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Abstract

Commodity markets have experienced a surge in participation by financial investors over the
past decade. This notable uptick highlighted the potential effect of financialization as one of the
causes of increased comovement of commaodities returns. Building on the theory of comovement
proposed by Barberis et al. (2005), this paper investigates drivers of the observed increase in
comovement prices of commaodity futures in the United States and provides new empirical evi-
dences. This empirical analysis allows us to distinguish between two views of return comove-
ment: the traditional view, in which return comovement is explained by comovements in news
about fundamentals value, and the alternative view, in which excess comovement is attributed
to traders’ sentiment. We examine differences in the dependence structure between index and
off-index commodities, and three major commodities indexes. Non-energy commodities present
in the index exhibit an increase in comovement whereas those commaodities off the index do not.
These results are supported by the analysis of high-frequency returns dynamics by means of the
so called realised beta. We therefore provide new evidence supporting the friction or sentiment
based view of commodity comovement. We interpret this to be additional evidence of financializa-
tion as the driver of the observed increase in commaodity return comovement.
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1 Introduction

Commodity futures markets have experienced a surge in participation by financial investors over the
past decade, as investors turn to commodities as a means to diversify their portfolios while maintain-
ing returns comparable to or better than the major stock indices (Cheng and Xiong| (2014)). Insti-
tutional investors and private wealth managers have long sought alternative asset classes to hedge
against inflation and systemic stock market fluctuations. Examples of these alternative asset classes
include traditional investments such as real estate, private equity, and hedge fund investments, as well
as more niche investments in art and other collectibles (Ankrim and Hensel|(1993)), Edwards and Liew.
(1999)), [Campbell (2008), IDimson and Spaenjers| (2011)). These asset classes are sought out given
their seeming low or even negative correlation with equity and bond markets. Before the early 2000s,
commodity markets also exhibited these characteristics; there is evidence that commodity markets
were at least partially segmented from both outside financial markets and each other. Working with
historic price data from 1982-2004, Erb and Harvey| (2006) demonstrated that commodities in differ-
ent sectors had little price correlation with each other, while|Gorton and Rouwenhorst| (2006) showed
that commodity futures returns were actually negatively correlated with equity and bond returns over
the 1959-2004 period.

The value of commodities investment is two-fold: commercial participants in the commodities mar-
ket (those physically involved with the production and consumption of commodities) use commodity
derivatives markets to hedge against future price fluctuations, while non-commercial market partic-
ipants utilize commodities solely to improve or diversify their portfolios (Cheng and Xiong| (2014)).
The attractiveness of commodities as a hedging mechanism for non-commercial market participants
is augmented by the generally high returns provided by investing in commodity futures contracts;
Gorton and Rouwenhorst (2006) show that both the average annual return and return volatility from
commodities is comparable to that from the S&P 500 over their 1959-2004 dataset. The number
of these non-commercial market participants seeking portfolio diversification expanded rapidly in the
early 2000s following the collapse of the equity market in 2000. Many financial institutions and in-
dexers promoted commodities as a new asset class, and as a result, billions of investment dollars
flowed into commodity markets from financial institutions, insurance companies, pension funds, foun-
dations, hedge funds, and wealthy individuals. Particularly striking was the increase in popularity
of commodity indices (including the Standard & Poor’s Goldman Sachs commodity index, the Dow
Jones-UBS Commodity Index and the Thomson-Reuters Commodity Index), which allowed for ready
access to the commodities market by a wide range of financial players (Irwin and Sanders| (2012),
Masters| (2008), and /Adams and Gluck| (2015)).

