺𝐺) + 𝐴𝐴′𝜀𝜀𝑡𝑡−1′𝐴𝐴 + 𝐵𝐵′𝑄𝑄𝑡𝑡−1𝐵𝐵 + 𝐺𝐺′𝑛𝑛𝑡𝑡−1𝑛𝑛𝑡𝑡−1′ 𝐺𝐺                (6.7) 

where A, B and G are diagonal parameter matrices; 𝑛𝑛𝑡𝑡 = 𝐼𝐼[𝜀𝜀𝑡𝑡 < 0] ⊗𝜀𝜀𝑡𝑡 (with ⊗ indicating 

Hadamard product); 𝐿𝐿� = 𝐸𝐸[𝑛𝑛𝑡𝑡𝑛𝑛𝑡𝑡′ ]. For 𝑄𝑄� and 𝐿𝐿�, expectations are infeasible and are replaced 

with sample analogues, 𝑇𝑇−1 ∑ 𝜀𝜀𝑡𝑡𝑇𝑇
𝑡𝑡=1 𝜀𝜀𝑡𝑡′  and 𝑇𝑇−1 ∑ 𝑛𝑛𝑡𝑡𝑇𝑇

𝑡𝑡=1 𝑛𝑛𝑡𝑡′ , respectively.  𝑄𝑄𝑡𝑡∗ = [  𝑞𝑞𝑖𝑖𝑗𝑗,𝑡𝑡 *] = 

[�𝑞𝑞𝑖𝑖𝑖𝑖,𝑡𝑡 ] is a diagonal matrix with the square root of the ith diagonal element of 𝑄𝑄𝑡𝑡 in its ith 

diagonal position. This study uses ADCC to estimate the time-varying correlations, with 

consideration of asymmetric effects, but not of the impacts of asset-specific news.  

6.3.2 Portfolio Construction and Optimisation  

In this study, the portfolio construction process is based on the Markowitz full 

covariance approach. Three key inputs in the portfolio construction are the expected returns of 

individual assets, the standard deviations of returns on individual assets and covariance 

between returns on assets within the portfolio. According to Markowitz (1952), portfolio 

returns are the weighted average of returns of individual securities in the portfolio; however, 

portfolio risk is not a simple weighted average of risk of individual securities included in the 

portfolio. Under the Markowitz framework, the portfolio risk is specified in the following 

equation:    

𝜎𝜎𝑝𝑝2 = ∑ 𝑤𝑤𝑖𝑖
2𝜎𝜎𝑖𝑖2 + ∑ ∑ 𝑤𝑤𝑖𝑖𝑤𝑤𝑗𝑗𝜎𝜎𝑖𝑖𝑗𝑗𝑛𝑛

𝑗𝑗=1
𝑖𝑖≠𝑗𝑗

𝑛𝑛
𝑖𝑖=1  𝑛𝑛

𝑖𝑖=1                                                                              (6.8) 
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where 𝜎𝜎𝑝𝑝2 denotes portfolio variances; 𝜎𝜎𝑖𝑖2 represents variances of returns for individual assets; 

𝜎𝜎𝑖𝑖𝑗𝑗 is the covariance between the returns for asset i and j; 𝑤𝑤𝑖𝑖 is a portfolio weight of asset i; 

and ∑ ∑ 𝑥𝑥𝑛𝑛
𝑗𝑗=1
𝑖𝑖≠𝑗𝑗

𝑛𝑛
𝑖𝑖=1  suggests a double summation sign, which means that 𝑛𝑛2 numbers are to be 

added together (that is, all possible pairs of values for i and j). Equation (6.8) shows that 

portfolio risk is a function of the standard deviation of each individual asset included in the 

portfolio and the covariance between returns on assets in the portfolio. 

According to the Markowitz (1952) Modern Portfolio Theory, portfolio investors 

attempt to either maximise expected portfolio returns for a given level of risk, or to minimise 

risk for a given level of returns. This assumption brings the concept of the efficient frontier, 

which is the set of optimal portfolios that offers the maximum expected return for a given level 

of risk. Portfolios which lie on this line are efficient portfolios, as they have the highest 

expected return for a given level of risk, or the lowest level of risk for a given expected return.  

To obtain the optimal risky portfolio, investors need to find the weights of assets that 

result in the maximum Sharpe ratio (𝑆𝑆𝑝𝑝). The objective function is specified as follows: 

                    𝑆𝑆𝑝𝑝 = 𝑟𝑟𝑝𝑝���−𝑟𝑟𝑓𝑓
𝜎𝜎𝑝𝑝

                                                                                                     (6.9) 

where 𝑟𝑟𝑝𝑝 is the mean return on the portfolio, 𝑟𝑟𝑓𝑓 is the return on the risk-free asset, and 𝜎𝜎𝑝𝑝 is the 

standard deviation of the return on the portfolio.  

To maximise the Sharpe ratio, the function can be formally written as: 

                  max
𝑤𝑤𝑖𝑖

𝑆𝑆𝑝𝑝 = 𝑟𝑟𝑝𝑝���−𝑟𝑟𝑓𝑓
𝜎𝜎𝑝𝑝

                                                                                         (6.10) 
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subject to the constraint of ∑𝑤𝑤𝑖𝑖 = 1. If short selling is restricted, the additional constraint of 0 

≤ 𝑤𝑤𝑖𝑖≤ 1 needs to be imposed. Applying such an optimisation process, enables finding the 

optimal weights for each security within the portfolio, and hence the expected returns and risk 

of the optimal risky portfolio. The following section discusses the results of the empirical 

analysis.   

6.4 Empirical Result  

This study attempts to quantify the diversification benefits that come from investing in 

commodity markets. The US stock market performance will be treated as the benchmark, and 

then the performance of three types of portfolios will be analysed to compare with that 

benchmark: portfolios with US stock and commodity futures from different markets; portfolios 

with traditional assets; and portfolios with conventional assets and commodity futures. The 

analysis will be conducted in two parts, in-sample and out-of-sample analysis. The full sample 

period has been divided into two sub-sample periods: the in-sample period is from 06/01/2006 

to 29/11/2013 and the out-of-sample period is from 06/12/2013 to 25/11/2016. The portfolio is 

rebalanced on a quarterly basis for the out-of-sample test. The conditional standard deviations 

of weekly returns are derived from the GARCH (1, 1) model. In addition, the correlation 

dynamics of the weekly returns of commodity futures and other conventional assets are 

calculated using the ADCC. 
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6.4.1 ADCC Time-varying Correlations 

This subsection provides the graphical outlook of the time-varying correlations 

calculated by the ADCC-GARCH model. Figure 6.1 provides the ADCC time-varying 

correlations of the US stock index with bond indexes and the emerging stock market indexes. 

The graph shows that the US stock index has positive correlations with Chinese and Indian, 

which correlation is more stable for the US stock index and the Indian stock index. In terms of 

the correlation with bond indexes, the correlations of the US stock with the Indian Bond index 

and the Chinese bond index move around zero. The correlations between the US stock index 

and the US bond index is more volatile, and the majority of which are below zero.  

Figure 6.1: The ADCC Time-varying Correlations of the US Stock Index with the 
Bond Indexes and the Emerging Stock Indexes 
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Figure 6.2 presents the graph of the ADCC time-varying correlations between the US 

stock index and the selected commodity futures from the Chinese market. The graph shows 

that the correlations of the US stock index with copper and soybean meal futures are very 

volatile, whereas the correlations between the US stock index and corn futures are more stable 

and moving around zero.  

Figure 6.2: The ADCC Time-varying Correlations between the US Stock Index and 
the Selected Chinese Commodity Futures 

 

 

Compared with Figure 6.2, the correlations of the US stocks with the selected Indian 

commodity futures are relatively large, especially for crude oil futures (see Figure 6.3). The 

correlations for the US stocks and the gold futures are relatively low and below zero.  
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Figure 6.3: The ADCC Time-varying Correlation between the US Stock Index and 
the Selected Indian Commodity Futures 

 

 

Figure 6.4 shows the ADCC time-varying correlation between the US stock index and 

the selected US commodity futures. In general, the correlations between the US stock index 

and the US commodity futures are very volatile. Additionally, the time-varying correlations 

are above zero in most cases, except for the correlation between the US stock and crude oil 

futures during the period of 2007 to 2009.  
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Figure 6.4: The ADCC Time-varying Correlation between the US Stock Index and 
the Selected US Commodity Futures 

 

 

The ADCC time-varying correlation provides a more precise estimation of the 

correlation, compared to the traditional constant correlations. Therefore, this study employs the 

time-varying correlation as an input estimator of the portfolio construction process.  

