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ABSTRACT

In this study we analyse the role of speculation in forging cross-market linkages be-
tween agriculture, equity and crude oil over the period 1992-2014. The market inter-
dependence of ten U.S. traded agricultural commodities futures is measured through
the spillover index of Diebold and Yilmaz (2009, 2012) and the dynamic conditional
correlation framework of Engle (2002). Utilising data from the U.S. Commodity Fu-
tures Trading Commission, five different measures of speculation are constructed, which
are used to examine the long-run and short-run dynamics between market integration
and speculation. To explore time-varying characteristics in this relationship, and as a
test for robustness, we perform a sub-sampling analysis for the periods 1992-2006 and
2006-2014.

We show that cross-market linkages grew stronger post-2005, particularly in the
aftermath of the 2008 global financial crisis. The results of our econometric analysis
indicate that any conclusions regarding the role of speculation in this process are highly
sensitive both to the choice of market integration measure, as well as to how the extent of
speculation is captured. Overall, though, there is little to indicate that speculation has
played an important role in creating cross-market linkages. We do provide some evidence
of market integration increasing with market size, but other factors, such as inflation
and exchange rates, seem to provide better explanations of agriculture-equity-energy
price dynamics. In line with previous research, we also find market interdependence to
increase with stock market uncertainty, which suggests that the diversification benefits of
commodity futures investments are actually reduced when needed the most. Considered
together with our findings on the sizes of markets, which are increasingly made up of
speculators, it appears at least possible that financialisation has made food markets
more vulnerable to disturbances in financial markets.

Keywords: Spillover index, dynamic conditional correlation, commodity futures, spec-
ulation, cross-market linkages
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1. INTRODUCTION

1.1. Background

The last decade has seen a renewed debate concerning the role of speculation in com-
modities futures markets. This was sparked by the boom in agricultural prices during
2006-2008 (often referred to as the food price crisis), and abnormally high levels of price
volatility in essential food commodities, which seem to coincide with the increased pres-
ence of institutional investors in these traditionally hedger-dominated markets. While
the initial debate came to center around speculation as a driver of commodities prices,
and the possibility of a speculative bubble (e.g. Masters and White, 2008; Irwin and
Sanders, 2011), focus has recently started to shift towards the role of speculators in
forging cross-market linkages between commodities, equities and other investable as-
sets. (e.g. Tang and Xiong, 2012; Biiyiiksahin and Robe, 2014; Girardi, 2015)

The topic is interesting from two distinct points of view. First, speculation could
turn out to have a negative impact on Third World hunger and food security, which
could justify strict position limits, or the prohibition of certain kinds of trading activity
in agricultural futures markets. In standard economic theory we would however expect
speculation to increase the efficiency of markets, and any restrictions on trading, no
matter how well intended, could actually end up jeopardising rather than securing a
stable food supply for developing countries. Second, commodities have been proposed
by the finance literature to constitute a separate asset class, based on their low cor-
relations with other asset classes such as stocks or bonds, which motivates the use of
commodities futures for diversification purposes (e.g. Bodie and Rosansky, 1980; Gor-
ton and Rouwenhorst, 2006; Erb and Harvey, 2006). If speculation is in fact causing
commodities to co-move more strongly with equity, historical data will risk seriously
overstate the diversification benefits of commodities futures investment.

1.2. Purpose and research questions

Our thesis has the purpose of analysing the role of speculators in creating cross-market
linkages between agricultural futures markets and other financial markets. More specif-
ically we aim at answering the following research questions: i) What characterises the
evolution of market interdependence between agricultural commodities, crude oil, and
equity? ii) What explains the strength of cross-market linkages, and does its determi-
nants change over time? iii) Has futures market speculation played an important role
in the financial integration of agriculture, compared with other factors?

1.3. Definitions

The term cross-market linkages refers to the interdependence of different markets in
terms of, e.g. price, volatility or uncertainty; financial integration and market, or asset
interdependence are used synonymously. By speculation we intend any futures trading
engaged in for non-hedging purposes.

1.4. Methods

Our approach is best described as consisting of two major steps. In the first step we
discuss and construct suitable measures of speculation and financial market integration.



This addresses our first research question regarding the evolution of market interde-
pendence. We are also able to determine if its character differs between crude oil and
equity in any meaningful way. In the second step we test both for the presence of a
long-run relationship between these measures, and its causal direction. This enables us
to determine the role of speculation and other factors for the strength of, and changes
in, cross-market linkages.

We consider the relationship between ten different U.S. agricultural futures markets,
WTI crude oil, and the S&P 500 for the period 1991-2014 in terms of both return and
volatility. Cross-market linkages are quantified through both the spillover framework
of Diebold and Yilmaz (2012) and the dynamic conditional correlation methodology
(DCC) of Engle (2002). This increases the robustness of our findings by allowing for
comparison, both across our own results, as well as with findings in previous research.
The extent of speculation in agricultural markets is captured using data on traders’
positions and open interests from the U.S. Commodity Futures Trading Commission
(CFTC) Commitments of Traders (COT) reports.

The bounds testing procedure of Pesaran et al. (2001) is used to test for the pres-
ence of a cointegrating relationship between market integration, speculation, and other
macroeconomic factors. We employ the well-established method of Granger (1969) non-
causality to investigate whether changes in speculation predict market integration. To
determine whether market interdependence displays time-varying sensitivity with re-
gards to its drivers, we perform a sub-sampling analysis for 1992-2006 and 2006-2014.

1.5. Delimitations

There are four major delimitations in our study which the reader should be aware of:
i) Our empirical investigation focuses strictly on the role of speculation in creating
cross-market linkages and does not deal with the forecasting ability of speculation on
commodities futures return or volatility; a subject which has already received extensive
treatment in applied work. ii) Cross-market linkages are considered only in terms of
return and volatility. iii) We focus solely on agricultural markets, while a large part
of the literature looks at the entire commodity asset class. Our view is that the effect
of speculation on agricultural commodities is of particular interest given food security
reasons, and the fact that agriculture has, at least historically, been a less financialised
sector than energy or metals. iv) Our use of the COT data naturally limits our study
to the behaviour of a number of U.S. traded commodities futures.

1.6. Ethical considerations

We have already stated why our research topic has important ethical implications. We
would also like to spell out that we have considered the research ethics of our methods.
Most importantly, we do not manipulate our results, or make assumptions, solely for the
purpose of arriving at any desired conclusions. We are also careful to highlight which
results can be considered robust or not, so as not to exaggerate the support for either
side of the debate.

1.7. Disposition

The rest of this thesis is organized as follows: Section 2 reviews the existing literature on
the role of speculation in futures markets. This focuses first on the theory of commodities
futures markets and the evidence supporting or refuting the existence of a speculative
bubble in food prices. It then goes on to deal with the theoretical work underpinning



the role that speculators play in creating cross-market linkages, and empirical studies
on the subject preceding this one. Section 3 details the data used, and discusses how
speculative activity can be measured. In Section 4 the adequacy of our methodology
is debated and the pros and cons of our econometric methods are discussed. This is
followed by a detailed account of how financial market integration is estimated, and
how its long-run and short-run relationships are tested for. Section 5 presents and
discusses our findings, while Section 6 summarises our conclusions.

2. LITERATURE REVIEW

2.1. The theory of speculation in commodities futures markets

Systematic treatment of the role of speculation in commodities futures markets dates
back at least to Keynes (1930) where the theory of normal backwardation (or hedging
pressure) is formulated. This states that hedgers, by dominating the short side of the
futures market, have to offer a premium in order to attract speculators to take opposite
long positions. Hedging pressure leads to the occurrence of backwardation where futures
price tends to be lower than expected spot price. While this theory views the role played
by speculators as essentially offering insurance in exchange for a premium, economic
theory has according to Kaldor (1939) traditionally considered speculators as agents
acting on better than average information. By using their forecasting ability to earn
profits, speculators inadvertently stabilize prices, buying when there is excess supply and
selling when there is excess demand, thus moderating the price changes that must occur
in response to disequilibria. Worse informed speculators who act in the opposite way
will make losses and be eliminated from the market, making de-stabilizing speculation
a logical inconsistency. Although referred to by Kaldor (1939) as the traditional view
on speculation, this line of reasoning is more commonly attributed to Friedman (1953).
Houthakker (1957) and Rockwell (1967) show that speculators in commodities futures
markets tend to make profits beyond what can be explained by normal backwardation,
supporting the notion of speculators with better than average foresight who moderate
commodity price changes. In accordance with the theory of normal backwardation
Gray (1967) finds that hedging costs likely are lower in commodity markets with many
speculators. Summing up, the traditional or neoclassical conclusion is that speculation
improves the efficiency of markets.

According to Kaldor (1939) the hypothesis of wholly beneficial speculation however
requires speculative supply and demand to only make up a small part of total supply and
demand. If this requirement is not met speculation could affect not only the magnitude,
but also the direction of price changes. Furthermore, in markets with a large speculative
component it might be more profitable to forecast the behaviour of other speculators
rather than the fundamental determinants of commodity price. Even if Friedman (1953)
is correct in the observation that ’bad’ speculators cannot logically remain in the mar-
ket, a few ’good’ speculators could be enough to attract a steady stream of new bad
speculators to the market.

In slightly more contemporary work, Black (1986) develops the concept of noise
trading. Noise trading, he says, ”is the trading on noise as if it were information” and
"people who trade on noise are willing to trade even though from an ojective point of
view they would be better off not trading” (Black, 1986, p. 531). By this he means
that if everyone traded on information, then there would be little to facilitate trading
in individual assets. A person with information relating to the price of an asset would
realise that anyone willing to take the opposite side of a trade had information of his



or her own. Given the information of both parties the trade must have a winner and a
loser!. Noise trading is what makes trading possible, and more noise trading will mean
more liquid markets; but it will also introduce noise into asset prices. Black (1986)
argues that noise trading will increase the profitability of trading on information, and
information traders will therefore tend to counter the influence exerted by noise traders
on asset prices. This process might however be slowed down by ambiguity as to what
constitutes noise, and what constitutes information, but assets will tend towards their
correct values over time.

Building on the dichotomy of noise and information trading De Long et al. (1990b)
show that noise traders in theory might deter rational speculators (those trading on
information) from profiting on mispriced assets through their unpredictable behaviour.
Even in the absence of fundamental risk where rational speculators are arbitrageurs,
certain about the fundamental value of assets, they run the risk of having to liquidate
investments before they revert to their fundamental value. This model allows prices
to deviate substantially from fundamental value due to noise trader risk. Furthermore,
De Long et al. (1990a) argue that when noise traders follow positive feedback investment
strategies, rational speculators may profit from buying, or selling, ahead of an antici-
pated positive noise trader feedback. Given a large presence of noise traders rational
speculation could thus increase volatility rather than stabilize prices. See also Shleifer
and Summers (1990) on the noise trader approach to finance.

The literature reviewed in this section so far thus demonstrates that speculation
theoretically can be both beneficial and detrimental to the functioning of agricultural
futures markets.

2.2. The role of speculation in the food price crisis

Recent developments in agricultural markets have renewed interest in the role played by
speculators in the formation of commodity prices. The period of January 2006 to June
2008 saw the prices of major agricultural commodities more than double, and in some
cases triple, only to plummet back to pre-2006 levels in a matter of months. Given their
far-reaching implications, these events have been referred to as the food price crisis. The
rise in prices put great strain on parts of the developing world relying heavily on food
imports, where the urban poor population were already spending a substantial share
of their income on staple foods. The ensuing crash in turn, served as a transmission
mechanism for the global financial crisis from the industrialised world to developing
countries(UNCTAD, 2011). As a consequence of the crisis around 40 million people
were driven into hunger, and the increase of people living in extreme poverty was even
greater (De Schutter, 2011).

The food price crisis has been popularly attributed to the increasing presence of
institutional investors (e.g. investment banks, pension funds and hedge funds) in com-
modities futures markets. Most notably Masters (2008) testified before the Committee
on Homeland Security and Governmental Affairs in the United States Senate that ”in-
stitutional investors are one of, if not the primary, factors affecting commodities prices
today”. This claim is made likely by the fact that, during the same period as the general
price increase, open interests in futures contracts on food commodities grew by roughly
a factor of three. It has also been suggested that the presence of institutional investors is
distorting the price discovery mechanism of futures markets, which has led to increased
price volatility of both energy and agriculture in the post-crisis period (UNCTAD, 2012).