Perhaps unsurprisingly, such large index investment flow had a measurable impact on the be-
haviour of commodities markets. Analysts studying commodity price fluctuations found increasing
correlations between the returns on different classes of commodities post-2004, suggesting that com-
modity markets were becoming less segmented from each other (Tang and Xiong| (2012), [Hamilton



and Wu| (2014), Gilbert| (2010), Daskalakis et al.| (2014)). This, in turn, led to speculation about the
negative effects of the "financialization" of commodity markets, here defined to mean the excessive
role of financial markets, financial actors, and financial institutions in commodities markets (Cheng
and Xiong| (2014) and (Cheng et al.|(2014) offer empirical investigations of financialization; [Basak and
Pavloval (2014) offer a theoretical treatment of financialization of commodities). In particular, a syn-
chronized boom and bust cycle in 2007 and 2008 was observed in several commodities across the
energy, metal, and agricultural sectors. Given that commodities are often core inputs to production
processes or consumptive goods (food price volatility was a major concern), the potential negative
impact of this increased financialization became a serious public policy concern (Masters, 2008).
However, the underlying cause of the observed increase in commodity price comovement remains
a question of considerable debate. While some argue that the increased price correlation is due to
this commaodity financialization phenomenon and the impact of increased speculative activities (e.g.
Tang and Xiong (2012),/Cheng et al.|(2014), [Hamilton and Wu|(2014), and|Adams and Gluck (2015)),
others maintain that the concurrent movements can be explained by fundamental supply and demand
(Krugman| (2008), [Stoll and Whaley| (2010), [Irwin et al.| (2009) and [Fattouh et al.| (2013)). Still others
have argued for a combination of these explanations, where increased speculative activity acts as an
enhancer, but not a fundamental driver, of commodity and equity return comovements (Bruno et al.
(2015)).

This paper provides further evidence for the commaodity financialization view through an analysis
of the drivers of the observed commaodity price comovement, based upon the theory of comovement
proposed by Barberis, Shleifer and Wurgler (2005). In particular, we investigate the difference be-
tween index and off-index commodities considering 25 commodities (no pooling), with the aim of
complementing the work by [Tang and Xiong| (2012). The difference between index and off-index
commodities is the focus of this analysis because index investors tend to move in and out of all com-
modities in a given index at the same time (as these investors tend to focus on their portfolio allocation
between commodities in general and other asset classes such as equities and bonds). Barberis and
Shleifer’s (2003) findings on ’style investing’ would suggest that changes in funds allocation could
cause the prices of commodities included in the fund or index to move together. Thus one would
expect price comovements of commodities included in an index to be greater than comovements of
off-index commodities. Barberis et al.| (2005) observed this in the equity market, finding that a stock’s
listing on the S&P 500 could significantly increase its return correlation with the index.

Motivated by these studies, we test these alternative theories of comovement and exploit changes
in the return comovement of index and off-index commaodities futures in the Unites States market with
three of the most popular commodity indices in order to provide new evidence of the financialization
process. Our contribution to the literature on the commodity financialization is two fold. First, we
investigate the drivers of the commodity financialization process testing the theories of investment
behaviour suggested by Barberis et al.| (2005) but using a different argumentation. |Barberis et al.



(2005) propose an alternative driver for the comovement observed amongst stocks included in the
S&P 500. Traditionally, comovement in prices is interpreted to reflect comovement in fundamentals
value. [Barberis et al.| (2005) propose an alternative theory in which comovement arises when in-
vestors group assets in categories and trade at the category, rather than individual asset level, or
when traders choose to trade only a subset of the available assets (referred to for the remainder of
this paper as the 'category/habitat’ or 'sentiment’ view).

We argue that the financialization of commodities and the availability of new, commodity-related
investment instruments had an effect on commodity returns similar to that of a stock’s inclusion in
a major index: comovement with the in-the-index commaodities increases and comovement with the
off-the-index commodities decreases. We test this hypothesis through a series of univariate and
bivariate regressions, examining two time periods: 1998-2004 (pre-financialization) and 2005-2011
(post-financialization). The choice of 2005 as the breakpoint is innocuous; it was chosen as it is gen-
erally agreed in the literature that the increased price comovements between various commodities
started after 2004 (Tang and Xiong (2012)) The aim is to search for changes in the return comove-
ments between the three main commodity indexes (Standard & Poor's GSCI, the Dow Jones-UBS
Commodity Index, and the Thomson-Reuters Commodity Index) and commodities included and not
included in the indexes. An increase in price comovement between index commodities and the index
indicates the existence of a category/habitat view; we interpret this to be evidence of financialization.