6.4.2 Preliminary Analysis: Efficient Frontier  

Before constructing the optimal portfolios for the in-sample and out-of-sample analyses, 

this subsection constructs an efficient frontier of a minimum variance portfolio, showing the 

optimal portfolio with the minimum risk with a given level of return. Based on the risk and 

return trade-off, the efficient frontiers are drawn for all four multi-asset portfolios (see 

Figures6.5).  
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Figure 6.5: Efficient Frontiers of Minimum Variance Portfolios 

 

Notes: This figure shows the efficient frontiers of the minimum variance portfolio for multi-asset 
portfolios. The horizontal axis presents the portfolio risk and the vertical axis shows the portfolio 
returns. The blue line represents the efficient frontier of a conventional portfolio. The red line stands 
for the efficient frontier of a conventional portfolio with Chinese commodity futures. The green line 
is the efficient frontier of a conventional portfolio with Indian commodity futures. Lastly, the yellow 
line represents the conventional portfolio with the US commodity futures.     

 

The efficient frontier lines in Figure 6.5 provide the set of optimal portfolio that offers 

the lowest risk for a given level of expected return. When adding commodity futures into the 

conventional asset portfolio, the efficient frontier shifts both towards left and upwards. This 

indicates that adding commodity futures into the traditional portfolio will increase the portfolio 

returns without increasing portfolio risks. Alternatively, for a given level of portfolio return, 

portfolio with commodity futures can achieve a higher expected portfolio return than the 

conventional portfolio. In addition, the portfolio with Chinese commodity futures can 

outperform other portfolios. To quantify the actual diversification benefits that commodity 

futures can provide for the portfolio, the following subsection uses in-sample and out-of-

sample analyses and measures the portfolio performance by using the maximum Sharpe ratio.  
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6.4.3 In-sample Analysis  

The in-sample analysis assesses the portfolio diversification benefits on an ex-post 

basis. The first step is to estimate the time-varying standard deviations and correlations 

between individual assets during the in-sample period. The GARCH (1, 1) model and the 

ADCC model are employed for time-varying standard deviations and correlations, respectively. 

Further, the analysis proceeds to the optimal portfolio construction with three key inputs: mean 

returns, standard deviation and covariance matrix. Finally, in order to measure the portfolio 

performance with difference investment strategies, this study relies on the Sharpe ratio 

approach.  

The conditional variances and standard deviation of asset returns on individual 

commodity futures and conventional assets are given in the following table (Table 6.2). The 

conditional standard deviations used in this research are derived from the univariate GARCH 

models. The conditional standard deviations of weekly returns series range from 06/01/2006 to 

29/11/2013. 
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Table 6.2: Mean Returns and Conditional Standard Deviation from Univariate GARCH 
Model 

Asset Class  Mean Returns Conditional Std. Dev  
Conventional Assets     
CNB 3.00% 0.04  
INB 5.84% 0.12  
USB 4.83% 0.04  
CNS 10.13% 0.22  
INS 5.14% 0.22  
USS 4.78% 0.10  
Chinese Commodity Futures    
Copper 5.99% 0.15  
Corn  11.39% 0.17  
Soybean Meal 10.16% 0.22  
Soybean Oil  7.87% 0.31  
White Sugar 4.35% 0.21  
Soybean  6.25% 0.17  
Cotton  7.13% 0.12  
Indian Commodity Futures     
Gold  13.05% 0.20  
Crude Oil  5.27% 0.20  
Copper  6.02% 0.23  
US Commodity Futures    
Crude Oil  5.26% 0.21  
Copper 5.78% 0.21  
Gold 11.08% 0.21  
Soybean 10.04% 0.24  
Corn 8.24% 0.32  
Soybean Meal  10.56% 0.38  
Wheat 8.28% 0.26  
Soybean Oil  8.00% 0.19  
Sugar 1.96% 0.26  

 

Notes: This table displays both mean returns and conditional standard deviation derived from the univariate 
GARCH model at the end of the in-sample period (29/11/2013). The conditional variance 𝜎𝜎𝑡𝑡2 is modelled as a 
linear function of its own lagged one conditional variance (the GARCH term) and the last period’s squared 
errors (the ARCH term). The conditional variances can be written as follows: 

𝜎𝜎𝑡𝑡2 = 𝛼𝛼0 + 𝑑𝑑1𝜎𝜎𝑡𝑡−12 + 𝛽𝛽1𝜀𝜀𝑡𝑡−12  
where 𝛼𝛼0 is the intercept term, while the estimated parameters are represented by 𝑑𝑑1 and 𝛽𝛽1, which capture the 
presence of heteroscedasticity in return series. The CNB refers to the FTSE China government bond index, 
INB stands for the CRISIL composite bond fund index, USB is the Bloomberg Barclays US aggregate Bond 
index. The CNS, INS and USS refer to the MSCI stock market indexes for China, India and the US.   

The mean returns and conditional standard deviations of different asset returns on 

29/11/2013 are given in Table 6.2. The mean return ranges from 1.96% to 13.05%. The 

conditional standard deviations of weekly returns series range from 0.0375 to 0.3782 on this 

date. The conventional assets show that assets with high risk generally receive high returns. 

This is consistent with the risk and return trade-off principle, which demonstrates that the 
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potential return rises with an increase in risk. Low levels of uncertainty or risk are associated 

with low potential returns, whereas high levels of uncertainty or risk are associated with high 

potential returns. A closer look at the risk and return for commodity futures shows a generally 

higher standard deviation than for traditional assets, and the positive risk–return relationship 

does not hold in commodity futures. For instance, the sugar commodity futures in the US 

market has a relatively high standard deviation of 0.2589, but it has the lowest mean returns 

among US commodity futures of 1.96%. Therefore, the commodity futures is a risker asset 

compared to conventional assets. Investors who want to include commodity futures into their 

portfolio need to carefully select the commodity futures.  

Table 6.3: Conditional Correlations 
Panel A: ADCC Correlation Coefficient of Conventional Assets Portfolio  

 CNB INB USB CNS INS USS 
CNB 1.00      
INB 0.19 1.00     
USB 0.18 0.11 1.00    
CNS -0.02 0.29 -0.04 1.00   
INS 0.02 0.75 -0.03 0.58 1.00  
USS -0.02 0.38 -0.08 0.25 0.51 1.00 
Panel B: Conditional Correlation for Portfolio with Chinese Commodity Futures 
  Copper Corn Soybean Meal Soybean Oil White Sugar Soybean Cotton 
Copper 1.00       
Corn -0.03 1.00      
Soybean Meal  0.13 0.07 1.00     
Soybean Oil 0.11 0.19 0.19 1.00    
White Sugar 0.22 0.01 0.09 -0.04 1.00   
Soybean 0.19 0.08 0.35 0.26 0.14 1.00  
Cotton  0.24 -0.07 0.01 0.47 0.07 0.12 1.00 
CNB 0.00 -0.19 0.09 0.13 0.08 0.01 0.25 
INB 0.25 -0.02 0.19 0.18 0.10 0.04 -0.01 
USB -0.03 -0.07 -0.07 0.00 -0.03 -0.19 0.01 
CNS 0.16 0.00 0.15 0.10 0.25 -0.12 0.08 
INS 0.20 -0.01 0.23 0.14 0.04 0.23 0.08 
USS 0.24 0.03 -0.01 -0.14 0.02 0.01 -0.01 
 
 
 
 

 
To be continued on next page 
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Table 6.3 continued  
 
Panel C: Conditional Correlation for Portfolio with Indian Commodity Futures 
  Gold Crude Oil Copper 
Gold  1.00   
Crude Oil  0.37 1.00  
Copper  0.21 0.43 1.00 
CNB 0.16 0.20 0.01 
INB -0.05 0.06 0.25 
USB 0.08 -0.15 -0.26 
CNS 0.11 0.22 0.33 
INS 0.07 0.23 0.36 
USS 0.09 -0.06 0.19 
Panel D: ADCC Correlation Coefficient of the US futures and Conventional Assets Portfolio  