1One could argue that there will be mutually beneficial trades even without noise, when traders hold
portfolios of assets that need to be rebalanced



This increase in futures trading coincides quite well with an increased interest in
the portfolio characteristics of the commodity ’asset class’ (this will be discussed later
on). It can also be explained by financial market deregulation. The Commodity Fu-
tures Trading Commission (CFTC) and its predecessors have been maintaining position
limits on speculative trading in commodities futures markets since the passing of the
The Commodity Exchange Act (CEA) in 1936, with the purposes of preventing market
manipulation and excessive speculation. Following recommendations from the Financial
Products Advisory Committee (FPAC) in 1987, the CFTC started granting discre-
tionary hedging exemptions to swap dealers for the purpose of risk management. Swap
dealers were thereby allowed to take unlimited positions in commodities futures mar-
kets as long as they could demonstrate that the positions were used to offset commodity
price risk incurred through swap contracts. This effectively allowed investors to seek
greater exposure to commodities via over-the-counter (OTC) trades with swap dealers,
than they had previously been able to through on-exchange trading subject to specula-
tive position limits (CFTC, 2008). Commodity futures trading was further deregulated
through the Commodity Futures Modernization Act of 2000 where these kinds of OTC
deals were facilitated (CE'TC, 2000).

The hypothesis of speculation creating a bubble in agricultural futures prices, some-
times referred to as the Masters Hypothesis (Irwin and Sanders, 2012), is elaborated on
in Masters and White (2008), which singles out the large influx of funds from long-only
index traders in the commodities futures market as the main culprit in the crisis. Mas-
ters and White (2008) posit that passive index speculators have a different impact on
price than the active speculators traditionally present in the commodities futures mar-
ket. This is because index speculators are insensitive to price, seeking only to allocate
a certain share of their portfolios to some index tracking the commodities market, e.g.
the S&P GSCI. They further argue that regulators have forgotten to make the distinc-
tion between market manipulation and excessive speculation, which is why speculative
position limits have not been enforced as vigorously as in the past.

The Masters Hypothesis, or some version of it, has found non-negligible support
in economic research. Domanski and Heath (2007) were among the first to raise the
question of what the financialisation of commodity markets could entail for commodity
price dynamics. They discussed especially the possibility of commodity markets becom-
ing subject to the same determinants as traditional financial markets, such as the the
amount of risk capital allocated to trading, which could lead to less robust commodity
market liquidity. With regards to index speculation causing prices to rise above fun-
damental values, Domanski and Heath (2007) however view price movements foregoing
position changes as a more likely scenario. Gilbert (2010) argues that the increase in
index trading should be viewed as a positive demand shock which would seem to have
inflated food prices. Other more vocal proponents of the Masters Hypothesis include
Ghosh (2010) who goes as far as stating that ”it is now widely acknowledged that spec-
ulation was the major factor behind the sharp price rise of many primary commodities”,
rejecting that demand side factors played any role in the price increase.

These views have had considerable policy impact, bringing commodities OTC deriva-
tives under the regulation of the Commodity Futures Trading Commission, and further
increasing their authority through the Dodd-Frank Act?. The Masters Hypothesis has
however been met with a great deal of scepticism in empirical finance and economics. Us-
ing CFTC data on large trader positions several papers have shown that position changes
do not, in general, Granger-cause changes in agricultural futures prices (Sanders et al.,
2009; Gilbert and Pfuderer, 2014; Brunetti and Buyuksahin, 2009). Rather, evidence

2See http://www.cftc.gov/LawRegulation/DoddFrankAct/index.htm for details


http://www.cftc.gov/LawRegulation/DoddFrankAct/index.htm

suggest that returns on a commodity lead position changes for the traders in that par-
ticular commodity. With regards to the special role of commodity index traders (CITs)
Irwin and Sanders (2012) and Irwin (2013) show that changes in index traders’ posi-
tions affect neither commodity futures returns, nor volatility to any significant extent.
Sanders et al. (2010) conclude that long-only index funds may in fact have improved the
adequacy’ of speculation, in terms of reducing hedging costs as discussed above.

Aside from the purely empirical objections to the claims that speculation is fuelling
food price growth, Irwin et al. (2009) and Sanders and Irwin (2010) highlight some
conceptual problems with the Masters Hypothesis. First of all, they note that an increase
in long positions does not equal an increase in demand; for every long position there must
be a short position, which makes long positions every bit as representative of supply as
of demand. Second, they point out that the theories on noise trading are contingent
upon the unpredictability of noise trader behaviour. Considering that index funds roll
their positions in a predictable manner, it seems unlikely that rational speculators would
not exploit the situation if index traders went long in assets above their fundamental
value. They also make several more valid arguments, including that CITs do not take
part in the delivery of the underlying asset, and do not build inventories, which has been
necessary historically in intentional cornering of markets>.

What is tacit in the critique of Irwin et al. (2009) is that the open interests or
positions that can be observed in a particular futures market should be viewed as the
equilibrium outcome of supply and demand in that market. This raises some doubts
about the viability of testing causality between positions and prices, since they do not
measure the speculative demand shocks which might be the the cause of price increases.
There appears to be some confusion in the literature as to whether anything such as
'speculative demand’ could affect futures price. If we accept that speculation reduces
hedging costs, then an increased interest in taking long positions in commodities futures
will have to be viewed as a positive demand shock which moves futures price closer to,
or even above, expected spot price (i.e., it reduces hedging pressure). Expected spot
price should however set an approximate limit to how much trading can affect futures
price, since there has to come a point when it is no longer advantageous to invest
in commodities. The only way in which speculation could drive commodities prices,
beyond affecting the premium paid by hedgers, would be for futures prices to affect spot
prices. For this reason the role of futures markets in price discovery becomes central
in explaining a speculative bubble in food prices. In standard economic theory, there
should be no lead-lag relationship between spot and futures prices; the difference should
only depend upon risk or convenience yield. There are however theories, also supported
by empirical findings, stating that futures prices lead spot prices because of their ability
to react more quickly to new information. This is mainly due to lower transactions
costs and limited shorting restrictions compared to the spot market (Silvapulle and
Moosa, 1999), but the theory of futures prices leading spot prices is however up for
debate. Empirical tests on the oil market by e.g. Bekiros and Diks (2008) finds that the
causal relationship from futures to spot may be overestimated when not investigating
the non-linear relationship.

In summary, there are persuasive arguments supporting the view of the financialisa-
tion of agricultural futures markets as the cause of the food price crisis. The weight of
empirics however, favours the other side of the debate so far.

3 As opposed to the unintentional cornering which Masters and White (2008) accuse CITs of, when
they compare them to the Hunt brothers’ manipulation of the silver market



2.3. Cross-market linkages between agriculture, equity, and crude oil

Rather than studying the drivers of price or volatility, our thesis focuses on the deter-
minants of interdependence between agricultural, equity, and energy markets. Since the
use of commodities futures as an investable asset is motivated by their co-movements, or
rather lack of co-movements, with stocks and bonds there is a growing body of literature
studying cross-market linkages between commodities and other assets.

Bodie and Rosansky (1980) were among the first to study the diversification char-
acteristics of commodities futures. They show that a portfolio of commodities futures
display a low negative correlation with both stocks and bonds for the period 1949-1979,
and also demonstrate that it could be combined with an all-equity portfolio to reduce
variance, without reducing expected return. These findings are confirmed by Gorton
and Rouwenhorst (2006) for the period 1959-2004, who find no correlation for monthly
returns, and a significant negative relationship when considering lower frequencies. They
also show that commodities futures are positively correlated with inflation, presumably
because commodities prices follow, and to some degree actually constitute, the general
price level.* Stocks, in contrast, display a negative correlation with inflation since com-
panies often have commitments in nominal terms which are fixed in the short-run; this
makes stock prices particularly sensitive to unexpected inflation. Unexpected inflation
has also historically been associated with slumps in the real economy, which tend to
be bad for the value of equities.> Gorton and Rouwenhorst (2006) further demonstrate
that the .0lst and .05th quantiles of the return distribution for equity have been ac-
companied by positive returns on commodities futures, which reinforces the view of
commodities as a good choice for diversifying an equity portfolio. Chong and Miffre
(2010) find similar evidence using a DCC-GARCH model for weekly returns between
1981 and 2006. Agricultural commodities display conditional correlation coefficients
with the S&P 500 between -0.022 and 0.073, which in most cases are not significantly
different from zero. Moreover, they find that the interdependence between commodities
and equity is decreasing during their sample period, and that the correlation coefficient
falls during times of high stock market volatility, although this is more salient for other
groups of commodities such as metals; in the case of agriculture these results are less
conclusive. In a more recent study, Silvennoinen and Thorp (2013) consider weekly re-
turns on 24 individual commodities futures and various stock market indices between
1990 and 2009. They employ a smooth-transition DCC approach to take into account
possible structural changes in the relationship between markets, which are conditional
upon a set of transition variables intended to capture latent factors explaining this re-
lationship. In concurrence with previous studies they show that correlations between
agricultural commodities and the S&P 500 were very low in the 1990s. By incorporating
data capturing a greater part of the last decade, they however find that correlations tend
to increase in the 2000s, particularly during states of high stock market uncertainty.

Regarding the link between crude oil and agriculture, there is a more clear cut
relationship with food commodities that can be discerned. Baffes (2007) enumerates
a number of transmission mechanisms which should be active between these markets.
First of all, crude oil acts as an input in the agricultural industry, both in terms of fuel
for production and transportation, as well as via the cost of fertilizers. Secondly, grains
and oilseeds enter into the production of ethanol and biodiesel respectively, which are
both substitutes for crude oil. Both these links predict a positive relationship between
food and crude oil. Using annual price data on 35 commodities between 1960 and 2005

4The sensitivity of commodity futures price to inflation is however up for debate, see for example
Erb and Harvey (2006)
®See Fama (1981) for further discussion on the relationship between stock returns and inflation.



Baffes (2007) finds that 'pass-through’® from crude oil to agriculture is 0.18. Baffes
(2010) re-evaluates these findings with data from 1960-2008 and finds that pass-through
has increased to 0.28, which indicates that the interconnectedness of energy and food
markets post-2005 has become stronger, and that models allowing for time-varying pa-
rameters might be more appropriate when modelling their relationship. Harri et al.
(2009) study the co-integrating relationship between monthly futures price for crude
oil, corn, soybeans, soybean oil, cotton, and wheat for the period 2000-2008. They also
include a trade weighted U.S. dollar index to capture the effect of exchange rates, since
this ought to play an important role in the foreign demand for U.S. traded commodi-
ties. They find no conclusive evidence of cointegration except in the case of corn, oil
and exchange rates, where crude oil is shown to be a unidirectional Granger-cause of
the other variables. Through sub-sampling analysis they determine that the relation-
ship between oil and corn has strengthened post-2006, which is attributed to increasing
ethanol production. Their results also indicate that exchange rates play an important
role in commodity price relations. Nazlioglu et al. (2013) focus instead on the trans-
mission of volatility shocks between energy and agriculture, adopting the frameworks of
causality in variance and impulse response. Using daily data on spot prices for crude
oil, corn, soybeans, wheat, and sugar between 1986 and 2011 they show that crude oil
volatility has a significant spillover effect on the volatility in corn and soybean prices,
which manifest first after 2006.

Of particular interests to the purpose of our thesis are studies which focus on the role
of institutional investors in forging cross-market linkages. An early study of the financial
integration of commodity markets is carried out by Pindyck and Rotemberg (1990),
where commodity returns are found to display excess co-movement, that is co-movement
beyond what can be explained by common macroeconomic shocks. They hypothesise
that excess co-movement could be explained by traders in commodity markets reacting
in tandem to non-fundamentals, or by the presence of liquidity constrains which could
serve as a transmission mechanism; i.e. speculators long in several markets are hit by
a price fall in one market and spread it to another when they liquidate their positions
across markets.

The first hypothesised explanation of Pindyck and Rotemberg (1990) is closely re-
lated to the concept of positive feedback strategies discussed by De Long et al. (1990a).
The behaviour to which it refers is often described as herding. The latter relates to
the problem described by Domanski and Heath (2007) in terms of non-robust market
liquidity. This transmission mechanism is given a theoretical foundation in Kyle and
Xiong (2001) where liquidation of positions due to losses incurred by traders leads to
a contagion effect with spillovers in volatility, and increased correlation between asset
returns. In turn both herding and contagion are closely related concepts. The former
insinuates that traders follow the ’herd’ rather than trade on information relating to
fundamentals; contagion is the case of cross-market tandem reactions, and pushing the
sheep analogy just a little bit further flocking may sometimes be used to distinguish the
phenomenon when traders within a sub-group mimic each other (see Weiner (2006) for
a more detailed discussion on the differences between herding, flocking and contagion).