In the univariate regressions, we observe a significant increase in comovement between index
non-energy commodities and index starting in 2005. For off-index commodities, either no change or a
significant decrease in comovement is observed. Thus after 2005, two distinct groups of commodities
emerged - financialized commodities (those included in the major indices) and non-financialized com-
modities (off-index commaodities). These results were corroborated and more finely tuned through the
bivariate regressions: again index non-energy commodities exhibit an increase in comovement with
the index while off-index commodities do not exhibit increased comovement with the index. While we
interpret these results as evidence of increased financialization post-2005, alternative explanations for
the regression findings include non-trading effects (i.e. that the comovement results could have a spu-
rious upward bias due to the greater liquidity and increased trading activity of index commodities) and
characteristic effects (i.e. that all commodities included in the indices share a common characteristic
and that characteristic increases with time). We explicitly test for both of these effects and find that
their impact is likely to be minimal. We also re-run the regressions for an earlier (pre-financialization)
period and find no evidence of an increase in comovement between index or non-index commodities

and the indices, which provides further support for the finacialization interpretation.

'It should be noted that some authors argue that the shift in correlations between commodities and equities and between
commodities did not begin until 2008 (e.g./Adams and Gluck| (2015) and |Buyuksahin and Robe| (2014)). While we maintain
that evidence of increased comovement can be seen before the financial crisis, changing the cut-off date to 2008 does not
materially change the results of our analysis. Data on univariate regressions run for the pre-/post-2008 periods is available
upon request.



Our second major contribution to the literature is that, relying on the availability of high-frequency
data, we can go one step beyond daily price regressions and calculate the so called realised beta
between each commodity and the index. These realised beta calculations are used to further test for
the presence of financialization in commodity markets post-2005. We observe a statistically significant
increase in realized betas of index non-energy commodities and index, and a smaller or non significant
increase in realized betas of off-index non-energy commodities and index. These results support
the regressions on daily returns and indicate that on average, realized betas of index commodities
increase after 2004. Moreover, this increase in realised betas tells us that the increase in return
comovement can be seen not only at a daily frequency, but even at intra-day levels. This provides
further evidence that the increase in comovement observed is not related to changes in fundamentals
and instead represents an increase in commodity financialization.

It is also worth noting that our empirical findings of increased comovement between index com-
modities and the index are in line with the predictions of a fully-rational theoretical model developed by
Basak and Pavloval (2014). |Basak and Pavloval (2014/,2013) develop a theoretical model that features
institutional investors (who care about their performance relative to a commodity index) alongside
traditional commodity futures market participants and demonstrate that this addition of institutional
investors can lead to an increase in correlation amongst commodity futures. Although additional
empirical work is necessary to explicitly test the predictions of this alternate model of commodity co-
movement, it is interesting to note that the empirical behaviour we observe could potentially also be
explained by a fully-rational model of investor behaviour, in addition to the behavioural model analysed
here.

The first part of Section |2]is devoted to the discussion of the theory of comovement and the de-
scription of the testable predictions. Results of the univariate and bivariate regressions are dealt with
in the second part of Section [2| while the final part of this section considers alternative explanations
for the results of the regressions and provides robustness checks. Section (3| concludes the empiri-
cal analysis presenting the results of the test for the presence of financialization in commaodity using
realised betas. Section 4] concludes.

2 The Theory of Comovement and the Empirical Tests

The primary goal of this work is to explore the drivers of the observed increase in commodity return
comovement pre- and post-2005, drawing from the theory of comovement proposed by Barberis
et al| (2005). In this section, we introduce Barberis, Shleifer and Wurgler’s take on comovement and
introduce the testable predictions that will form the basis of our analysis.

The backbone of the analysis is a comparison between the return dependence structure for com-
modities included in major commodity indices (hereafter index commodities) and those not included
in these indices (hereafter off-index commodities). We explore differences between index and off-



index commodities because of the rise in commodity index fund (as well as ETF) investing following
the 2000 crash in the equity market. The potential issue with increased cash flows to index funds
is that index investors tend to move in and out of all commaodities in a given index at the same time
(as these investors tend to focus on their portfolio allocation between commodities in general and
other asset classes such as equities and bonds). Changes in funds allocation can thus cause com-
modities in the fund to move together (Barberis and Shleifer| (2003)), meaning that one would expect
price comovements of commodities included in an index to be greater than comovements of off-index
commodities.