  Crude Oil Copper Gold Soybean Corn 
Soybean 

Meal Wheat 
Soybean 

Oil Sugar 
Crude Oil  1.00         
Copper 0.36 1.00        
Gold  0.34 0.24 1.00       
Soybean 0.31 0.13 0.09 1.00      
Corn 0.23 0.22 0.26 0.49 1.00     
Soybean 
Meal 0.20 0.27 -0.01 0.88 0.43 1.00    
Wheat 0.14 0.26 0.19 0.10 0.34 0.07 1.00   
Soybean Oil 0.44 0.30 0.30 0.12 0.38 0.02 0.33 1.00  
Sugar 0.26 0.15 0.12 0.12 0.13 0.11 0.14 0.02 1.00 
CNB 0.16 0.01 0.14 -0.10 -0.03 -0.22 0.00 -0.04 0.05 
INB 0.10 0.28 0.05 0.18 0.09 0.11 0.05 0.24 0.13 
USB -0.15 -0.28 0.12 0.30 -0.06 0.26 -0.07 -0.08 -0.03 
CNS 0.25 0.36 0.10 0.17 0.11 0.13 0.13 0.34 0.06 
INS 0.25 0.35 0.11 0.23 0.06 1.29 0.03 0.31 0.17 
USS -0.05 0.32 0.05 0.16 0.12 0.12 0.04 0.15 0.06 

 

Notes: This table presents correlation estimates for end of in-sample period (29/11/2013) using the ADCC model of 
Cappiello, Engle, and Sheppard (2006). The model can be specified as follows:  

𝑄𝑄𝑡𝑡 = �𝑄𝑄� − 𝐴𝐴′𝑄𝑄�𝐴𝐴 − 𝐵𝐵′𝑄𝑄�𝐵𝐵 − 𝐺𝐺′𝑁𝑁�𝐺𝐺� + 𝐴𝐴′𝜀𝜀𝑡𝑡−1′𝐴𝐴 + 𝐵𝐵′𝑄𝑄𝑡𝑡−1𝐵𝐵 + 𝐺𝐺′𝑛𝑛𝑡𝑡−1𝑛𝑛𝑡𝑡−1′ 𝐺𝐺 
where A, B and G are diagonal parameter matrices; 𝑛𝑛𝑡𝑡 = 𝐼𝐼[𝜀𝜀𝑡𝑡 < 0]𝜊𝜊𝜀𝜀𝑡𝑡 (with 𝜊𝜊 indicating Hadamard product); 𝐿𝐿� = 𝐸𝐸[𝑛𝑛𝑡𝑡𝑛𝑛𝑡𝑡′ ]. 
For 𝑄𝑄�  and 𝐿𝐿� , expectations are infeasible and are replaced with sample analogues, 𝑇𝑇−1 ∑ 𝜀𝜀𝑡𝑡𝑇𝑇

𝑡𝑡=1 𝜀𝜀𝑡𝑡′  and 𝑇𝑇−1 ∑ 𝑛𝑛𝑡𝑡𝑇𝑇
𝑡𝑡=1 𝑛𝑛𝑡𝑡′ , 

respectively. 𝑄𝑄𝑡𝑡∗ = [ 𝑞𝑞𝑖𝑖𝑗𝑗,𝑡𝑡*] = [�𝑞𝑞𝑖𝑖𝑖𝑖,𝑡𝑡  ] is a diagonal matrix with the square root of the ith diagonal element of  𝑄𝑄𝑡𝑡 in its ith 
diagonal position. The CHN_B refers to the FTSE China government bond index, IND_B stands for the CRISIL composite 
bond fund index, US_B is the Bloomberg Barclays US aggregate Bond index. CHN_S/IND_S/US_S refer to the MSCI stock 
market indexes for China, India and the US. 

The second input for the optimal portfolio construction is covariance. In this study, the 

covariance is calculated based on ADCC time varying correlation. Table 6.3 presents the 

conditional correlation calculated by using ADCC GARCH model. Panel A shows the 

conditional correlations of conventional assets; Panels B, C and D present the conditional 

correlations of Chinese, Indian, and the US commodity futures with conventional assets. 

Correlations in Panel A show that the significantly positive relationship appears between Indian 
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stock and bond indexes (0.75), and stock markets (Chinese and Indian stock indexes has a 

correlation of 0.58, and Indian and US stock indexes has a correlation of 0.51). The correlations 

in Panels B, C and D show that the correlation between commodity futures and conditional 

assets is generally lower than the correlation between different commodity futures. This 

indicates that the commodity futures may have a potential portfolio diversification benefits. 

Therefore, this study will utilise various investment strategies and construct portfolio with 

different asset classes to further examine the portfolio diversification of commodity futures.  

This study examines the incremental diversification benefits of commodity futures in 

the emerging markets. Table 6.4 and Table 6.5 display optimal portfolios with different assets 

under different constraints. In more detail, Table 6.4 presents the US stock index benchmark 

and the optimal portfolios of US stocks and commodity futures. Table 6.5 shows optimal 

portfolios of conventional assets and the optimal portfolio of conventional assets and 

commodity futures. In this way, it is clearer to see to what extent the commodity futures will 

add value to a portfolio. 

Although the unrestricted optimisation is attractive, it is unrealistic in the sense that 

most investors may be unwilling to allocate a large proportion of their portfolio funds into an 

international market. This may also violate the concept of diversification and may expose the 

portfolio investors to high country specific risks. Therefore, in line with the purpose of 

diversification, this study takes into account several constraints: 1) maximum 15% in an 

individual emerging market/individual commodity futures; 2) maximum 20% in individual 

emerging market/individual commodity futures; 3) minimum 50% in the US with a maximum 

15% in each emerging market/individual commodity futures; 4) minimum 50% in the US with 

a maximum 20% in each emerging market/individual commodity futures; 5) no short selling. 

The following paragraphs will discuss Table 6.4 in more detail.   
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Table 6.4 shows that the US stock index as the benchmark has a return of 4.78% at the 

end of the in-sample period. The Sharpe ratio of the US stock index is 28.2% with the risk of 

0.1002. Following that, the Panel B provides the results of the US stock index with commodity 

futures from different markets. The results show that adding commodity futures into the 

portfolio will increase the Sharpe ratio dramatically. In particular, the portfolio with US stock 

and Chinese commodity futures has achieved the highest Sharpe ratio among the three 

portfolios (Portfolios A, B and C). Among different investment restrictions, the portfolio with 

the US stock and Chinese commodity futures has an average Sharpe ratio of 77.25%. The 

performance of portfolio with the US stock and the US commodity futures ranked the second, 

which has the Sharpe ratio of an average of 58.63%. Although the portfolio with Indian 

commodity futures underperforms other portfolios, its Sharpe ratio is still significantly higher 

than the benchmark of the US stock market, which has the average Sharpe ratio of 51.83%. 

These findings indicate that a portfolio with commodity futures can outperform the single US 

stock index. In addition, Chinese commodity futures seem to provide more diversification 

benefits than provided by the US commodity futures.   
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Table 6.4: Optimal Portfolio with Various Restrictions Constructed at the end of In-sample Period 06/01/2006-06/12/2013 
Panel A: US Stock Benchmark  

 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝       
US Stock market  4.78% 10.02% 28.20%       
Panel B: US Stock + Commodity Futures  
Portfolio A (US Stock+ 
Chinese Commodity Futures) Copper Corn Soybean 

Meal 
Soybean 

Oil 
White 
Sugar Soybean Cotton USS 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝 

Weights (No short selling) 3.90% 27.27% 12.65% 0.00% 1.16% 1.46% 31.17% 22.40% 8.06% 7.25% 84.31
% 

Weights (max15% in 
individual emerging market) 8.85% 15.00% 15.00% 0.97% 3.55% 6.32% 15.00% 35.32% 7.14% 6.92% 75.02

% 
Weights (max20% in 
individual emerging market) 7.35% 20.00% 13.73% 0.00% 2.86% 5.03% 20.00% 31.04% 7.46% 6.84% 80.52

% 
Weights (min 50% in US and 
max 15% in emerging) 0.94% 15.00% 13.98% 1.07% 1.26% 2.75% 15.00% 50.00% 6.95% 6.96% 71.86

% 
Weights (min 50% in US and 
max 20% in emerging) 0.00% 20.00% 10.57% 0.00% 0.00% 0.00% 19.43% 50.00% 7.12% 6.94% 74.53