There are a number of recent empirical studies investigating the presence of herd-
ing behaviour in commodity markets. These include e.g. Steen and Gjolberg (2013),
Demirer et al. (2015), and Philippas (2014), showing that commodities traders might
be subject to herding behaviour. While this informs us that there could be instances
of tandem reactions by traders, their findings do not tell us which role commodity in-

5In other words the coefficient from a simple OLS regression, which should be interpretable roughly
in terms of an elasticity.



dex traders or other speculators play in the transmission of shocks from one market
to another. Another recent, and more promising branch of the literature, considers
instead the role of institutional investors in forging cross-market linkages. Tang and
Xiong (2012) use rolling one year (unconditional) correlations to show that the interde-
pendence of daily crude oil returns and returns on other non-energy commodities have
been increasing during the 21st century. They find that this is particularly true for
commodities futures included in two major indices: the S&P GSCI and the DJ-UBSCI.
This would indicate that the presence of commodity index traders is creating a link
between previously uncorrelated commodities.

Biiyiiksahin and Robe (2014) focus instead on the correlation between commodity
index and equity index returns. Within the DCC-GARCH framework they estimate the
conditional correlations from 1991 to 2010 between equities and commodities, both with
daily and weekly frequency. They find that correlations are low for most of the sample
but increase in the fall of 2008 in connection to the global financial crisis. Addition-
ally, by regressing the DCC in an ARDL-model on macroeconomic fundamentals and
detailed, non-public data on traders’ positions from the Commodity Futures Trading
Commission (CFTC), they are able to show that the interdependence of equity and
commodity markets increases with the share of hedge fund activity in futures trading.
Contrary to the findings of of Tang and Xiong (2012) the share of swap dealers’ posi-
tions, intended to capture passive speculation, are not found to significantly explain the
DCC. Furthermore they demonstrate that correlations increase with financial market
uncertainty (as measured by the TED-spread), which is consistent with the findings of
Silvennoinen and Thorp (2013). Interestingly, they also show that an interaction term
between financial market uncertainty and hedge fund activity has a negative effect on
the DCC, which would mean that speculation does not act as a transmission mechanism
for contagion.

In a similar study, Girardi (2015) recently investigates the driving role of macroe-
conommic and financial variables on the dynamic conditional correlation between 16
individual agricultural commodities futures and the S&P 500. Using the same ARDL
approach as Biiyiiksahin and Robe (2014) he finds that commodity equity-correlations
increase with the TED-spread for the period 2006-2013. In contrast, his results indi-
cate that financial market unrest in interaction with the open interest share of active
speculators leads to higher interdependence between markets. The effect seems to vary
between markets and is particularly strong for soybeans, sugar, and wheat. The share
of commodity index traders is also found to interact with the TED-spread, and has an
especially strong impact in the market for cocoa.

Summing up, the concepts of herding and contagion, together with the noise trader
approach to finance discussed in the previous subsection, form a solid theoretical founda-
tion for the hypothesis that financial markets are prone to booms and slumps created by
investor behaviour rather than changes in fundamentals; one is therefore given to wonder
if the financialisation of food commodities could entail the same thing for agricultural
futures markets. Past studies have concluded that returns on stocks and agricultural
commodities are more or less uncorrelated, which has been attributed in part to differing
sensitivity to inflation. It is however clear from the findings of more recent research, that
market interdependence between food and equity is significantly higher when taking into
account data after 2006. Several studies indicate that equity market integration can be
explained by financial market unrest, but the literature is less unanimous on the role
of speculation in the food-equity nexus. In the case of crude oil there is also evidence
of stronger linkages with agricultural markets post-2006. This has been explained by
increasing biofuel and biodiesel production, but also commodity index investment.



3. DATA

3.1. Data selection

In order to measure the degree of speculation in commodity futures markets we make
use of publicly available Commodity Futures Trading Commission (CFTC) data on
trader categories and positions. Regulation requires traders exceeding a certain number
of interests in a futures market to report their positions to the CFTC. As of 1992-09-
30 aggregate position data are made publicly available on a weekly basis in the full
Commitments of Traders (COT) reports. At this start date the report comprises 63
different futures contracts, 16 of which are contracts on food commodities still active
at the end of 2014. The report for a single commodity and date is a snapshot of
the open interests for all contract maturities on that particular commodity combined,
where open interests refers to all contracts that have not yet been closed by delivery.
A summary of these contracts is presented in Table 3.1. The reader can see that our
data capture all major exchange traded food commodities in the U.S. including grains,
oilseeds, livestock, and softs traded on the Chicago Mercantile Exchange (CME), the
Chicago Board of Trade (CBT), the Intercontinental Exchange (ICE), and the Minnesota
Grain Exchange (MGE). In addition to the full Commitments of Traders report we also
consider the more detailed data contained in the disaggregate COT report and the
Commodity Index Trader (CIT) supplement, available from 2006-06-13 and 2006-01-03
respectively.

For the purpose of quantifying the cross-market linkages between food commodities
markets and financial markets we collect daily futures price data from Datastream on
the same 16 contracts, for the period 1991-10-01 to 2014-12-307. We use continuous fu-
tures prices® since there is no single futures price for a particular date. There are several
contracts on the same commodity, but with different delivery months being traded si-
multaneously, at different prices. The return on continuous price series are equivalent to
the returns earned by taking long positions in the contract nearest to expiration, closing
them when the contract month begins and taking new positions in the new nearby con-
tract.? This is also the way in which the S&P GSCI is constructed which makes our data
representative of what portfolio managers would earn by investing in commodities. We
use futures rather than spot prices since futures markets are more appealing to investors,
and because of their price discovery function discussed in Section 2. To capture price
volatility we make use of the generalized autoregressive conditional heteroscedasticity
(GARCH) methodology (explained further in Section 4).

Regarding our choice to work with U.S. data, we hold that U.S. agricultural markets
are of such importance to world markets that results are likely to be generalizable!”.
Furthermore we are not aware of any other government agencies or organisations pro-
viding the same quality of data, and the overwhelming majority of previous studies on
this particular topic focuses on U.S. traded commodities. Following the herd will thus
increase the comparability of our findings with those of earlier research.

Unfortunately we observe a few inadequacies in the price data, forcing us to perform

"The extra year is necessary for the construction of one of our measures of market integration, which
will be explained in the next section.

8This represents the futures price on the nearest contract month, rolled forward to the next contract
in line when the first business day of the currently tracked contract month is reached.

9For further details see http://extranet.datastream.com/data/Futures/Documents/Datastreamy,
20Product’%20Futures’20Continuous%20Series.pdf. All futures prices are classified according to trad-
ing cycle code 'CS’; ’0’ positions forward and roll type '0’.

%Tn addition to being a major food producer, see for example USDA (2015), the United States is also
home to the largest futures exchange in the world.
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Table 3.1: Futures contracts specifications

Class Exchange Contract size Unit
COCOA Softs ICE 10 metric tons
COFFEE Softs ICE 37500 pounds
CORN Grains & Oilseeds CBT 5000 bushels
FEEDER CATTLE Livestock CME 50000 pounds
LEAN HOGS Livestock CME 40000 pounds
LIVE CATTLE Livestock CME 40000 pounds
OATS Grains & Oilseeds CBT 5000 bushels
ORANGE JUICE Softs ICE 15000 pounds
RICE Grains & Oilseeds CBT 2000 hundredweights
SOYBEAN MEAL Grains & Oilseeds CBT 100 short tons
SOYBEAN OIL Grains & Oilseeds CBT 60000 pounds
SOYBEANS Grains & Oilseeds CBT 5000 bushels
SUGAR Softs ICE 112000 pounds
WHEAT HRS Grains & Oilseeds MGE 5000 bushels
WHEAT HRW Grains & Oilseeds CBT 5000 bushels
WHEAT SRW Grains & Oilseeds CBT 5000 bushels

Notes: Table presents contract specifications and the classification of different commodities. ICE
represents Intercontinental Exchange, CBT the Chicago Board of Trade, CME the Chicago Mercantile
Exchange, and MGE the Minnesota Grain Exchange. Information is compiled from the CME Group
(http://wuw.cmegroup.com/trading/agricultural/), ICE (https://www.theice.com/products) and
MGE (http://www.mgex.com/contract_specs.html).

a slight reduction of the material used in our analysis. Soybean oil and sugar are
not recorded with a daily frequency, which means that they will be difficult to model
together with the other commodities. Furthermore, some groups of commodities are,
not entirely unexpectedly, highly correlated with each other thus essentially carrying the
same information. For these reasons soybean oil, sugar, feeder cattle, soybean meal, hard
red spring wheat, and hard red winter wheat are excluded from further analysis. This
still leaves us with ten different agricultural commodities, spanning all major subclasses
including grains, oilseeds, livestock, and softs. Data on soybeans, live cattle and soft
red winter wheat are kept since these markets have the highest notional values in their
respective ’commodity groups’. The interested reader may confirm the above claims by
consulting Figure A.1, Table A.6, and Figure A.2 in Appendix A.

Following the bulk of the literature in empirical finance the S&P 500 index is selected
to represent the movements of equity markets, whilst continuous futures price on New
York Mercantile Exchange (NYMEX) traded West Texas Intermediate (WTI) sweet
light crude oil is picked as representative of crude oil prices. Both series are collected
from Datastream International.

To model the long-run relationship of market integration and speculation, we follow
previous research by including a number macroeconomic control variables which could
also help explain the strength of cross-market linkages. We collect the trade weighted
dollar index against major currencies (DOLLAR), the annual three month treasury bill
rate (T-BILL), and U.S. twelve month inflation (INFL) from Federal Reserve Economic
Data (FRED). The literature indicates that inflation plays an important role in past low
correlations of commodities and equity, and there is also reason to believe that exchange
rates matter more to agricultural prices, than to the prices of crude oil or equity. T-
bills are included to investigate whether interest rates could, in a similar manner, affect
agriculture, energy, and equity differently. Data on the CBOE volatility index (VIX) is
collected from Datastream International, as a proxy for stock market uncertainty, since
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previous research has identified financial market unrest as an important determinant of
cross-market linkages. All series except U.S. inflation are reported with a daily frequency,
and can easily be combined with the weekly COT data. We interpolate missing values for
inflation using non-linear cubic spline!'. These data will only be used in the cointegration
analysis, and are therefore not described in detail.

3.2. Prices, returns and volatilities

A graphical representation of all price data is rendered in Figure 3.1. Several of our
price series demonstrate a similar development under the considered time period, with a
distinguished boom—bust behaviour in 2006—2008, another peak in 2011-2012, and a less
prominent boom and slump in the late nineties. This general description of price pattern
fits best with grains and oilseeds, but also orange juice. The other softs did not display
any extreme price movements during the food price crisis, but prices did fall sharply for
both cocoa and coffee in the first half of 2011, with a particularly salient peak in coffee
prices. Regarding livestock prices we are not able to observe any distinguished price
movements which could be construed as an effect of commodity market financialisation.
One of the most notable price fluctuation in our sample is found in wheat, where the
futures price increased by almost three times in less then a year from $4.28/bushel in
April 2007 to $12.82/bushel in March 2008 followed by a fall to just over $5/bushel in
February 2009.

There are some similarities between the equity market and the commodities market
which are worth highlighting. The general price increase in equity, beginning in mid-
2004 when the market started to recuperate from the ’dot-com bubble’, is shared to
some degree with all commodities. The ensuing crash in June 2008, prior to the collapse
of the Lehman Brothers, also coincides with major price declines in crude oil, grains,
oilseeds and orange juice. The recovery of the equity market has however been stable,
and the S&P 500 reached an all time high in 2015. In contrast, commodity markets have
exhibited major price fluctuations and appear to have become more volatile post-crisis,
at least in the cases of grains and oil seeds.

Since price data are non-stationary (see Table A.7 for confirmation), we calculate
the logarithmic return of each asset as r; = In P, — In P;_1. Descriptive statistics for
the return series are presented in Table 3.2, where the mean and standard deviation
are expressed as annualized values. Naturally, because of the benefits of diversification,
the S&P 500 exhibits a higher return (6.98%) — risk (18.29%) ratio in comparison to
the individual commodities, where all exhibit a lower average return spanning between
0.59% (orange juice) and 3.42% (cocoa) and annual standard deviation within the span
of 24-36%"2.