Barberis et al.|(2005) formalize this potential driver of return comovement. According to traditional
theory, comovement in prices should reflect comovement in fundamental value (the asset’s discounted
future cash flows for stocks and the supply-demand balance for commodities). Barberis, Shleifer, and
Wurgler postulate that in economies with less than perfectly rational investors, comovement can be
delinked from fundamental values when investors group assets in categories and allocate funds at
category level rather then at individual asset level (the category view) or when traders choose to
trade only a subset of all available asset (the habitat view). They test this by investigating whether the
inclusion of a stock to the S&P 500 (index) leads to a shift in the dependence structure of returns.

In this analysis, we reproduce Barberis, Shleifer, and Wurgler’'s reduced-form model of comove-
ment. We consider an economy with 2n commodities. Each commodity i represents a commodity
futures contract. These contracts are never held until physical delivery but each time before maturity,
are rolled over to the next available liquid contract. Suppose that, to simplify their decision-making,
investors group the 2n commodities into two categories, IN D and OF'F', and then allocate funds at
the level of these categories rather than at the individual commodity level. It may be helpful to think
of IND and OF'F as index and off-index commodities, respectively. Suppose now that investors
channel funds in and out of the categories depending on their sentiment.

A simple representation for commodity returns is then:

APy =€+ +Aurnpy, 1€ IND, (1)
APy = €1+ Auorry, j € OFF. 2)

where uryp: and uorr; are jointly normally distributed with means zero and same variance o2,
AP;; = P,;—P; ;1 where P, ; are log-prices; and Ae; = (Aeqy, ..., A€z t) ~ N(0,X),i.i.d. over time.

Here ¢;; is an idiosyncratic term denoting the flow of news for commodity ¢ related to funda-
mentals (demand and supply); urnp, can be thought of as time t index trader sentiment about the
commodities in category IN D, e.g. the commodity index. Since the index traders allocate funds by
category, this sentiment level is the same for all commodities in category I N D. Equation (1) says that
the return on a commodity in category IN D is affected not only by news ¢ but also by the change in
sentiment about /N D, Aurnp¢; when index traders become more bullish about index commodities,
the commodities in the index go up in price. The same applies for commaodity in category OF'F.

To uncover evidence on the alternative theory of comovement (category and habitat) we look



for testable predictions. Let’s start with Prediction [1|in [Barberis et al.| (2005), which describes what
happens when a commodity is added to an index (i.e. moves from OFF to IND) in a univariate
regression.

Prediction 1. Suppose that the commodity |, previously a member of OF'F', is now classified into
IND. Then for a large number of commodities n, the probability limit of the OLS estimate of 3; in the
univariate regression

APj; = o+ B;APINDt + Vg, (3)

where

1
APiND: = - Z AP,
IEIND

as well as the probability limit of the R? of this regression, increase after reclassification.

In other words, the presence of commodity j in category IN D increases the covariance of its
return with the return on the category. The intuition behind this is relatively straightforward: when
commodity j enters category I N D, itis hit by index traders’ flows of funds into and out of the category,
which increases the covariance of its return with the return of category IND (APrnyp,) and hence
also its beta loading on that return.

We now introduce Prediction [2) from [Barberis et al.| (2005), which describes what happens when
a commodity is added to an index in a bivariate regression:

Prediction 2. Suppose that the commodity |, previously a member of OF'F', is now classified into
IND. Then for a large number of commodities n, the probability limit of the OLS estimate of 3; 1np

in the bivariate regression

APj; = o+ B iINDAPIND ¢ + Bj,0rFAPOFF: + nujy (4)
rises after reclassification while the probability limit of the OLS estimate of 3; o rr falls.