% 
Portfolio B (US Stock + Indian Commodity Futures) Gold Crude Oil Copper USS 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝 
Weights (No short selling) 52.65% 0.00% 1.83% 45.51% 9.16% 12.00% 60.06% 
Weights (max15% in individual emerging market) 15.00% 14.85% 3.39% 66.77% 6.13% 8.71% 48.02% 
Weights (max20% in individual emerging market) 20.00% 12.57% 3.14% 64.29% 6.53% 8.89% 51.53% 
Weights (min 50% in US and max 15%in emerging) 15.00% 14.85% 3.39% 66.77% 6.13% 8.71% 48.02% 
Weights (min 50% in US and max 20%in emerging) 20.00% 12.57% 3.14% 64.29% 6.53% 8.89% 51.53% 
Portfolio C (US Stock + US Commodity Futures) Gold Soybean Soybean Meal Wheat Soybean Oil USS 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝 
Weights (No short selling) 28.88% 18.20% 0.00% 7.12% 11.48% 34.32% 8.17% 10.34% 60.26% 
Weights (max15% in individual emerging market) 15.00% 15.00% 0.39% 9.48% 15.00% 45.13% 7.35% 9.37% 57.70% 
Weights (max20% in individual emerging market) 20.00% 18.45% 0.00% 8.05% 14.40% 39.11% 7.75% 9.79% 59.37% 
Weights (min 50% in US and max 15% in emerging) 15.00% 15.00% 0.00% 7.52% 12.48% 50.00% 7.18% 9.12% 57.36% 
Weights (min 50% in US and max 20% in emerging) 20.00% 14.52% 0.00% 6.40% 9.08% 50.00% 7.32% 9.19% 58.47% 

 

Notes: This table displays optimal portfolios under different constraints. Panel A displays outcomes for US stock market and Panel B shows results of portfolio with US stock and 
Chinese commodity futures. Panel C displays the results of portfolio with US stock and Indian commodity futures. Panel D shows the outcomes of portfolio with US stock and the US 
commodity futures. For each restriction, optimal weights are reported for individual asset within the portfolio. Additionally, it also presents the returns (𝑅𝑅𝑝𝑝), standard deviation (𝜎𝜎𝑝𝑝) 
and Sharpe ratio (𝑆𝑆𝑝𝑝) of the respective optimal portfolio. All figures presented are on an annualised basis. The US_S refers to the MSCI stock market index for the US market. 
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Table 6.5 presents the results of the conventional portfolio and the portfolio with 

conventional assets and commodity futures from different markets. Panel A presents the results 

of the conventional portfolio, which contains MSCI stock market indexes for China, India and 

the US as well as bond indexes for three markets. The results show that among different 

conventional assets, the US bond index contains the highest weight, which is above 71% for 

the investment restrictions of no short selling, or maximum 15%/20% in an individual 

emerging market. With investment restrictions of minimum 50% in the US market and 

maximum 15%/20% in the emerging market, the weight for the US bond index is 43.21%. In 

terms of the corresponding Sharpe ratio, it has also increased significantly compared to the 

performance of the MSCI US market index. The Sharpe ratio has reached 92.10% with the 

investment restriction of no short selling, or maximum 15%/20% in emerging market and 56.82% 

for investment restrictions of minimum 50% in the US and 15%/20% in emerging markets.  

Panel B presents the results for the portfolio with conventional assets and commodity 

futures from different countries respectively. Portfolio E contains conventional assets and 

Chinese commodity futures. Portfolio F contains conventional assets and Indian commodity 

futures, and lastly, portfolio G includes conventional assets and the US commodity futures. 

The results show that the portfolio with Chinese commodity futures have the highest Sharpe 

ratio, which is around 125% for investment restrictions of no short selling and maximum 

15%/20% in commodity futures. Although the Sharpe ratio has decreased with the investment 

restriction of minimum 50% in the US markets, and maximum 15%/20% in commodity futures, 

the Sharpe ratio (around 75%) is still the highest within the three portfolios. 

Similar to these results of the portfolio with conventional assets and Chinese 

commodity futures, with its investment restrictions of no short selling or maximum 15%/20% 
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in commodity futures, the Sharpe ratio for a portfolio with Indian commodity futures and the 

US commodity futures also reaches the highest points of 102.19% and 100.06%, respectively.  

These findings suggest that adding commodity futures into the conventional asset 

portfolio will provide additional portfolio diversification benefits. The portfolio with Chinese 

commodity futures has the highest portfolio Sharpe ratio which indicates that Chinese 

commodity futures can outperform commodity futures in other markets in terms of portfolio 

diversification. 



Chapter 6 Portfolio Diversifications  
 

216 
 

Table 6.5: Optimal Portfolio with Various Restrictions Constructed at the end of In-sample Period 06/01/2006-06/12/2013 

Panel A: Portfolio D (Conventional Portfolio) 
 CNB INB USB CNS INS USS 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝 

Weights (no short selling) 13.94% 0.04% 71.49% 5.58% 0.00% 8.96% 4.87% 3.17% 92.10% 
Weights(max15% in individual emerging market) 13.91% 0.05% 71.53% 5.57% 0.00% 8.93% 4.87% 3.17% 92.10% 
weight(max20% in individual emerging market) 13.91% 0.05% 71.53% 5.57% 0.00% 8.94% 4.87% 3.17% 92.10% 
Weights (min 50% in US and max 15% in emerging) 0.00% 0.00% 43.21% 6.79% 0.00% 50.00% 5.16% 5.66% 56.82% 
Weights (min 50% in US and max 20% in emerging) 0.00% 0.00% 43.21% 6.79% 0.00% 50.00% 5.16% 5.66% 56.82% 
Panel B: Conventional Portfolio + Commodity Futures  
Portfolio E (Conventional Assets + Chinese Commodity Futures) 

 Copper Corn Soybean Meal Soybean Cotton CNB USB CNS USS 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝 
No short selling 0.67% 8.78% 2.66% 3.99% 7.10% 8.95% 58.00% 3.61% 6.25% 5.80% 3.07% 125.62% 
Max15% in futures 0.67% 8.78% 2.66% 3.99% 7.10% 8.95% 58.00% 3.61% 6.25% 5.80% 3.07% 125.62% 
Max20% in futures 0.67% 8.78% 2.66% 3.99% 7.10% 8.95% 58.00% 3.61% 6.25% 5.80% 3.07% 125.62% 
Min 50% in the US 
and Max 15%in 
futures 

0.00% 15.00% 8.55% 0.00% 13.67% 0.00% 11.11% 1.68% 50.00% 6.65% 6.26% 74.98% 

Min 50% in US and 
Max 20%in futures 0.00% 17.84% 8.55% 0.00% 14.01% 0.00% 7.72% 1.89% 50.00% 6.85% 6.52% 75.16% 

Portfolio F (Conventional Assets + Indian Commodity Futures) 
 Gold Crude Oil Copper CNB INB USB CNS USS 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝 

No short selling 6.72% 0.15% 2.43% 6.58% 1.20% 72.13% 3.97% 6.83% 5.51% 3.49% 102.19% 
Max15% in futures 6.73% 0.09% 2.44% 6.72% 1.19% 72.03% 3.99% 6.80% 5.51% 3.49% 102.19% 
Max20% in futures 6.72% 0.15% 2.43% 6.58% 1.20% 72.13% 3.97% 6.83% 5.51% 3.49% 102.19% 
Min 50% in the US 
and max 15%in 
futures 

15.00% 0.00% 0.00% 0.00% 0.00% 30.28% 4.72% 50.00% 6.29% 6.48% 66.89% 

Min 50% in the US 
and max 20%in 
futures  

18.51% 0.00% 0.00% 0.00% 0.00% 26.53% 4.96% 50.00% 6.59% 6.91% 67.14% 

 
To be continued on next page  
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Table 6.5 continued 

Portfolio G (Conventional Assets + US Commodity Futures) 
 Crude 

oil 
Coppe

r Gold Soybe
an Corn Wheat Soybe

an oil Sugar CNB USB CNS USS 𝑅𝑅𝑝𝑝 𝜎𝜎𝑝𝑝 𝑆𝑆𝑝𝑝 

No short selling 0.42% 1.92% 2.90% 0.00% 0.13% 1.81% 2.27% 0.00% 9.98% 70.17% 3.36% 7.05% 5.1
6% 