None of the series demonstrate either extreme positive or negative skewness, i.e. a
tilt towards gains or losses, while all of them indicate high positive kurtosis (ranging
from 6.090 for cocoa and 37.494 for lean hogs) translating to fat tails of the return
distributions. This implies a higher probability of extreme gains or losses relative to
mean return than predicted by a normal distribution, but also a higher concentration
of returns at the mean. Consequently, it is not surprising that we may reject the null-
hypothesis of a normal distribution according to the Jarque-Bera test for all series in
our sample. The Q, Q? and ARCH statistics give an initial indication of that we will
have to account for autoregressive behaviour when modelling both return and volatility.

"The original frequency is monthly. Cubic spline is also used by Biiyiiksahin and Robe (2014) to
generate a weekly series of inflation
12With the exception of live cattle which only has a standard deviation of 16%.
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Notes: Figure plots the continuous futures price of ten food commodities and crude oil, as well as the
S&P500 index from 1991-10-01 to 2014-12-30. Prices are expressed in nominal US$. See Table 3.1 for
information on price units.

Figure 3.1: Prices

The Augumented Dickey-Fuller test statistics for the return series confirm that we may
consider all return series to be stationary. By studying the graphical representation of
returns in Figure 3.2 we clearly see that they display patterns of clustered volatility'?,
further motivating models controlling for heteroskedastic behaviour when studying mar-
ket integration. The high excess kurtosis and time-varying volatility follows the general
characteristics of commodity price data described by Myers (1992).

The conditional volatility of our series found in Figure 3.3 confirms this picture. Ex-
cept the fact that volatility is clearly not homoskedastic, the reader should pay attention
to a few details. Crude oil and equity display a similar volatility pattern with a peak
around the global financial crisis, in contrast to the behaviour of grains and oilseeds
which is not explained by a ’burst’ in volatility, but rather a positive trend over the
sample period. This is perhaps most pronounced post-2004 in wheat and corn. A minor
peak during the crisis is however discernible in all commodities.

Unconditional correlations between return series of equity, crude oil and commodities
are presented in Table 3.3. All correlations are found to be positive. The correlation
between equity market and commodities (oil excluded) is low; ranging between 0.04
(lean hogs) and 0.11 (soybeans), supporting theories of commodities being a separate
asset class with portfolio diversification benefits. Low correlations are also found be-
tween crude oil and individual commodities. The highest correlations are found between
the major grain commodities, where corn correlates relatively highly with oats (0.51),
soybeans (0.59) and wheat (0.58).

13 Although less pronounced in some cases such as rice and lean hogs.
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Figure 3.2: Logarithmic returns
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Figure 3.3: Conditional volatilities
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Table 3.3: Correlations between logarithmic returns

m @ B @ 6 . O @ (@ @) a1y (12

S&P500 (1) 1.00

CRUDE OIL (2) 0.14 1.00

COCOA (3) 0.07 0.10 1.00

COFFEE (4) 0.07 0.07 0.16 1.00

CORN (5) 010 0.17 0.11 0.14 1.00

LEAN HOGS (6) 0.04 004 001 002 006 1.00

LIVE CATTLE (7)  0.08 0.08 0.5 0.04 009 005 1.00

OATS (8) 0.06 010 0.10 009 051" 005 0.04 1.00

ORANGE JUICE (9) 0.05 0.06 0.05 0.06 007 0.02 004 0.04 1.00
RICE (10) 0.08 0.07 006 007 023 002 002 017 0.02 1.00
SOYBEANS (11) 011 018 012 011 059" 008 006 040 0.05 0.25 1.00

WHEAT SRW (12) 0.10 0.15 0.09 013 058" 004 009 039 004 020 041 1.00
Notes: Table presents the correlation coefficients between logarithmic returns for the period 1991-10-02
to 2014-12-30. ’t’ is used to highlight correlations exceeding 0.5.

3.3. The Commitments of Traders reports

To construct measures of speculation we collect weekly data on three separate re-
ports from the Commodity Futures Trading Commission (CFTC). The Commitments
of Traders (COT) report is collected over the period 1992-09-30 to 2014-12-30 for all in-
dividual commodities, while the disaggregate report and the Commodity Index Traders
(CIT) supplement are collected over the periods 2006-06-13 to 2014-12-3 and 2006-01-03
to 2014-12-30 respectively, based on data availability. All three reports will be discussed
in detail below.

The Commitments of Traders (COT) reports distinguish between two main cat-
egories of interests; reportable interests which are those held by traders required to
report their activity, and non-reportable interests which are calculated from the dif-
ference between open and reportable interests. These categories may also be referred
to as large and small trader’s interests. Reportable interests are further presented in
several sub-categories; commercial interests are those held by any trader who fulfils the
requirements for bona fide hedging laid out in the Code of Federal Regulations (CFR).
In essence, a trader may be classified as commercial if its futures positions are used to
hedge price risk incurred through commercial operations in cash or spot markets for
the commodity in question. Any trading not meeting the requirements is classified as
non-commercial. These categories are more commonly referred to as hedgers and spec-
ulators. Interests are further split into long and short positions, as well as spreading,
which measure the number of short positions held by a non-commercial trader that are
offset by long positions entered into by the same trader'. The relationship between all
positions and categories in the full COT reports is clarified in Equation 3.1

[SL+ SS +2(SX)] + [HL + HS]+ [NRPL + NRPS] = 2(OPEN) (3.1)

Reportable Non-Reportable

where SL(SS) is the long(short) positions of speculators, SX is spreading, HL(HS)
is the long(short) position of hedgers, NRPL(NRPS) is non-reportable long(short)
positions and OPFEN is total open interests. Open interests gives an idea about the
size of a market. By combining our daily price data and information on contract sizes
we get the approximate'® notional value of each market, presented in Figure 3.4. This

4 These interest are effectively closed, or ”flat”, but are still reported as a part of open interests. In
contrast commercial offsetting interest show up on both the long and short side
5For real notional value one has to consider different price on different settlement days.

16



reveals that soybeans is the largest market in our sample, reaching close to a value of
$70 billion at its peak.'® Corn, wheat, and live cattle are also among our high value
markets, while oats, rice, and orange juice are found to be of less financial significance.

Overall, it is evident that the importance of agricultural futures markets started to grow
after 2004.
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Figure 3.4: Approximate notional value of food commodity futures markets

The Commitments of Traders reports have had to withstand some criticism through
the years. Except problems relating to non-reportable traders, due to e.g. misreporting
(see Peck, 1982), this has mainly been because of the difficulty of defining what does,
and what does not constitute speculation. Although an exciting philosophical ques-
tion indeed, we feel that it is better left undiscussed, and refer the interested reader to
Working (1960). In connection to the food price crisis there where however some debate
regarding the decreasing accuracy of trader classifications, which is highly relevant to
our study. Because of the hedging exemption granted to swap dealers, trading which we
would like to describe as speculation is now increasingly classified as commercial. See
CFTC (2006b,a, 2008). In response to this critique, the Commodity Futures Trading
Commission (CFTC) introduced a more detailed classification scheme for the Commit-
ments of Traders data. Data are presented in two separate reports; the disaggregate
report, splitting reporting interests into producers, managed money, and swap dealers.
The second report is the commodity index trader (CIT) supplement, separating out
CITs from both the commercial and non-commercial categories. These two separate
classification procedures began in 2008 and positions were retroactively classified back
to 2006-01-03 for the CIT supplement and 2006-06-13 for the disaggregate report. The

18Observe that notional value (even when it’s exact and not approximate) does not equal the amount
of capital allocated to a market. A 10% margin for each position holder would result in about $14 billion
actually ’invested’ in soybeans.
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relation between positions and open interests among different traders in the disaggregate
report is as follows

[PL+ PS]+ [SWL + SWS +2(SWX)]+[MML + MMS + 2(MMX)]

Proalflcers Swap Dealers Money Managers
+[OTL + OTS + 2(0TX)] + [NRPL + NRPS] = 2(OPEN) (3.2)
Other Reportable Non-Reportable

where L(S) represents long(short) positions for each category, and X represents spread-
ing. Producers are defined as those involved in the production, use or other handling
of the physical commodity, swap dealers describes the category of traders that we have
discussed previously, and money managers captures the trading of investors, such as
hedge funds, who seek exposure to commodities directly via the futures market. '7. The
disaggregate report contains data on eight out of the ten commodities used in our study.
The ones excluded are oats and rice.

The Commodity Index Traders (CIT) supplement is decomposed according to Equa-
tion 3.3.

[SL+SS+2(SX)] + [HL+HS] +|[CITL+ CITS]
N————

Non-Commercial excl. CITs  Commercial excl. CITs CITs

+ [NRPL + NRPS] = 2(OPEN) (3.3)

Non-Reportable

The CIT supplement covers data for all commodities in our study except oats, orange
juice and rice. The report captures trading which has the purpose of replicating some
commodity index, and covers both the trading of swap dealers and managed money. It
is probably a better indication than SW of the passive trading that Masters and White
(2008) blame for the food price crisis, since "real” hedging could occur via swap dealers
as well.!®

3.4. Measuring speculation

Using data collected from the three reports we construct five different measures of spec-
ulation. The first measure used is open interests (OPEN), defined in Equation 3.1.
Open interests does not measure speculation per se, but it helps explore how the size of
commodity markets influence their integration with equity markets'.

The growth in open interests, presented in Figure 3.5, has been similar across mar-
kets. Until around 2005 the number of open interests was relatively small in the majority

"The full category name for producers is ”producer /merchant/processor/user”.  Our descrip-
tion is somewhat of a simplification and interpretation of what the different categories measure;
we refer the reader to the CFTC for further details. See http://www.cftc.gov/MarketReports/
CommitmentsofTraders/DisaggregatedExplanatoryNotes/index.htm

18 Another difference with the CIT supplement is that it also accounts for options trading in the data
on open interests and positions. Options positions are calculated into futures-equivalents by multiplying
the underlying number of contracts with the option’s delta, which are then added to the number of
futures positions. For instance, a long put option on 100 contracts with a delta of 0.6 is considered
equivalent to 60 short futures positions. For further details see http://www.cftc.gov/MarketReports/
CommitmentsofTraders/ExplanatoryNotes/index.htm

19Notional value may be a better way of comparing the size between markets, but it also incorporates
the evolution of price which makes it inappropriate for our analysis.
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of the commodity markets. After this we observe a sharp rising trend, which is most
salient for wheat. Open interests rose from less than 200 thousand at the beginning of
2005 to over 500 thousand in June 2006. Five markets have continued their growth dur-
ing the last couple of years (cocoa, coffee, corn, lean hogs and soybeans), while the rest
have either stabilised on a higher level (corn, live cattle and wheat) or declined (oats and
orange juice). Oats and orange juice are distinguishable from the other commodities,
since their open interests have not grown compared to the start of our sample period.
Notice also that there was a peak in open interest for most markets which coincides
with the peak of prices. They thus capture the decrease in liquidity which resulted from
financial trades simultaneously closing their positions.
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Notes: Figure plots thousands of open interests (OPEN) between 1992-09-30 and 2014-12-30. OPEN
is defined in Equation 3.1, Equation 3.2 and Equation 3.3.

Figure 3.5: Open interests (OPEN)

Secondly, we use the total speculative component of the COT reports to measure
the effect that non-hedging activity could have on market integration. Since this also
captures open interest growth, we instead consider total speculation as a ratio of open
interests (TSR). This is defined as

(SL+SS)/24+SX
OPEN
which captures the large trader non-commercial component of open interests. A similar
definition of total speculation is used in Manera et al. (2014). The difference is that
we also include spreading since we believe that it will be a better indication of total
speculative activity. The total speculation ratio (TSR) is presented in Figure 3.6. We
notice that most commodities display an almost linear trend during our sample period.
As TSR is expressed as a ratio of open interests, it indicates that speculation has experi-
ences a stronger growth than hedging, and now constitutes around 40% of the market in
many cases. The exceptions are lean hogs, oats and orange juice, which do not exhibit

TSR = (3.4)
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the same radical change in market structure. Overall, TSR provides strong empirical
evidence of commodity market financialisation in the last two decades.
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Figure 3.6: Total speculation ratio (TSR)

It has long been asserted that the extent of speculation cannot be understood apart
from the amount of hedging going on in a market?’. One of the most commonly used
relative measures of speculation is Working (1960)’s T-index (see for example Manera
et al., 2014; Biiyiiksahin and Robe, 2014; Sanders et al., 2010). Working’s T (WT)
captures the extent of speculation in excess of what is required to meet hedging demand,
and is defined as

SS
14— 22 if HS>HL
WT = HSSJFLHL (3.5)

It is customary to split non-reportable interest between either hedging or speculation
before calculating Working’s T. We follow a 'neutral’ approach where we classify 50%
of the non-reportable traders as speculators and the remaining 50% as hedgers. This
method is used by Manera et al. (2014) who also demonstrate that there is no significant
alteration in the index between different classification schemes of the non-reportable
traders. An index value of e.g. 1.2 can be interpreted as there being 20% speculation
in excess of what is necessary to offset long or short hedging (whichever is largest).
However, as discussed previously, some degree of excess speculation might be necessary
for well functioning futures markets.

20Consider Keynes (1930)’s theory of hedging pressure.
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Excess speculation is presented in Figure 3.7, and does not show the same signs of
growth as our two previously discussed measures. For extended periods, most series
appear to be almost stationary around their mean, but a few facts can be observed.
FExcess speculation in lean hogs decreased during the 1990s and stabilised around a
much lower mean in 2000. For rice there was an extreme peak at around 1.8 in 2005.
Finally, many commodities seem to have experienced an increase in excess speculation
in the last five years.
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Figure 3.7: Working’s T index (WT)

Since the quality of the old COT report classification procedure has decreased over
time, we use the more detailed data available from 2006 to construct two additional
measures. Commodity index trading has been identified as one of the causes of the food
price crisis. Research also indicate that the inclusion of commodities in indices could

induce higher co-movements. We therefore calculate the commodity index trader ratio
(CITR) as

(CITL +CITS)/2
OPEN
which helps us determine if the market share of passive speculators matters for cross-
market linkages. CITR is presented in Figure 3.8. We find that the market share of
CITs varies between 10% and 28% over the entire sample. We are not able to observe
any particular growth since 2006, rather, the share of CITs has decreased in the last five
years in the markets for lean hogs, live cattle, soybeans, and wheat.

We also consider the money manager ratio (MMR), defined as

CITR =

(3.6)

(MML + MMS)/2 + MMX

MME = OPEN

(3.7)
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Figure 3.8: Commodity index traders ratio (CITR)

which is intended to capture active speculation. It does however include the non-
commercial component of CITs as noted above, but should still be able to provide
some additional insight into the roles of different kinds of speculation. The money man-
ager ratio (MMR), presented in Figure 3.9, is quite similar across most commodities.
The ratio of coffee, corn, soybeans and wheat started to increase around 2011, with a
sharp decline in 2014.
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Figure 3.9: Money managers ratio (MMR)

4. METHODS

4.1. Methodological discussion

Previous sections have demonstrated that a substantial financialisation of commodities
futures markets has taken place in the last decade or so. The fact that this development
coincides with extreme price movements in important food commodities lends prima
facie support to the hypothesis that speculation is destabilizing and harmful to third
world food security, but so far no research in empirical finance has been able to produce
any compelling evidence of speculation actually predicting price movements or price
volatility in agricultural commodities.

We have discussed that it may problematic to capture the effects of speculative
demand on commodity prices, at least using CFTC position data. Rather, we argue, it
will be more fruitful viewing speculative positions as a measure of the presence of certain
types of investors in the market. We believe that the strain of the literature focusing
on the commodities market’s co-movements with financial markets provides a promising
framework of analysis through which to further investigate the role of speculation in
commodities futures markets. If there is evidence of stronger cross-market linkages we
might also be able to connect this to the activity of certain traders.

Regarding our choice of ecnonometric methods, we consider two distinct ways of cap-
turing the strength of cross-market linkages. One is the dynamic conditional correlation
(DCC) GARCH approach of Engle (2002), which is also employed by Biiyiiksahin and
Robe (2014) and Girardi (2015) in their studies on commodity-equity co-movements.
Forbes and Rigobon (2002) argue that market interdependence measures based on cor-
relation coefficients will be biased upwards by the presence of heteroskedasticity, which
is why GARCH-modelling is a more appropriate method than the rolling correlations
calculated in Tang and Xiong (2012).

The second is the spillover index proposed by Diebold and Yilmaz (2009, 2012). This
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method is appealing due to its relative simplicity?!, and the fact that it allows for multi-
variate modelling which is still not feasible in practice using DCC. Furthermore, spillover
captures the forecasting ability of one asset on another, and is therefore conceptually
different from correlations which only measure co-movements. To take into account the
problem of heteroskedasticity we can simply run each return series through a univariate
GARCH-filter. Use of both the spillover index and the DCC increases the robustness
of our results, and allows for greater comparison with previous research. The spillover
index also allows us to study the interdependence of markets in terms of volatility.

Apart from these two approaches, the methods of Copulas and multivariate Markov
switching models are also relatively well-established in the literature for capturing time-
varying interdependence. These are however even more computationally advanced, to
say the least, and go beyond the scope of this thesis. See Chevallier and Ielpo (2013)
for a brief review of all four approaches.

The long-run relationship between market integration and speculation, together with
a set, of macroeconomic control variables, is investigated through the bounds testing pro-
cedure of Pesaran et al. (2001). The advantage of this method is that it accommodates
the presence of both stationary and non-stationary processes in levels, when testing for
cointegration, compared with the more commonly used approaches of Johansen (1991)
or Engle and Granger (1987). We find it reasonable to test for a long-run relationship
since theory suggests that the level of e.g. inflation and speculation, could matter for
the level of market interdependence.

In our analysis of short-run causality we choose to test only for the bivariate case of
market integration and speculation, since this is the main focus of our study. For this
purpose we use the standard Granger (1969) non-causality test. A more sophisticated
approach, in line with our long-run analysis, would have been the method proposed by
Toda and Yamamoto (1995). We however reason that it is more intuitively correct to
consider change in one variable as the cause of change in another. Given that the first
difference of all variables can be shown to be stationary, standard Granger-causality is
perfectly adequate.

4.2. Capturing cross-market linkages

4.2.1. The spillover index

The spillover index introduced by Diebold and Yilmaz (2009) is based on forecast er-
ror variance decompositions (FEVD) from a multivariate vector autoregressive (VAR)
model. The idea behind the index is to measure to what extent exogenous shocks to
one market spill over into another. We explain the methodology surrounding VARs and
the measurement of spillovers drawing heavily from Pesaran and Shin (1998), but also
Pfaff (2008) and Diebold and Yilmaz (2012). Our presentation deviates slightly from
the previous literature in that we use the impulse response function (IRF) rather than
the FEVD as a starting point.

To begin with it is necessary to make clear the characteristics of the underlying VAR
model. Let x; be an (IV x 1) vector of N returns or volatilities at time ¢, referred to as
the assets or the markets. We model x; as a VAR(P)

P
Xt = Z (H)pxtfp + q)dt + &¢ (41)
p=1

21For those of us who are not experts in computational statistics, an approach which does not depend
upon the choice of one arcane algorithm over another is more easily evaluated.
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where P is the lag-length, ©, and ® are (N x N) and (N x D) coefficient matrices,
d; is a (D x 1) vector of D deterministic variables and &; is an (/N x 1) error vector
at time t accompanied by the the following assumptions: FE(g;) = 0, E(ee;) = 2
and E(z—:te;ﬂ») = Ovxny for j # 0, with ¥ denoting the (N x N) error covariance
matrix?? where o, makes up the element of the n'” row and m! column, i.e. the
covariance of asset n and asset m. These assumptions could more simply be summarized
as g, ~ IID(0,%). Under these assumptions, Equation 4.1 has an infinite moving
average (MA) representation®

o0 (o]
X = ; A + ; Gidi—; (4.2)

where G; = A;® and A; is calculated recursively as A; = 25:1 OpAi_p with Ag =1
and A; being the zero-matrix for i < 0. Equation 4.1 and Equation 4.2 can be used to
generate forecasts of x; which are useful in the analysis of the interdependence of the
markets included in the system. Let x;;41i—1 = E(X¢1|€2-1) denote an h-step ahead
forecast where €2;_1 represents the cumulative history of all markets up to time t — 1.24
Using the chain-rule of forecasting, predictions are computed as

P

Xithlt—1 = Z OpXtth—plt—1 T Pdiss (4.3)
p=1
where x; ;1 = X4 for j < 0. By solving Equation 4.3%% and substituting Equation 4.2
into the resulting equation we get the MA representation of an h-step ahead forecast

[e.e] [e.e]
Xernj—1 = D Apngri + Y Gidpyn; (4.4)
i=0 i=0
To find out how one market affects another we make use of the VAR system’s impulse
response function (IRF). Following Pesaran and Shin (1998) we define the IRF (¢) as

Y(h, 0, Q1) = E(X¢qnles = 6, Q1) — E(Xpqn|Q-1) (4.5)

where 0 is an (N x 1) vector of shocks hitting all markets at time ¢. Although not
exactly straightforward, it should be easy to grasp the intuition behind the function.
The impulse response is the difference in the forecast of x;45 at time ¢ — 1 between a
scenario where the shocks are known for time ¢, and one when they are not. As such
it describes the predicted effect of a shock compared to the null scenario. Applying
Equation 4.4 to both scenarios and calculating the difference we arrive at

¥(h, 8, 1) = Apd (4.6)

The major hurdle to overcome is how to derive the ceteris paribus response for
a shock to a single market, considering that all variables depend upon the errors in
all other variables. The standard approach since Sims (1980) is to orthogonalize the

223 = 2 where & is the (N x T) residual matrix from the estimated VAR(P)-model, T is the
sample size and K = PN + D is the number of parameters in the model

23Wold decomposition of a VAR(P) more precisely requires x; to be covariance stationary

24There is some disagreement in the literature concerning notation. Many authors prefer to forecast
based on information available at time ¢ which is the more intuitively sound approach. As will be evident
however, it is more practical to treat the error at time ¢ as stochastic when we wish to analyse the effects
of shocks at time t.

25This is easily done by hand for a VAR(1), not so for higher lag-lengths.
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shocks to the system through Cholesky decomposition, resulting in a recursive shock
structure. This is less than optimal for the application we have in mind as we wish to
explore the direction of spillovers without making any strong prior assumptions about
the causal relationship between markets. Using Cholesky the results vary considerably
depending on variable order, as demonstrated in e.g. Kléfner and Wagner (2014). The
issue is addressed in Diebold and Yilmaz (2012) where the generalized impulse response
framework of Pesaran and Shin (1998) and Koop et al. (1996) is utilized to make the
spillover index invariant to variable ordering.

Instead of imposing a recursive shock structure the generalized impulse response
framework assumes a known distribution for the shocks. In the simplest case the errors
are assumed to be multivariate Gaussian, &, ~ N(0,Y), which in our opinion is not a
particularly big leap from the assumptions already made. Given this information it is
possible to derive the effect of a single shock to the m* market (8,,). The conditional
expectation of the error vector at time ¢ upon ey, s = 6y, is

Eetlems = 0m) = (™6, Oy ey N5,0) = Semor L 6,20 (4.7)
Omm Omm

where e, is an (N x 1) selection vector which is the zero-vector with the m!* element

replaced by a 1. Setting the size of d,, to \/o,,,, (one standard deviation) and defining

the response in only the n' asset in x;,4, for a one standard deviation shock at time ¢

to the m!™ market, the generalized impulse response is

e, ApXe,,
\/Emm

While impulse response analysis is the most common approach to analysing a VAR
system, it is not the optimal tool for quantifying cross-market linkages. Since we are
more interested in the level of dependence between markets, rather than the magnitude
and sign of a single response, forecast error variance is a more useful concept. The
forecast error is the discrepancy between observed and forecast values. As defined in
Equation 4.2 the actual value of X415 = D oog Ai€tin—i + 2100 Gidith—i, which results
in the following definition of a forecast error

Y = (4.8)

h

Xtrh — Xepnje—1 = O Ai€pn—i (4.9)
=0

Forecast error variance refers in turn to the mean square error (MSE) of the forecast.
Under the standard assumptions of the VAR-model this reduces neatly to

h
MSE( Xt+h|t 1) ZE[A Etth—i) [Ai€in—i ] = ZAiEA;' (4.10)

It can be shown that the forecast error in n at time ¢t + h due to a shock to market
m is the same as v, . Using this fact we are now able to define the directional spillover
from asset m to asset n as

H h \2
SOpm = > hHihS)]Eg:&)h E x 100 (4.11)

26see Pesaran and Shin (1998) or Koop et al. (1996). Note that for non-Gaussian error distributions
effects cannot be integrated out analytically.
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where H is the selected forecast horizon. SO, is a scaled FEVD for an H-step ahead
forecast which describes the percentage error variance share of asset n explained by
shocks to asset m. This definition is essentially the same as the one proposed by Diebold
and Yilmaz (2012) with the minor difference that we also include error variance at
time .27 Note that we by construction get Zgzl SOpnm = 100 and subsequently also
SN SN SO = 100N, which is not the case for the unscaled FEVD presented in
Pesaran and Shin (1998). Furthermore we define the total spillover from m excluding
contributions to its own variance share as

N
SOm— =Y SOnm (4.12)
m=1
where high values of SO,,,_, indicate that shocks to market m have a tendency to spillover
into other markets. Similarly we define total spillover received by asset n, also excluding
own variance share as

N
SOne = SO0um (4.13)

n=1
which by definition is bounded between 0 and 100. Values close to 100 should be

interpreted as asset n being highly integrated with the other assets in the VAR-system.
Finally the total spillover index can be defined as

5,50,
SOI = N

where the sum of received spillovers could be replaced by given spillovers since Zivzl SO =

(4.14)

Z%:l SOpm—. This measures on average to what degree error variance is explained by
shocks to other markets. The intuition behind this and all the above spillover measures
is that if a market is not strongly interconnected with other markets then its forecast
error variance should be predominately determined by its own errors.