3.22
% 

100.06
% 

Max15% in 
futures 

0.42% 1.93% 2.89% 0.00% 0.13% 1.81% 2.27% 0.00% 9.98% 70.17% 3.36% 7.04% 5.1
6% 

3.22
% 

100.06
% 

Max20% in 
futures 

0.42% 1.92% 2.90% 0.00% 0.13% 1.81% 2.27% 0.00% 9.98% 70.17% 3.36% 7.05% 5.1
6% 

3.22
% 

100.06
% 

Min 50% in the 
US and max 
15%in futures 

0.00% 0.00% 12.60
% 

3.55% 0.00% 2.62% 0.00% 0.00% 0.00% 26.47% 4.76% 50.00
% 

6.1
2% 

6.56
% 

63.68
% 

Min 50% in the 
US and max 
20% in futures  

0.00% 0.00% 12.60
% 

3.55% 0.00% 2.61% 0.00% 0.00% 0.00% 26.48% 4.76% 50.00
% 

6.1
2% 

6.56
% 

63.68
% 

Notes: This table displays optimal portfolios under different constraints. Panel A displays outcomes for the conventional portfolio and Panel B shows results of portfolios with 
conventional assets and commodity futures from selected countries.  For each restriction, optimal weights are reported for individual asset within the portfolio. Additionally, it 
also presents the returns (𝑅𝑅𝑝𝑝), standard deviation (𝜎𝜎𝑝𝑝) and Sharpe ratio (𝑆𝑆𝑝𝑝) of the respective optimal portfolio. All figures presented are on an annualised basis. The US_S 
refers to the MSCI stock market index for the US market. 
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6.4.4 Out-of-sample Analysis 

The results of the in-sample analysis suggest significant gains from commodity futures 

diversification. The primary criticism of the findings is that these results may be sample driven. 

If the model was applicable to only the specific data and/or time period sample used in the 

study, investors who use the model in their asset allocation strategies may be exposed to a high 

risk (Madura, 2007). This study thus conducts an out-of-sample analysis over the period from 

06/12/2013 to 25/11/2016. This analysis will help assess how diversification benefits evolve 

over time. The optimal portfolios for the in-sample period are rebalanced on the quarterly basis 

during this period. More specifically, there are 12 rebalancing dates. On each rebalancing date, 

key inputs are re-estimated over the new period, which always starts from the initial date of the 

in-sample period (06/01/2006). Inputs of mean returns, standard deviation and covariance 

matrix are then used to construct the rebalanced optimal portfolio. Finally, the quarterly return 

on the portfolio is determined by the optimal allocation in each asset in the portfolio, as well 

as the corresponding asset returns. 

This study uses an out-of-sample Mean Squared Error (MSE) to measure the model 

accuracy. This method can be used for model selection purposes (Rivers and Vuong, 2002). 

The lower the value of MSE, the better the accuracy of the model (Granger and Pesaran, 2000). 

Specifically, the MSE measures the differences between the true value and the expected value, 

which can be specified as:  

𝑀𝑀𝑆𝑆𝐸𝐸 (𝑋𝑋�) = 𝐸𝐸�(𝑋𝑋� − 𝜇𝜇)� = (
𝜎𝜎
√𝑛𝑛

)2 =
𝜎𝜎2

𝑛𝑛
 

where n is the sample size, µ is the expected value, X� is the mean of the sample, which is given 

by X� = 1
n
∑ (y1� )n
i=1  and σ2 is the population variance.  
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The out-of-sample MSE is computed between ex-post and ex-ante portfolio returns on 

the rebalancing date for each of the six investment scenarios. Therefore, the portfolio is 

rebalanced at: 28/12/2014, 30/05/2014, 29/08/2014, 28/11/2014, 27/02/2015, 28/08/2015, 

27/11/2015, 26/02/2016, 27/05/2016, 26/08/2016, 25/11/2016. For each three-month interval, 

the study simulates the portfolio under five restricted scenarios. Thus, there are 60 pair 

portfolios for in-sample and out-of-sample data. The results are reported in Table 6.6.  

Table 6.6: Mean Squared Errors (MSE) between Ex-post and Ex-ante Portfolio Returns 

Investment Restrictions 

 
Conventional 

Portfolio 
Chinese futures + 

Conventional Portfolio 
Date Ex-Post Ex-ante Ex-Post Ex-ante 

No short Sale           
28/02/2014 2.94% 24.19% -1.45% -6.06% 
30/05/2014 5.78% 19.24% 4.69% 13.80% 
29/08/2014 7.01% 13.60% 8.11% 15.68% 
28/11/2014 4.96% 33.11% -8.13% 34.39% 
27/02/2015 5.25% 23.58% -1.75% 22.15% 
29/05/2015 3.44% 11.33% 3.37% 2.24% 
28/08/2015 -11.03% -27.10% -13.08% -37.88% 
27/11/2015 3.69% -4.73% -4.21% 15.77% 
26/02/2016 -2.05% 5.23% -8.10% -10.34% 
27/05/2016 7.90% 23.80% 7.56% 32.35% 
26/08/2016 8.99% -13.69% 7.70% -38.06% 
25/11/2016 -10.55% 0.47% -7.74% -11.08%  

MSE         2.61% 5.23% 
Max15% in emerging market/ individual futures     

28/02/2014 2.94% 24.19% -1.45% -6.06% 
30/05/2014 5.79% 19.23% 4.69% 13.80% 
29/08/2014 7.00% 13.60% 8.11% 15.68% 
28/11/2014 4.96% 33.12% -8.13% 34.39% 
27/02/2015 5.25% 23.61% -1.75% 22.15% 
29/05/2015 3.44% 11.36% 3.37% 2.24% 
28/08/2015 -11.01% -27.11% -13.08% -37.88% 
27/11/2015 3.68% -4.72% -4.21% 15.77% 
26/02/2016 -2.03% 5.22% -8.10% -10.34% 
27/05/2016 7.89% 23.78% 7.56% 32.35% 
26/08/2016 8.99% -13.68% 7.70% -38.06% 
25/11/2016 -10.55% 0.46% -7.74% -11.08%  

MSE 2.61% 5.23% 
 

To be continued on next page 
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Table 6.6 continued 
 

  

Max20% in emerging market/ individual futures     
28/02/2014 2.94% 24.19% -1.45% -6.06% 
30/05/2014 5.79% 19.23% 4.69% 13.80% 
29/08/2014 7.00% 13.60% 8.11% 15.68% 
28/11/2014 4.96% 33.11% -8.13% 34.39% 
27/02/2015 5.25% 23.60% -1.75% 22.15% 
29/05/2015 3.44% 11.36% 3.37% 2.24% 
28/08/2015 -11.01% -27.11% -13.08% -37.88% 
27/11/2015 3.68% -4.72% -4.21% 15.77% 
26/02/2016 -2.03% 5.22% -8.10% -10.34% 
27/05/2016 7.89% 23.78% 7.56% 32.35% 
26/08/2016 8.99% -13.68% 7.70% -38.06% 
25/11/2016 -10.55% 0.46% -7.74% -11.08%  

 MSE 2.61% 5.23% 
Min 50% in US and max 15% in emerging market/individual futures 

28/02/2014 6.88% 46.46% -5.88% -30.79% 
30/05/2014 9.38% 38.67% 9.21% 24.58% 
29/08/2014 12.30% 23.68% 13.78% 20.15% 
28/11/2014 7.25% 31.30% -17.32% 30.06% 
27/02/2015 7.89% 11.20% -2.40% 12.19% 
29/05/2015 4.09% -16.91% -1.42% -42.36% 
28/08/2015 -20.86% 0.45% -21.28% -5.50% 
27/11/2015 10.52% -6.54% -1.37% 24.42% 
26/02/2016 -16.77% 40.87% -25.68% 4.61% 
27/05/2016 19.77% 74.98% 21.02% 95.85% 
26/08/2016 13.33% -23.78% 10.76% -62.65% 
25/11/2016 -1.67% 39.34% 1.94% 10.43%  

 MSE 11.47% 14.94% 
Min 50% in US and max 20% in emerging market/individual futures 

28/02/2014 6.88% 46.46% -7.49% -34.47% 
30/05/2014 9.38% 38.67% 10.12% 25.14% 
29/08/2014 12.30% 23.68% 14.99% 22.26% 
28/11/2014 7.25% 31.30% -18.80% 31.27% 
27/02/2015 7.89% 11.20% -3.42% 11.39% 
29/05/2015 4.09% -16.91% -0.44% -45.27% 
28/08/2015 -20.86% 0.45% -22.28% -7.24% 
27/11/2015 10.52% -6.54% -3.08% 28.68% 
26/02/2016 -16.77% 40.87% -26.63% 4.45% 
27/05/2016 19.77% 74.98% 19.31% 99.49% 
26/08/2016 13.33% -23.78% 10.53% -63.37% 
25/11/2016 -1.67% 39.34% 1.00% 4.86%  

 MSE 11.47% 16.54% 
Notes: This table presents the annualised returns for ex-post and ex-ante portfolios as well as the mean squared 
errors between them. 
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Table 6.6 shows returns of each of the five investment scenarios. The out-of-sample 

MSE is calculated between ex-post and ex-ante portfolio returns on the rebalancing date for 

both the conventional portfolio and the portfolio of conventional assets and Chinese 

commodity futures. As can been seen from the table, the value of estimated MSE for both 

portfolios is less than 10% for the first three investment scenarios. This suggests that the out-

of-sample returns are close to the in-sample estimates when there is no short sell and maximum 

15%/20% weight is allocated to assets or commodity futures in emerging markets. For the 

remaining two investment restrictions (Minimum 50% in the US and maximum 15%/20% in 

emerging market/individual futures), the estimated MSE is relatively large, which is over 10%. 