We use rolling samples of 260 days and predict 10 steps ahead to obtain the evolution
of spillovers over time.?® The analysis of return spillover is performed with VAR-order
1 based on the Schwartz information criterion. All VAR-models are found to be stable
(i.e. all roots are within the unit circle) which allows for the assumption of a covariance
stationary series. We are however able to reject normality and no serial correlation in
the residuals for most rolling samples. Closer study of the residuals reveals that this is
likely due to the high kurtosis and ARCH-effects in our data. We are able to correct
for the problem of serial correlation by running our returns through an EGARCH(1,1)
filter, but not the issue of excess kurtosis. We are neither able to solve this problem
by adding additional lags, a trend, nor by correcting for outliers (the problem is rather
caused by observations too close to the mean).

We concede that this issue might make our results less reliable, but the residual
appear to be "somewhat normal” (see Figure A.5). When we compare the spillover
generated by 'raw’ returns and the standardized EGARCH residuals we find very few
differences, which suggest that the spillover measure is robust to residual problems

As the results may still depend upon model specifications, we choose to compare the
results between our initial model and alternative specifications using simple correlations.

2TIt should be noted that we are not first to arrive at this slightly novel definition. Lanne and Nyberg
(2014) defines a generlized FEVD in much the same way.

28We implement our spillover analysis with the help of R package ’vars’ Pfaff (2008), which provides
the tools necessary for VAR-estimation.
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We set the lag length of the VAR models to 1, 2, 4 and 8, but also vary the rolling sample
between 260 and 520 days, giving us eight different models. The average correlation
coefficient between our initial models and the alternative models indicates that there are
some disparities between model specifications. The average correlation varies between
0.47 (lean hogs) and 0.83 (soybeans), with a mean of 0.74 for spillover from the S&P500.
Spillover from crude oil varies between 0.38 (lean hogs) and 0.94 (soyebans), with a
mean of 0.79. As presented in Figure 3.1, lean hogs do not seem to follow the other
commodities particular well, which also will be demonstrated in Figure 5.1 in next
section. On the other hand, soybeans presents a high spillover both for S&P500 and
crude oil. This might imply that, in the presence of high spillover, model specifications
have less influence on the results, compared with the case of low spillover.

Volatility is initially modelled with lag-length 4 and a constant. In this case several
models are not confirmed to be dynamically stable. This problem is not fixed by ac-
counting for outliers, adding lags, or even differencing the data. Normality and serial
correlations are also found to constitute serious problems. In addition, the residuals ex-
hibit a skewness which indicates that volatility is not well suited for a linear VAR-model
(see Figure A.6). This raises some questions about the viability of modelling volatility
spillovers, at least using conditional volatilities??. For this reason we choose to exclude
volatility spillovers from further analysis.

4.2.2. Univariate GARCH

In order to model conditional volatility, and to be able to calculate the dynamic con-
ditional correlation, we first have to estimate univariate generalized conditional het-
eroskedasticity (GARCH) models. The increase in the number of possible volatility
models based on the GARCH approach has been substantial during the last decade,
giving the user a great variety of options both concerning GARCH model and the differ-
ent model specifications. Given all these options, selecting the most appropriate model
for the data can be quite difficult.

In this study we employ three different GARCH models, using three different error
distributions. We consider the following models; the standard GARCH of Bollerslev
(1986), the Glosten Jagannathan Runkle GARCH (GJR-GARCH)?" by Glosten et al.
(1993), and finally the exponential GARCH (EGARCH) of Nelson (1991). Since this
theiss discusses the possibility that commodities behave in the same way as other fi-
nancial assets, usage of the two latter GARCH models is motivated by the findings of
e.g. Black (1986), observing that financial series react in a heterogeneous manner with
regards to bad and good news. As Myers (1992) recommends using non-normal error
distributions when investigating commodity prices, we employ two commonly used dis-
tributions for financial time series, in addition to the standard Gaussian; Student-t and
the Generalized Error Distribution (GED).

All GARCH models are estimated through the following mean equation with up to
two AR-terms,

Ty = [+ &t (415)

where r; is the investigated return series, i is the constant and the error-term e; = o2,
where z; ~ IID(0,1). Starting with the standard GARCH(p,q) of Bollerslev (1986) we
model the standard deviation as

2%Previous studies have used intra-day volatility
30 Also known as the threshold-GARCH (tGARCH).
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q p
ol =w+ Z oejef_j + Z Bio? . (4.16)
j=1 i=1

where « is referred as the ARCH-term and 5 as the GARCH-term. To guarantee
positive and non-explosive variance the parameters in Equation 4.16 are restricted to
w>0,>" o+ 23-:1 B; <1aswell as o & 3 > 0.

Continuing with the the other two models allowing for asymmetric information im-
pact, the standard deviation of the GJR-GARCH is modelled as

q p T
of =w+ Y Bioi j+ > i i+ e Tk (4.17)
i=1 i=1 k=1

where I is a dummy-variable with a value of 1 if €2, < 0 and 0 otherwise, controlling for
the unequal impact from bad and good news. If v # 0, the impact from news is found
to be asymmetric, and if v, > 0 bad news will increase volatility and hence have a larger
impact on the volatility than good news. In addition to the restrictions of the standard
GARCH model, the GJR model also restricts > ©_; o +> ;v > 0. Compared to the
two previous models, the EGARCH is of log-linear form

log o7 —w+ZBJ log o2 g —i—z:aZ (4.18)

7j=1

where instead of using ¢,_;, the standardized residual (- ) is used. Similar to the GJR-
GARCH, asymmetric shocks in volatility are present 1f ’yk # 0, and are said to have a
leverage effect if v, < 0. One of the advantages of the EGARCH-model is that the
log-linear form requires no parameter restrictions because log o7 will never be negative.

When estimating the GARCH models we employ up to two lags in the ARCH and
GARCH parameters, giving a total of 54 different GARCH models to estimate for each
individual commodity.?! We loosely follow a Box-Jenkins approach in order to choose
the best fitting model, starting by estimating all models. In the next step, we apply
the Ljung-Box test to investigate the presence of autocorrelation and remaining ARCH
effects in the standardized and squared standardized residuals respectively. From the
models which passes both of these tests, we choose the best fitting model according to
the log likelihood.3?

The most appropriate model for each commodity is presented in Table 4.1. We end
up using EGARCH with student-t distribution and GJR-GARCH with GED distribution
for the majority of the series. As presented all of the models pass the autocorrelation
tests at desired levels. None of the series do however pass the normality test according
to the Jarque-Bera test. All models satisfy the required parameter restrictions described
above.

31We implement the analysis with the help of R package 'rugarch’ Ghalanos (2014b)
32In the Ljung-Box test we use lag length 10, and we allow for significance greater than 5%.
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4.2.8. Dynamic conditional correlation

To investigate pairwise interdependence between equity, crude oil, and agriculture, we
apply the dynamic conditional correlation (DCC) methodology introduced by Engle
(2002). Extending Equation 4.15 to a multivariate case, we consider the following model

ry=p+e; (4.19)

where ry = (r14,724) is a vector of pairwise return series, p being the constant vector
and the error-term vector €; = \/Hyzt, where z;, ~ N(0,Iy). The DCC approach
focuses on the conditional variance-covariance matrix H;, defined as

H, = D,RyD; (4.20)

where R; is the conditional correlation matrix, and D; the conditional volatility matrix.
The time-varying conditional correlation estimation is based on a two-step procedure.
First, the standardized residuals from two univariate GARCH models discussed above
are estimated. Letting the conditional volatility matrix be a two-by-two matrix with
the conditional standard deviations in the diagonal and zeros in the off-diagonal

. 01t 0
Dy = < 0 (m) (4.21)

we may calculate the standardized residuals as z; = D, lét. These residuals are later
used to obtain the conditional correlation matrix

Rt:< 1 p112vt> (4.22)

P21t

where pia; = pa1+ = cov(ziy, Zjt I;_1), representing the time varying conditional corre-
lation. The individual elements of H; are thereby p;;:0;0;. Since H; and R; represent
the variance-covariance matrix and correlation matrix respectively, there are two re-
quirements that needs to be met before proceeding. First, the definition of a covariance
matrix requires H; to be positive definite, also imposing the same restrictions on R;.
Secondly, the absolute values of the elements in the conditional correlation matrix have
to be equal to, or less than one. These two requirements are satisfied by decomposing
the R; matrix into

Ry = Q'@ (4.23)

where @); is calculated as

Q=>10—a—B)S+alz-12_1) + BQi1 (4.24)

where ¥ is the standardized residual (unconditional) covariance matrix obtained in
the same manner as described in footnote 22. The )} matrix is simply a diagonal
matrix with the square roots of the diagonal elements in ); and zeros otherwise, i.e.
Qi = diag(\/q114, \/qu¢) The requirement of positive definiteness, is met by setting
restrictions on the scalars o« and 8 in Equation 4.24 tobe o+ 8 <1 and o > 0,5 > 0,
while the second requirement is met by the rescaling of Q; by Q7.

In the first step of the estimation of the DCC model, the joint log-likelihood function
from the two univariate GARCH models is obtained, making it possible to construct the
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D; matrix as described above. In the second step, the following log-likelihood function
is maximized

T

1

= Z 2log (27) + 2log | Dy| + log |Ry| + €} R, <) (4.25)
t=1

l\D

with respect to the parameters in Equation 4.24 since the first two parameters in Equa-
tion 4.25 may be treated as constants at this stage. We estimate the DCC(1,1) with
a multivariate Gaussian error distribution based on the best fitted univariate GARCH

models presented in Table 4.1.33

4.83. Testing the relationship between market integration and speculation

Before testing the relationship between our two measures of market integration and five
measures of speculation we have to adjust for the different frequencies of the series,
converting all daily data into weekly. In order to make our estimates more comparable,
we multiply the DCC and all speculation ratios by 100. Since all variables are bounded
within a reasonable interval, no log transformation is deemed to be necessary.

Before proceeding to analysis we also perform standard diagnostics testing, particu-
larly for the purpose of identifying the order of integration since it isimportant for the
bounds testing procedure that none of the variables are I(2). All series are examined
using both the ADF-test and the KPSS-test. These tests are presented in Table A.1 and
Table A.2 for speculation measures, Table A.3 and Table A.4 for integration measures,
and Table A.5 for the macroeconomic control variables.

The results indicate that speculation and market integration measures can be con-
sidered levels stationary only in a few rare cases.?*.

All series appear to become stationary in first difference. We do however find that
the KPSS test rejects the null-hypothesis in three cases of speculation, five for market
integration, and one for our macroeconomic control variables, which could indicate the
existence of I(2) processes. Upon visual examination, see Figure A.4, we however see no
reason not to treat these variables as difference stationary. The use of first difference
variables might result in over differentiation in a few rare cases, adding an MA-process
to the data. We do however believe that the advantages of being able to interpret all
regressions in the same way outweighs the consequences of possible over differentiation.

4.3.1. Bounds testing of the unrestricted error correction model

To examine the long-run relationship between speculation and market integration we
employ the Pesaran et al. (2001) bounds testing procedure for an unrestricted error-
correction model. We estimate

K Q
Ay = M+Z¢pAyt p+z Z Vieyqr ATk t—qp, + Oyt — 1+29kxkt 1+e€  (4.26)
p=1 k=1q=1 k=1

where y is one of four measures of market integration and where xj represents the
explanatory variables, i.e. speculation, inflation, T-bill rate, the dollar index, and VIX.
The maximum lag-lengths of P and () are set to 4.

33We implement the analysis with the help of R package rmgarch’ Ghalanos (2014a)
34E.g. Working’s T in full sample for orange juice and rice, and DCC crude oil-lean hogs in full
sample.
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We begin by estimating all 625 permutations of lag-lengths and testing for residual
autocorrelation with the Ljung-Box Q-test®®. Among the models free from autocorrela-
tion, we select the one which minimizes the Schwartz information criterion.