This indicates that the out-of-sample returns deviate from the in-sample estimates.  
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Table 6.7: Mean Squared Errors (MSE) between Ex-post and Ex-ante Portfolio Returns 

Investment 
Restrictions 

 Indian futures + 
conventional Portfolio 

US futures+ 
conventional 

Portfolio 
Date Ex-Post Ex-ante Ex-Post Ex-ante 

No short sale          
 28/02/2014 3.84% 26.61% 3.99% 20.42% 
 30/05/2014 3.81% 7.09% 4.28% 0.73% 
 29/08/2014 6.03% 12.85% 3.11% 11.66% 
 28/11/2014 0.41% 12.22% 2.44% 19.24% 
 27/02/2015 4.88% 30.86% 3.45% 34.42% 
 29/05/2015 2.32% 6.81% 1.65% 7.89% 
 28/08/2015 -11.06% -33.10% -11.47% -25.59% 
 27/11/2015 -0.22% -7.35% 1.06% -4.17% 
 26/02/2016 3.60% 4.07% 1.87% 2.20% 
 27/05/2016 7.47% 12.34% 8.14% 20.46% 
 26/08/2016 10.41% -21.26% 7.20% -32.57% 
 25/11/2016 -9.58% 4.69% -8.02% 8.31% 
 MSE 2.65% 3.22% 

Max15% in individual futures       
 28/02/2014 3.80% 26.54% 3.99% 20.42% 
 30/05/2014 3.79% 7.09% 4.28% 0.73% 
 29/08/2014 6.03% 12.85% 3.11% 11.66% 
 28/11/2014 0.41% 12.22% 2.44% 19.24% 
 27/02/2015 4.88% 30.86% 3.45% 34.42% 
 29/05/2015 2.32% 6.81% 1.65% 7.89% 
 28/08/2015 -11.06% -33.10% -11.47% -25.59% 
 27/11/2015 -0.22% -7.35% 1.06% -4.17% 
 26/02/2016 3.60% 4.07% 1.87% 2.20% 
 27/05/2016 7.47% 12.34% 8.14% 20.46% 
 26/08/2016 10.41% -21.26% 7.20% -32.57% 
 25/11/2016 -9.58% 4.69% -8.02% 8.31% 
 MSE 2.65% 3.22% 

Max20% in individual futures       
 28/02/2014 3.80% 26.54% 3.99% 20.42% 
 30/05/2014 3.79% 7.09% 4.28% 0.73% 
 29/08/2014 6.03% 12.85% 3.11% 11.66% 
 28/11/2014 0.41% 12.22% 2.44% 19.24% 
 27/02/2015 4.88% 30.86% 3.45% 34.42% 
 29/05/2015 2.32% 6.81% 1.65% 7.89% 
 28/08/2015 -11.06% -33.10% -11.47% -25.59% 
 27/11/2015 -0.22% -7.35% 1.06% -4.17% 
 26/02/2016 3.60% 4.07% 1.87% 2.20% 
 27/05/2016 7.47% 12.34% 8.14% 20.46% 
 26/08/2016 10.41% -21.26% 7.20% -32.57% 
 25/11/2016 -9.58% 4.69% -8.02% 8.31% 
 MSE 0.0265 0.0322 

 To be continued to next page 
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Table 6.7 continued  
Min 50% in US and max 15% in individual futures   

 28/02/2014 7.09% 52.22% 9.21% 43.53% 
 30/05/2014 4.21% 14.62% 6.45% 3.71% 
 29/08/2014 12.09% 27.19% 6.74% 12.97% 
 28/11/2014 0.45% 2.28% 1.64% 13.01% 
 27/02/2015 7.90% 9.00% 7.19% 16.78% 
 29/05/2015 2.58% -28.74% -0.19% -36.46% 
 28/08/2015 -20.82% -14.03% -21.11% -14.94% 
 27/11/2015 6.03% -15.87% 5.98% -19.51% 
 26/02/2016 -8.54% 34.71% -10.08% 25.38% 
 27/05/2016 18.31% 45.35% 22.21% 54.92% 
 26/08/2016 16.14% -32.07% 11.68% -52.05% 
 25/11/2016 -6.01% 25.74% -4.19% 27.81% 
 MSE 8.18% 9.05% 

Min 50% in US and max 20% in individual futures   
 28/02/2014 6.87% 53.72% 9.21% 43.54% 
 30/05/2014 2.94% 8.79% 6.45% 3.72% 
 29/08/2014 12.28% 27.40% 6.74% 12.97% 
 28/11/2014 -1.21% -3.22% 1.63% 12.98% 
 27/02/2015 8.05% 8.64% 7.20% 16.78% 
 29/05/2015 2.63% -32.58% -0.18% -36.42% 
 28/08/2015 -21.68% -18.33% -21.11% -14.92% 
 27/11/2015 5.04% -19.46% 5.98% -19.49% 
 26/02/2016 -7.13% 33.07% -10.08% 25.40% 
 27/05/2016 18.15% 39.78% 22.21% 54.91% 
 26/08/2016 17.06% -34.32% 11.69% -52.00% 
 25/11/2016 -6.97% 23.31% -4.20% 27.82% 
 MSE 8.29% 9.05% 

 

Notes: This table presents the annualised returns for ex-post and ex-ante portfolios as well as the mean squared 
errors between them. 

Table 6.7 provides returns of each of the five investment scenarios; the out-of-sample MSE is 

calculated between ex-post and ex-ante portfolio returns on the rebalancing date for the 

portfolio of conventional assets and the Indian commodity futures and the portfolio of 

conventional assets and the US commodity futures. Similar to results in Table 5a, with 

investment restrictions of no short sell, maximum 15%/ 20% portfolio weight in individual 

commodity futures, the value of the estimated MSE for both portfolios is less than 4%. This 

suggests that the out-of-sample returns are close to the in-sample estimates. However, the MSE 

has increased significantly for investment restrictions of minimum 50% of portfolio weights in 

the US market and maximum 15% / 20% portfolio weight in individual futures, which is around 
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8% to 9%. This suggests that the out-of-sample returns are moving far/away from the in-sample 

estimates.  

6.5 Conclusion  

This chapter has focused on the incremental portfolio diversification of commodity 

futures from a US investors’ perspective. It has addressed the research question: Are emerging 

market commodity futures an effective investment vehicle for US investors to obtain 

diversification benefits? In developed markets, the commodity futures have been widely 

considered as an alternative investment option. Investors who include commodity futures in 

their portfolios are taking advantages of their negative or low correlations with traditional asset 

classes offered by commodity futures, while they still maintain similar returns compared to 

conventional assets. Commodity futures are also considered as an inflation hedge, which 

indicates that during the inflation period, when the prices of other financial assets decrease, 

prices of commodity futures increase.  

The vast majority of existing studies that examine the portfolio diversification benefits 

of commodity futures either focus on commodity indexes or have a developed market 

perspective. Their results generally support the argument that commodity futures can help 

portfolio holders to increase their portfolio returns without raising the portfolio risk. However, 

few studies investigate this issue by using individual commodity futures and utilising emerging 

market data. In recent years, the commodity exchanges in emerging markets, especially the 

Chinese and Indian commodity exchanges, have expanded dramatically, in terms of size and 

trading volume. Furthermore, many commodity futures contracts from emerging markets are 

ranked as top contracts in the world by trading volume. Moreover, these emerging commodity 

futures exchanges have also gradually opened doors to foreign investors. As a result, foreign 
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investors can seek to further diversify their portfolios in these emerging markets, which may 

have negative or low correlations with stocks and bonds.  

The current research has some shortcomings. First, many studies use constant 

correlation as an input variable for portfolio optimisation process. However, correlations 

change over time; thus constant correlation estimates may lead to an inaccurate measure of 

portfolio performance. Second, the majority of the current studies are based on in-sample 

analysis. Therefore, findings of these studies may be limited to a specific market for a certain 

period of time.  

This research is superior to previous studies in that it overcome these shortcomings. In 

particular, in this research, the univariate GARCH model is adopted to capture the time-

variations in volatilities, while the ADCC model is applied to estimate correlations. Accurate 

estimates are attributed to produce more reliable measure of the performance of portfolios. 

Besides, this study conducts an out-of-sample analysis, which helps to improve the accuracy 

of findings.  

Findings of this research firstly confirm the existence of time-varying correlations. The 

results further show that adding commodity futures into the conventional asset portfolio shifts 

the efficient frontier line both towards left and upwards. This indicates that adding commodity 

futures into the traditional portfolio increases portfolio returns without raising the portfolio 

risks. In addition, the in-sample analyses show that both Chinese and Indian commodity futures 

outperform the US commodity futures in terms of portfolio diversifications. This indicates that 

US investors can gain better portfolio benefits by using the commodity futures in the emerging 

markets. However, the out-of-sample results show that the out-of-sample returns deviate from 

the in-sample estimates.  
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This research makes significant contributions to both the theoretical framework and the 

practice. By showing a time-varying correlation between the US and the emerging commodity 

futures, this study better explains the dynamics of market integration. Moreover, it contributes 

to MPT by demonstrating how emerging market commodity futures help US investors to 

diversify their portfolio risks. The findings confirm that US investors could still gain benefits 

by diversifying into the emerging commodity futures.  

From a practical point of view, this study offers an effective way of portfolio 

construction and strategy development. This research defines the investment strategies under 

different investment scenarios, and the portfolio achieved the highest returns under: a) no short 

selling; or b) a minimum 50% in the US with a maximum 15%/20% in commodity futures.   

Lastly, this study applied GARCH-type models to estimate time-varying correlations 

and standard deviations. These sophisticated models produce more accurate estimations. The 

application of a theoretically superior model to estimate correlation and standard deviation has 

important implications for fund managers in terms of portfolio constructions. 
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Chapter 7  

Concluding Remarks and Implications 

7.1 Introduction  

This research investigated the impacts of globalization and financialization on 

emerging commodity futures markets. It proposed and examined this main research question 

from pricing mechanisms and portfolio investment perspectives. It examined the information 

transmissions between emerging commodity futures and international markets (Chapter 4) and 

the domestic and international macroeconomic determinants of the volatility of commodity 

futures in emerging markets (Chapter 5). Findings of Chapter 4 and 5 confirmed the integration 

of emerging commodity futures with the international ones. Therefore, commodity futures can 

be treated as an alternative investment asset class because of unique risk and return profiles. 

Thus, using the results from Chapter 4 and Chapter 5, Chapter 6 further tested whether the 

emerging commodity futures can provide additional portfolio benefits to US investors. 

Globalization as a process has been ongoing for several centuries. Within different 

domains of globalization, economic globalization is of particular importance as it has raised 

the interdependence of world economies. Consequently, commodity trading, flows of 

international capital and advanced technologies have expanded beyond the national levels to 

an international level. 

Commodity trading has expanded dramatically with globalization. In recent years, a 

range of commodities has experienced a significant fluctuation in prices. During the period of 

2007-2008, several commodity sectors had a boom and bust cycle. These price and volatility 
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hikes have significant impacts on the viability of both existing and future production and on 

investment decisions made by government and corporations. Therefore, it has become a critical 

global issue for both academics and practitioners. Scholars have identified two reasons for the 

price rise: 1) the market integration and financialization of commodity markets; 2) the 

increased demand for commodities in emerging markets (Gilbert, 2010; Hamilton, 2009; Hong 

& Yogo, 2012; Kilian, 2009; Mayer, 2009; Mou, 2010; Tang & Xiong, 2012). 

The financialization of commodity futures refers to the conversion of physical assets 

into financial investments. The financialization process in commodity markets has changed the 

price determinants of commodities. Previously, commodity prices were purely determined by 

domestic market factors as well as the supply and demand of physical commodities. Because 

of financialization, commodity prices are also being determined by a whole set of financial 

factors, such as aggregation of risk, appetite for financial assets, and investment behaviour of 

diversified commodity index investors. On the one hand, the financialization may lead to more 

efficient information sharing of commodity price risks; on the other hand, it can potentially 

result in increased volatility across different commodity sectors. 

Previous studies investigate the impact of financialization of commodity markets are 

from three major economic mechanisms: storage, risk sharing and information discovery 

(Acharya et al., 2013; Cheng et al., 2015; Cheng & Xiong, 2014; Singleton, 2013; Sockin & 

Xiong, 2015; Tang & Xiong, 2012). Within these three mechanisms, scholars conclude risk 

sharing and information discoveries are most influenced by financialization. Recently, some 

researchers also argue that financialization of commodities may result in an integration of 

commodities with stocks and bonds, and as a result, adding commodity futures into the 

portfolio may not necessarily improve the portfolio’s Sharpe ratio (Domanski & Heath, 2007; 

Silvennoinen & Thorp, 2013; Tang & Xiong, 2012). 
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As pointed out by Hamilton (2009) and Kilian (2009), a key factor in explaining the 

commodity price boom in recent years is the strong commodity demand from China, India and 

other emerging economies. According to the World Bank Statistics (2016), the four largest 

emerging economies accounted for a large proportion of commodity productions and 

consumption worldwide. At the same time, the commodity futures exchanges in the emerging 

economies started to play an important role in the global context. However, less research is 

conducted on emerging market data. Being inspired by financialization and the rapid 

development of emerging commodity markets, this research examines the question from an 

emerging commodity futures perspective. 

This thesis was also motivated by three theoretical foundations: the EMH, the LOP and 

the spot and futures parity. Under the EMH, the markets are informationally efficient and prices 

adjust information immediately when it arrives. As a result, motivations of trading and trading 

strategies should not matter: the fundamental of each specific commodity will bring the market 

to equilibrium price. Financialization of commodities should not influence the efficiency of the 

market in any form. 

The LOP states that the prices of a given commodity should be identical after 

considering exchange rates and transaction costs. Therefore, no arbitrage opportunity exists 

between spot and futures prices within the same country, or similar commodities in different 

markets. However, the existing literature suggests the futures and spot prices adjust information 

with different speeds and there is information asymmetry in different markets. Lastly, derived 

from the LOP, the spot-futures parity implies that the value of futures as derivatives should be 

based on the values of the underlying assets. Spot and future prices are driven by the same 

information set, and as a result their values should not be too far apart. There should be a long-

run equilibrium between futures and spot prices. 
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With the development of globalization and the financialization of the commodity 

markets pricing mechanism, commodities may have moved away from having a purely 

domestic economic context and physical supply and may demand a milieu that includes 

international context. With this in view this research revisits the pricing and information flow 

in the commodity markets in the aftermath of financialization and globalization.  

This research addressed the research question: What are the impacts of globalization 

and financialization of commodity futures in emerging markets? This overarching research 

question was examined by three inter-related studies. Firstly, it examined the information 

transmission between emerging commodity markets and international commodity markets. 

This was followed by investigation of the macroeconomic determinants of the volatility of 

commodity futures in emerging markets, from both domestic and international perspectives. 

The research also tested whether US investors can practically obtain benefits by diversifying 

their portfolios into emerging futures markets. 

The research question was answered through the three inter-related studies using 

sophisticated models. The first study (in Chapter 4) used Johansen cointegration test and the 

VECM model to examine the long-run and short-run relationships among futures/spot prices 

in China and futures price in the US. The second study (in Chapter 5) employed the GARCH-

MIDAS model to examine the macroeconomic determinants of the volatility of commodity 

futures in China and India. The advantage of the GARCH-MIDAS model is the decomposition 

of the volatility components into short-run and long-run, which further allows the incorporation 

of data with mixed frequencies directly into one model. In this way, the impacts of the low-

frequency macroeconomic factors can be examined separately from the short-run information, 

such as daily prices. The third study (in Chapter 6) used the univariate GARCH model to 

estimate time-varying volatilities while using the ADCC model to estimate time-varying 
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correlations. The use of sophisticated GARCH type models and the VECM model in analysis 

provided accurate, reliable and robust results.  