Using the optimal lag-length model we determine the presence of a cointegrating
relationship by rejecting Hg : 0y = 61 = -+ = 0 = 0, through a Wald-test against the
restricted VAR-version of Equation 4.26. As the ordinary F-statistic is not appropriate
when testing non-stationary variables, Pesaran et al. (2001) provide non-standard critical
boundaries for the F-statistic. If the null-hypothesis can be rejected, we may proceed
to examine the long-runt equilibrium relationship through a simple OLS estimated in
levels

K
ye=a+ Y Brwrs+e (4.27)
k=1

where 3, represent the long-run coefficient of xy ;.

4.8.2. Granger non-causality

To examine the predictive power of speculation on market integration we utilize the
well-established non-causality test of Granger (1969). Equation 4.28 and Equation 4.29
presents the two necessary equations for pairwise analysis of the presence of Granger
causality. The null-hypothesis of non-causality in the Granger approach is tested by
examining the predictive power of the lagged exogenous variable in the regression.

q q
Azy=o1+ > ¢ihze g+ > 0Ay_g+ €1y (4.28)
=1 =1
q q
Ay = ag + Z YeAxy g + Z MDAy o+ €24 (4.29)
=1 =1

The null-hypothesis is examined through a Wald-test against the restricted autore-
gressive version of the relevant equation. There are four possible conclusions of the
pairwise Granger non-causality test: non-causality, unidirectional causality from x to
y, unidirectional causality from y to x, or bidirectional causality where both x and y
posses predictive power. The bivariate causal relationship between financial market in-
tegration and speculation is tested by using the smallest available information set. If
non-causality cannot be rejected at the 10% level, we add one lag to the equation, up
to a maximum of five lags to allow for the presence of less instantaneous reactions.

5. RESULTS & DISCUSSION

This section discusses our findings on the strength of cross-market linkages and their
determinants. We begin by presenting our measures of market integration, and construct
some stylized facts about their evolution over our sample period. We then go on to
present our findings regarding the determinants of food-equity-energy price dynamics.
Each subsection is structured (roughly) according to the following style: First, the
results are given a perfunctory description, and some of the more interesting findings
are highlighted. Then a short synthesis of the findings is presented, discussed, and
compared with the findings of previous research.

35We use a lag length of 10 and a significance level of 5%.
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5.1. Financial market integration

We present the full sample return spillover from the S&P 500 and crude oil to indi-
vidual commodities in Table 5.1 in order to give an idea about the level of market
interdependence when viewing 1992-2014 as a single period without structural changes.

Overall we find close to no market integration between equity and agriculture. Ex-
cluding crude oil, the return spillover from the equity market to commodities ranges
between 0.17 (lean hogs) and 0.79 (soybeans); values which may be considered as prac-
tically zero. The total spillover from equity to all commodities, crude oil excluded, is
5.43 over the full sample. The corresponding results for crude oil are very similar, with
a slightly higher given spillover, ranging between 0.17 (lean hogs) and 1.70 (soybeans).
The total spillover given (S&P 500 excluded) is 7.98. These conclusion, although gen-
erated in a multivariate framework and expressed on a different scale, could just as well
have be drawn from studying simple (unconditional) correlations in Table 3.3 which also
indicates a very low co-movement between equity and commodities.

Analysing the other commodities, the most influential one is corn, with most of its
impact concentrated to the other large grain commodities. Similarly, Table 5.1 also
tells us which commodities are receiving high spillovers. Notice overall that the market
integration among grains is substantially larger than for the rest of the assets. This
is not entirely unexpected since they share many of the same supply and demand side
factors affecting price.

Table 5.1: Full sample return spillover table

o @ B @ 6 6 (M (8 (9 (10 (1)  (12) | REC.INCL. REC.EXCL.

S&P500 (1) 91.87 2.04 0.53 0.48 0.93 0.13 0.64 0.40 0.30 0.55 1.14 1.00 100.00 8.13
CRUDE OIL (2) 211 8721 090 045 238 015 057 083 029 045 265 200 | 100.00 12.79
COCOA (3) 0.63 0.97 90.69 2.24 1.27 0.02 0.22 0.90 0.19 0.49 1.46 0.93 100.00 9.31
COFFEE (4) 069 047 218 9020 178 004 016 079 025 049 123 172 | 100.00 9.80
CORN (5) 0.52 1.34 0.55 0.96 47.98 0.20 0.43 12.56  0.22 2.51 16.48 16.26 100.00 52.02
LEAN HOGS (6) 017 017 002 004 038 9782 023 027 006 004 061 018 | 100.00 218
LIVE CATTLE (7) 072 0.62 026 017 076 027 9570 020 014 006 033 076 | 100.00 4.30
OATS (8) 029 058 055 050 1587 016 012 6073 011 172 995 943 | 100.00 39.27
ORANGE JUICE (9) 047 034 020 029 053 011 013 023 9696 012 034 028 | 100.00 3.04
RICE (10) 053 047 027 044 428 007 004 233 002 8301 519 336 | 100.00 16.99
SOYBEANS (11) 0.79 1.70 0.80 0.71 18.82 0.35 0.18 9.02 0.15 3.44 54.80 9.24 100.00 45.20
WHEAT SRW (12) 062 1.33 048 102 1907 011 052 875 011 229 944 5625 | 100.00 43.75
GIVEN INCL. 99.41 97.23 97.42 97.50 114.06 99.42 98.94 97.02 98.79 95.18 103.62 101.41 | 1200.00 246.77
GIVEN EXCL. 7.54 10.02 6.72 7.30 66.08 1.59 3.24 36.29 1.83 12.17 48.82 45.16 246.77 20.56

Notes: Table showing return spillover over full sample. Reading the table by columns gives information
about given spillover, and by rows gives information about received spillover. INCL and EXCL represents
including and excluding respective commodity.

Market interdependence should however not be viewed as constant, but rather highly
time-varying. We capture this aspect through our rolling sample analysis presented in
Figure 5.1. The figure depicts the directional spillover as defined in Equation 4.11 from
equity and crude oil to individual commodities, represented by the solid line and dashed
line respectively.?®. Our results indicate that there was a regime shift in the relationship
of agricultural commodities to financial assets after 2004 which brought about a much
higher dependence of food prices on both equity and oil. This general description applies
to all markets except lean hogs. Further details that should be observed are that, for
several markets, interdependence with oil and equity only increases after or during the
global financial crisis. In most cases interdependence had however, by 2014, reverted to
the same low levels that have been observed in the past. Furthermore, in grains and

36Note that the directional spillover for a single date is calculated from a VAR-estimate using the last
260 days
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oilseeds (particularly soybeans and corn) there is clear evidence of linkages to the crude
oil market growing stronger from 2005, before any integration with equity is noticeable.

COCOA COFFEE CORN

T T
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

LEAN HOGS LIVE CATTLE OATS

T T T T T T T T T T T T
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

ORANGE JUICE RICE SOYBEANS

T T T
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

WHEAT SRW

Notes: The solid line represents return spillover from S&P500, the dashed line represents return spillover
from crude oil.

Figure 5.1: Return spillover from equity and crude oil

The dynamic conditional correlations (DCC) between food-equity and food-energy
pairs are presented in Figure 5.2. Overall, we find similar results regarding the market
integration of agriculture with both crude oil and equity. Beyond confirming the nature
of market integration provided by the return spillover measure, the DCC contributes
some additional insight on the interdependence between agricultural and financial mar-
kets. The bivariate correlations with oil and equity were quite considerable at their
peaks. Soybeans peaked around 0.5 and stayed above 0.2 for several years, post the
global financial crisis. Other commodities with relatively high correlations include the
remaining grains, cocoa, and coffee, while the remaining commodities that did see an
increase in oil and equity spillover, such as live cattle and orange juice, only experienced
a negligible increase in correlations.

Summarizing the findings from both frameworks we are able to construct the follow-
ing stylized facts on the financial integration of agricultural futures markets. Until the
beginning of 2005 all food commodities where more or less independent of stocks and
crude oil return movements, supporting the notion of commodities as a separate asset
class. However, diversification benefits from investing in commodities decreased after
this point for the majority of agricultural commodities. Post-2005, grains and oilseed
markets started to integrate with crude oil, while equity market integration does not
become apparent until after the 2008 financial crisis. Market interdependence remained
high for an extended period of time, but the last few years have seen a revert in correla-
tions with stocks and crude oil back to pre-crisis levels for all commodities. This casts
some doubt on the idea of an ongoing process of financial integration for commodities.
It also puts into question the role of stock-market contagion which should only lead to
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Figure 5.2: Dynamic conditional correlation from S&P500 and crude oil

a short temporary increase in cross-market linkages.

The findings for crude oil are supported by the study of Tang and Xiong (2012)
which shows that we may expect a higher correlation between crude oil and commodities
included in indices such as the S&P GSCI or the DJ-UBSCI. For instance, lean hogs
and orange juice, but also live cattle, are practically uncorrelated with equity and have
low index weights. Among non-energy commodities corn, soft red winter wheat, and
soybeans have the highest index weights which is also consistent with the hypothesis that
index weights matter.?” Following this reasoning neither oats nor rice should exhibit any
increase in correlations due to the fact that both have zero weights in GSCI and UBSCI.
Oats and rice do however follow a similar pattern to that of corn and soybeans, putting
this hypothesis into question. By studying Figure 5.1 and Figure 5.2 more closely one
could argue that the the financial integration of oats and rice is not however of the same
magnitude as the other grains, nor did it start prior to the financial crisis as was the case
for soybeans and corn. On the other hand, considering that soybeans and corn are the
most affected markets, an effect of biofuel and biodiesel production on the food-energy
nexus could provide a simpler and more consistent explanation of market integration
with crude oil.

A factor that could matter for the food-equity linkages is that orange juice, rice
and oats are quite insignificant in terms of market size compared to the other sample
markets. Comparing the financial integration of a market with its speculation measures
(see Section 3), there are some preliminary indications that institutional investors might

3MLean hogs (0.8% in GSCI and 2.5% in UBSCI); live cattle (1.6% in GSCI and 4.6% in UBSCI);
orange juice is not included in either index; See Tang and Xiong (2012) for average index weights of
S&P GSCI and DJ-UBSCI during 2008 and Biiyiiksahin and Robe (2014) for average index weights in
GSCI during 2000-2010.

36



affect the strength of cross-market linkages. The fact that interdependence between
agriculture and equity increased only in the aftermath of the financial crisis, could
support the hypothesis of contagion effects from simultaneous liquidation across markets.
One should however be sceptical as to what degree this would cause any prolonged
interdependence between markets. Hopefully the next step of our analysis will help
shed some light on this problem.

5.2. The role of speculation in market integration

5.2.1. Long-run determinants of commodity-equity-energy dynamics

We perform the bounds testing procedure of Pesaran et al. (2001) to determine which
long-run relationships can be meaningfully estimated. Where there is evidence of a
cointegrating relationship and no residual correlation we proceed by estimating simple
OLS regressions.

In the case of return spillover from equity to agriculture, presented in Table 5.2,
cocoa and wheat are the only commodities exhibiting a long-run relationships with our
explanatory variables for the full sample period. Considering our sub-samples long-run
relationships are found for oats, orange juice and rice in the pre-financialised period,
while spillover to lean hogs is the only market integration measure which cointegrates
for 2006-2014. The effect of speculation varies across both commodities and speculation
measures, which makes it hard to draw any generalizable conclusions about it. Our
macroeconomic control variables are consistent across equations but also vary between
commodities.

Regarding spillover from crude oil, displayed in Table 5.3, we find cointegrating
relationships for oats and cocoa over the full sample. As was the case for equity return
spillover, most long-run relationships appear in the first of our two sub-samples. Cocoa,
coffee, lean hogs, live cattle, and wheat form cointegrating relationships before June,
2006 independent of which speculation measure is used. In the latter sub-sample rice
together with open interests is the only long-run equation. Notable is that we find no
evidence of CITs or money managers affecting market integration.

For the dynamic conditional correlations between equity and commodity returns,
found in Table 5.4, there is cointegration in the cases of coffee, corn, lean hogs, live
cattle, oats, soybeans, and wheat. The macroeconomic fundamentals are all consistent
across commodities and equations, excluding lean hogs. In the sub-sampling analysis
coffee, corn, lean hogs, and rice display long-run relationships. Considering only the
post-financialisation sub-period we are able to estimate equations for corn and wheat.
An interesting finding to highlight is that equity market integration for corn is highly
related to the CIT ratio.