To the best of the author’s knowledge, this research is the first that looks at the impact 

of the globalization and financialization of commodities from an emerging market perspective 

and that covers a wide range of individual commodity futures contracts from various sectors. 

The following subsection summarises the empirical findings of this thesis. 

7.2 Summary of Findings 

To examine the impact of the globalization and financialization of commodities with a 

focus of emerging markets, three interrelated studies are employed to explore three sub-

questions. The summary of findings is presented as follows. 

The first study examines the information transmission among futures/spot markets in 

China and the US. The relationships have been investigated in both long-run and short-run. 

The Johansen cointegration results show a long-run equilibrium relationship among 

futures/spot prices in China and futures prices in the US in all selected agricultural 

commodities, except for wheat. In addition, in the bivariate context, the long-run relationship 

is confirmed between spot and futures markets in China, as well as between futures prices in 

China and the US markets. However, the long-run equilibrium relationship fails to hold 

between spot prices in China and futures prices in the US. In terms of the short-run analyses, 

the results show that the information contained in futures prices can influence the spot market 

movements in China and vice versa. Further, the bi-directional relationship also exists between 

China and the US futures prices. This result is different from previous findings, which show 

that the US markets play an important price discovery role in the Chinese markets. Findings 

from this research indicate that the information content in the Chinese commodity futures has 
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impacts on the futures price movements in the US market. Therefore, Chinese commodity 

futures started to play an increasingly important price discovery role in the global context. 

Moreover, the GFC sub-sample results show that there is a bi-directional relationship between 

spot returns and futures returns during the GFC period and the significant forecasting power 

remain prominent during the post GFC period. During the crisis and post-crisis periods, the US 

market plays a better price discovery role than the Chinese markets. 

The second study investigated the volatility determinants of commodity futures in 

China and India, from a macroeconomic perspective. Overall, its findings show that both 

domestic and international macroeconomic variables determine the long-run volatility 

component of Chinese and Indian commodity futures. In particular, results for the Chinese 

market show that changes of both domestic and international macroeconomic variables have a 

weak economic impact on fluctuations of commodity futures. However, the results for 

volatility are more consistent, which show that uncertainty in macroeconomic factors is 

significantly and positively related to the volatility of commodity futures in most cases. On the 

other hand, grain markets always show an inconsistent result compared to commodity futures 

in other sectors. One potential reason is high government interventions. Due to the large 

population, the Chinese market is significantly influenced by the price fluctuations in grain 

markets. Government takes actions to protect and stabilise the grain market by setting up the 

predetermined fixed price and minimum grain price. As a result, grain prices are less affected 

by changes in the economic environment. In relation to the results of the Indian market, both 

domestic and international information has a significant impact on the volatility of commodity 

futures, and the fluctuations in macroeconomic variables show more significant economic 

implications. 
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The third study examined the issue from a portfolio perspective. Because of the 

financialization, commodity futures have been treated as an alternative investment class, which 

may increase the portfolio returns without changing portfolio risks. This study uses commodity 

futures from China and India and examines whether adding emerging commodity futures into 

the conventional asset portfolio will provide any additional diversification benefits to the US 

portfolio holders. Results of this study show that adding commodity futures into the 

conventional asset portfolio shifts the efficient frontier towards left and upwards. This shifting 

of efficient frontier indicates that with a certain level of risk, portfolio with emerging 

commodity futures can receive a better return. In addition, this study employs the time-varying 

correlation estimates and confirms the existence of time-varying correlations. The in-sample 

results show that both Chinese and Indian commodity futures can outperform the US 

commodity futures in terms of portfolio diversifications. Therefore, by investing in emerging 

commodity futures, the US investors can gain better portfolio returns than investing in the 

domestic market. But out-of-sample tests show that the results deviate from the in-sample 

results. 

7.3 Relevance and Implications 

This research does not claim to have solved all the puzzles in emerging commodity 

markets, although the findings provide new insights in the understanding of pricing 

mechanisms and portfolio diversification benefits of emerging commodity markets. This 

research makes important contributions to the theoretical framework, practice and policies. It 

makes a number of contributions to the growing literature in the commodity field, especially 

in the context of emerging markets. 

First, findings provide conclusive evidence of change in pricing mechanisms of the 

commodity markets. The price of commodities is determined by both domestic and 
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international factors, and information contained in emerging markets plays an important role 

in determining the commodity futures prices in developed markets. Meanwhile, with 

integration of markets, the information contained in the developed markets is also playing a 

more important role in pricing the commodity futures in the emerging markets.  

The second contribution stems from construction of volatilities. The investigation of 

the volatility determinants thus far has mainly focused on high frequency variables, and the 

impact of low-frequency macroeconomic variables are generally ignored. One reason for 

ignoring the macroeconomic variables is the non-matching frequencies of data. Previous 

studies that examine the impact of low-frequency macroeconomic conditions, such as Ott 

(2014) and Pietola et al. (2010), convert the high frequency data into lower frequency data by 

simply averaging high frequency observation. However, this method may omit important 

information contained in high frequency data. To separate the impact of macroeconomic 

determinants from other short-run information without a significant loss of information 

content, this research employed a sophisticated model, the GARCH-MIDAS model. It 

decomposes the volatility series into short-run and long-run components. In this way, the 

impact of low-frequency macroeconomic variables can be captured and examined, along with 

the high frequency daily price information.  

Third, this research also contributes to the MPT by providing evidence that the 

commodity futures in emerging markets can be considered as a separate asset class because of 

their unique risk-return profile. Foreign investors are able to use commodity futures in 

emerging markets to gain exposure to the commodity markets without the need to directly 

invest in the physical commodities.  

The contributions to practice and the policy implications of this thesis can be considered 

in three streams. Findings of this research firstly provide additional evidence to practitioners 
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who aim to invest in a portfolio that provides highest level of returns that commensurate with 

their risk appetite. Adding commodity futures from emerging markets allows investors to 

enhance their risk adjusted portfolio returns. Secondly, findings of this research have important 

implications to fund managers in terms of the forecasting of commodity futures volatility. This 

allows investors to protect themselves from unexpected decline in the future.  

Thirdly, findings of this thesis provide foundation to policy makers for development of 

regulations and policies with respect to commodity markets. Direct control on commodity 

prices may cause mispricing in the commodity markets, especially in physical commodities. 

This mispricing may further result in the development of unofficial trading when prices in the 

spot market deviate from their true value. Therefore, government should use interventions in 

fiscal and monetary policy rather than by direct price control of commodities.  

7.4 Future Research Directions 

The research has focused on China and India, the two largest of the emerging markets 

and has drawn conclusions based on the available data. Research can benefit from extending 

this to other emerging markets such as Brazil and Russia. Currently this has not been done 

because of the unavailability of the data for these two markets. Conclusions from the research 

can still be drawn without the inclusion of the data from Brazil and Russia, as the selected data 

represents significant proportion of the emerging markets.  

Further, as the process of financialization proceeds, new financial instruments and 

trading strategies are expected to be introduced. Future research may examine whether the 

financialization process has any impact on the hedging and speculation of commodity futures. 

This research concludes that the volatility of commodity futures in emerging markets is 

determined by both domestic and international macroeconomic variables. This future research 
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can be extended by investigating the relationship between macroeconomic news and the 

volatility of commodity futures in emerging markets.   

Lastly, this research examines the macroeconomic determinants of the volatility of 

commodity futures individually. Further research can extend this examination into a 

multivariate context and further capture the time-varying correlations among different 

macroeconomic variables.  
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Appendix  

A: Conditional Volatility of Chinese Commodity Futures and its Long-run Component  

Figure A.1: Conditional Volatility of Copper Futures 
Returns and its Long-run Component 

 

Figure A.2: Conditional Volatility of Aluminium 
Futures Returns and its Long-run Component 

 
Figure A.3: Conditional Volatility of Gold Futures 

Returns and its Long-run Component  
Figure A.4: Conditional Volatility of Soybean 
Futures Returns and its Long-run Component  
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Figure A.5: Conditional Volatility of Corn Futures 
Returns and its Long-run Component  

Figure A.6: Conditional Volatility of Sugar Futures 
Returns and its Long-run Component 

 
 

Figure A.7: Conditional Volatility of Fuel Oil Futures 
Returns and its Long-run Component  

 

 
B: Conditional Volatility of Indian Commodity Futures and its Long-run Component  

Figure B.1: Conditional Volatility of Copper Futures 
Returns and its Long-run Component  

Figure B.2: Conditional Volatility of Gold 
Futures Returns and its long-run component 
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