Finally, we present the results for the dynamic conditional correlations between crude
oil and food in Table 5.5. This shows evidence of long-sun relationships in the cases of
orange juice, rice, and wheat. For the sub-samples we estimate long-run equations for
coffee, live cattle, orange juice, and soybeans for the first period and rice for the second.
The only generalisable facts that may be gleaned from these regressions is that the T-
bill rate has a positive effect on the level of market integration. The bounds test also
rejects the null of no cointegrating relationship for lean hogs, but the OLS regressions
have a 0 adjusted coefficient of determination, which indicates that the rejection is
probably based solely on the significance of 31 in Equation 4.26. We refer the reader
to Figure 5.2 to see why this would not be strange. If one studies the combined results
for lean hogs closer, the regressions appear to be quite erratic; this is probably due to
the remarkably low financial market integration of this particular commodity, and we
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therefore choose to regard all findings for it as spurious.

Synthesising all findings for equity market integration we may conclude that the role
of speculation depends on how we choose to measure it. The effect of open interests is
predominantly positive which can be interpreted as integration increasing with the size of
the market. Excess speculation on the other hand seems to exert a downward pressure on
return co-movements which would indicate that the presence of non-commercial traders
leads to less integrated markets. On the influence of the ratio of non-commercial traders
against open interests, our results are ambiguous. Regarding the more detailed measures
we have only two results to go by; CIT ratio has a high positive impact on market
integration for corn, while money managers affects the integration of wheat negatively.
Since there is reason to believe that the quality of the old COT classification procedure
has decreased over time, higher weight should perhaps be given to these results. Overall,
we are neither able to reject nor confirm the findings of previous research on the role of
speculation in equity market integration.

The effects of our macroeconomic control variables are less ambiguous. Our analysis
reveals that inflation is an important determinant of equity-commodity co-movements.
The strength of cross-market linkages appears to decrease with the level of inflation
which is consistent with idea that equity returns and commodity returns respond differ-
ently to inflation, as discussed by Gorton and Rouwenhorst (2006). If low equity-food
co-movements in the past have been partially due to a high level of inflation, then de-
creased inflationary pressure could help explain stronger co-moves between these asset
classes. This also verifies the findings of Biiyiiksahin and Robe (2014); the fact that
our results are more significant could be due to the fact that we use actual rather than
expected inflation. Note that Girardi (2015) argues that inflation should increase the
demand for both stocks and commodities which predicts a positive relationship, but his
findings do not support this hypothesis; neither do they contradict the findings from our
analysis. Market integration for lean hogs and orange juice does however react positively
to inflationary pressure. As has been discussed above there is good reasons to be cau-
tious when interpreting the results for lean hogs, and we therefore choose to treat these
regression results as spurious. Considering the magnitude of the estimated coefficients
we notice that corn, rice, soybeans and wheat are more sensitive to the level of inflation.
This finding, together with the positive response of orange juice, could indicate that
commodities as an asset class is heterogeneous with regards to the role of inflationary
pressure.

Further, our analysis reveals that the interconnectedness of commodities and stock
markets decreases with the value of the dollar. In contrast to Girardi (2015) our results
are highly significant, which shows that the level rather than the volatility of exchange
rates explains cross-market linkages. We argue that this makes sense from the perspec-
tive that demand for U.S. traded commodities should be high when the dollar is cheap,
and vice versa. The value of some U.S. stocks will obviously be favoured by exchange
rate depreciations, but the effect for the entire equity class should not be as pronounced
as for commodities.

Stock market uncertainty as measured by VIX is found to increase the stock market
integration for most commodities. This is in line with the findings of Silvennoinen and
Thorp (2013), who show that the DCC of commodities with equity transitions to a higher
level during states of high implied stock market volatility. The results of Biiytiksahin
and Robe (2014) and Girardi (2015) indicate a similar role of uncertainty through use of
the TED spread. As has been pointed out in all of the aforementioned studies this puts
in to question the diversification benefits of commodity futures investments, since we
can expect correlations to increase when we the need for diversification is at its highest.
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Regarding the role of the risk free interest rate our results point mainly towards
a negative relationship. This could be interpreted in the same way as the effect of
inflation; i.e. the nominal interest rate plays different roles in the pricing of commodities
and stocks. There are however several cases where the sign of the coefficient changes
between periods why these findings should not be given the same weight as those for
inflation. It might also be interesting to highlight that orange juice reacts in the opposite
way in this case as well, indicating that its integration with stock markets does not follow
the same pattern as other commodities. This is also substantiated by the findings of
Girardi (2015).

The effect of speculation on integration with crude oil is no less ambiguous than for
equity. We do however find the same sign for the different measures in both cases. It is
of interest to note that the ratio of commodity index traders does not seem to matter,
contrary to the findings of Tang and Xiong (2012). Inflation is found not to play the same
unequivocal role as for equity market integration, which is expected if we believe that
commodities will tend to follow the general price level. A mix of positive and negative
responses across commodities could simply result from differing degrees to which the
individual commodities follow (or constitute) consumer prices. The same is true for
interest rates. Regarding the impact of exchange rates, interdependence between food
and crude oil is found to be lower when the dollar is strong. This is consistent with the
study of Harri et al. (2009) which shows that oil prices are not affected by the exchange
rate, in contrast to agricultural commodities. Finally, stock market implied volatility
has a positive relationship with market integration in most cases, just as in the case of
equity.

In terms of robustness and time-varying characteristics, no regression specification
results in a cointegrating relationship in both sub-samples, which would otherwise have
allowed us to draw conclusions about changes in food-equity-energy price dynamics.
Regarding comparison across market integration measures, rice regressed on Working’s
T cointegrates in he first subsample for both the DCC and the equity spillover. In this
case, the effect of excess speculation change sign, but all other coefficients remains the
same. The equation for wheat and total speculation ratio is consistent across equity
market integration measures. For crude oil integration we note that the relationship
between open interests, T-bill rate and rice changes direction in the second sub-sample
when switching market integration variable. The regressions of live cattle in the first
sample period generates different conclusions about total speculation ratio and exchange
rate.

Overall, our long-run analysis of food-equity-energy dynamics show that any con-
clusions are highly sensitive to the choice of both market integration measure and spec-
ulation variable. A generous interpretation of our findings indicates that cross-market
linkages for agriculture with both equity and crude oil are strengthened by open interests
and stock market uncertainty, while growing weaker with a stronger dollar. In the case
of stock market integration, inflationary pressure is also found to play an important role,
leading to decreased equity-food price co-movements. The small number of cointegrat-
ing relationships, which are scattered across commodities, equations and sub-samples
does however lead to the realization that these findings are not particularly robust. It
is possible that a more careful construction of full sample error correction models with
structural breaks and various dummies could have remedied this.
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5.2.2. Short-run causality between speculation and market integration

A matter of dispute in the debate regarding the role of speculation in commodity price
formation has been whether speculation causes price changes, or vice versa. We study
the short-run causal relationship between changes in speculation and market integration
in order to determine if speculation can be said to drive the integration of markets. The
results from our pairwise Granger causality tests are presented in Table 5.6 and Table 5.7
for changes in return spillover and DCC respectively. We also present the correlation
coefficient between changes in market integration and speculation in the tables to give
an idea about the degree of co-movement for each pair.

First out, return spillovers from the S&P 500 present a very low correlation with all
speculation measures, and are more or less equally distributed around 0. This indicates
that there is no strong interdependence between changes in futures market trading and
cross-market linkages. We find some evidence of causal relationships, but going in both
directions when considering the full sample period. When comparing the two sub-
samples it appears that the predictive power is somewhat higher in the first sample for
all three speculation measures, but no measure consistently predicts the other. Neither
the results for CITs, nor money managers contributes to any conclusion about the
direction of the causal relationship. For crude oil, correlations are also quite small in
magnitude and there are mostly weakly significant results for the causality tests in the
full sample. There is stronger evidence of causality in the second period, but interestingly
nothing indicates that speculation has become a better predictor of market integration.
If anything, open interests and excess speculation seem to predict financial integration
more consistently in the pre-financialised period.

The analysis of DCC with equity, to some extent, produces less ambiguous results.
Particularly salient is that changes in open interests are found to be a unidirectional
cause of equity market integration for coffee, corn, live cattle, orange juice, rice, and
wheat. Comparison of the sub-samples lends some weight to the conclusion that the
role of open interests in market integration increases in the second part of our sample
period. To a lesser extent, excess speculaton seems to cause cross-market linkages, but in
this case predictive power decreases over time. Contradictory to these findings, the total
speculation ratio does however seem to be predicted by the DCC with equity up to June,
2006. Just as was the case for spillover the measures constructed from the disaggregate
and supplemental reports provides us with no further insight. Most correlations are
found to be negative, but can be considered 0 in practice. Finally causality testing
between energy-food co-movements and speculation reveals there to be a link from open
interests to market integration, which disappears in the latter sample period. The ratio
of CITs against open interests is found to predict market integration, but the opposite
is true for the money manager ratio.

Summing up, we are able to say very little about the role of speculation as a driver
of market integration when considering the picture painted by all causality tests collec-
tively. There is clearly some predictive ability between our variables, but the results
vary wildly across measures. In many cases we also observe causality running from
market integration to speculation, which lacks any meaningful economic interpretation
or theoretical explanation, and raises warning flags about spurious regression. Careful
study of our results further reveals that there is not always causality where we were able
to show the presence of a cointegrating relationship; which by definition there should be.
If we choose to focus solely on the DCC as a measure of market integration and open
interests as our measure of speculation, we are however able to provide some evidence
in favour of the conclusion that growth in open interests has strengthened food-equity
linkages.
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6. CONCLUSION

Using the measures of dynamic conditional correlations and return spillover we are able
to show that cross-market linkages between all agricultural futures markets, equity, and
crude oil were negligible prior to 2005. After this point we observe an increase in the
market integration of grains and oilseeds with crude oil, particularly for soybeans and
corn. While commodity index investment could have played a role in this process by in-
ducing co-movements between individual components of an index, increased production
of biofuels and biodiesel seems to provide a simpler and more consistent explanation.
Both equity and crude oil market interdependence rose sharply for almost all agricul-
tural commodities after the financial crisis in 2008. This sudden increase fits well with
the notion of stock market contagion, but such an effect fails to explain why market
interdependence remained high for several years after the crisis. Recently, cross-market
linkages have started to revert to pre-crisis levels and at the end of 2014 they were as
weak as they have been historically. This provides a new insight into the market interde-
pendence of agricultural commodities which has not been observed in previous research.
Even though our analysis of position data finds that the structure of commodities mar-
kets has changed in terms of who trades, these findings show that it would be wrong to
characterise the evolution of market interdependence as a process of ongoing financial
integration.

Analysing the determinants of food-equity-energy price dynamics we show that any
conclusions are highly sensitive to the choice of both market integration measure and
speculation variable. Because of few significant results we are not able to say with
any certainty if the importance of different determinants changes over time. While our
findings are not particularly robust, we provide some evidence of market integration
increasing with market size. Other factors however seem to be more important. We
find that low inflation, and a weak dollar could both help explain higher co-movements
between equity and agriculture by playing different roles in the prices of these assets.
There is also some indications of market interdependence increasing with stock market
uncertainty, which puts the usefulness of commodity futures investment for diversifi-
cation purposes into question. Previous research has considered the possibility that
speculators act as a transmission mechanism for shocks in equity markets to commodi-
ties markets, but this is not explicitly tested for in this study. In combination with
the positive impact of market size, which is increasingly made up of speculators, this
leaves the possibility that financialisation has made food markets more vulnerable to
disturbances in financial markets.
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Notes: Figure plots the logarithmic returns on food commodity futures from 1991-10-02 to 2014-12-30.
The dashed line indicates the break point between our two sub-samples.

Figure A.1: Logarithmic futures return on food commodities
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Notes: Figure plots the notional value of each futures market from 1992-09-30 to 2014-12-30. This is
calculated as OPEN; x P, x ContractSize.

Figure A.2: Approximate notional value of food commodity futures markets
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Notes: Figure plots the log transformed continuous futures price of 10 food commodities and crude oil,
as well as the S&P500 index from 1991-10-01 to 2014-12-30. Prices are expressed in nominal US$. See
Table 3.1 for information on price units.

Figure A.3: Logarithmic prices
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Notes: Figure plots the first difference of variables which are determined to be 1(2) by the KPSS test.

Figure A.4: First difference of variables considered 1(2) by the KPSS test
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Residuals from full sample VAR-model of returns
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Figure A.6: Residuals from full sample VAR-model of volatilities
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