This simply says that when a commodity enters the I N D category, it becomes more sensitive to
the I N D category sentiment shock, Auryp ¢ from Equation . This second prediction is important
because the independent variable in the Prediction m regression, APrnp,, is not a clean measure
of this sentiment shock: as Equation shows, a substantial part of its variation comes from news
related to the commodity fundamentals, ¢;. The APorr, variable in the regression of Prediction
can be thought of as a control for such news, making the coefficient on APrxp; a cleaner measure
of sensitivity to Aurnp,;.

Barberis et al| (2005) use the bivariate regression test described by Prediction [2] to test whether
the inclusion of a stock to the S&P 500 (index) leads to a shift in the correlation structure of returns.
The alternative theory implies that, in a bivariate regression of the stock’s return on both the S&P
500 index and non-S&P "rest of the market" index, when a stock is added to the index, the S&P beta



should increase and the non-S&P (rest of the world) beta should decrease. Conversely, when a stock
is removed from the index, the S&P beta should decrease and the non-S&P (rest of the world) beta
should increase. Moreover, given the growing importance of the S&P 500 as both a category and a
habitat, the changes in comovement should be stronger in more recent data. Barberis and colleagues
find that these predictions hold true for stock returns from 1976-2000.

In this study, we run an analogous analysis for the commodities market, examining the difference
between returns of commodities included in the three major commodity indices (Standard & Poor’s
GSCI (S&P GSCl), the Dow Jones-UBS Commodity Index (DJ-UBS) and the Thomson-Reuters Com-
modity Index (Thomson-Reuters Cl)) and those not included in the indices. To test the model predic-
tions on a group of commodities, three conditions are required:

i the group must be a natural category or preferred habitat for investors;

i since the predictions focus on "reclassification”, there must be clear and identifiable changes in
commodity group membership; and

iii to control for fundamentals-based comovement, a commodity’s inclusion or removal from the
index should not change investors’ perception of the correlation of the commodity’s fundamental
value with the fundamental values of other commodities in the index.

Stocks in the S&P 500 index satisfy all three conditions. For the case of commodity indices, the
situation is slightly more complex and needs to be discussed further. We now examine each one of
the three requirements to assess to what degree they are satisfied and discuss associated impacts
for our analysis:

(i) Commodity indices must be a natural category or preferred habitat for investors. Commaodity
indices have indeed become a preferred category/habitat for investment due to the changing nature of
commodity futures market participation. As alluded to previously, over the last decade there has been
a large inflow of investment capital from investors looking to commodities for diversification purposes
as part of a broader portfolio strategy as opposed to commercial commodity market participants
looking to hedge spot-price risk (Cheng and Xiong| (2014) and |Adams and Gluck| (2015)). These
investors tend to treat commodity futures as an asset class just like stocks and bonds, and often
invest in financial instruments linked to the large commaodity indices. Analogous to the S&P 500 index,
the considerable popularity of the products linked to commaodity indices suggests that the indices are
a preferred habitat for some investors (i.e. a subset of securities that the investors choose to trade
exclusively) and a natural category for many more (i.e. investors allocate funds to the index rather
than at the individual asset level).

(ii) There must be clear and identifiable changes in commodity group membership. For stocks
in the S&P 500, there are clearly identifiable entry and exit dates and thus identifiable changes in
group membership. Moreover, there is enough turnover in membership (30 changes in a typical
year) to perform a traditional event study. While in principle commodities indices also possess clear



and identifiable turnover in membership, the trading history and membership turnover does not allow
us to perform a proper event study as in Barberis et al.| (2005). Since the creation of the major
commodities indices, only a few commodities have been added, while the main core of the indices
have remained unchanged Thus there is not a robust enough dataset of commodity entry and
exit from the indices to perform an event study based on individual commodity entry and exit dates.
However, a turning point in investment activity can still be identified. Although commodity indices
have existed since the early 19903E]the inflow of investment funds increased dramatically only after
2004 (Tang and Xiong (2012), Basak and Pavlova (2014)). We therefore consider 2005 as turning
point for the financialization of commodities as it marks the increase of inflow capital, which triggered
the increase in commodity comovement. Thus a single time point is used, pre- and post-2005, in line
with previous analysis (Tang and Xiong| (2012)).

(iii) A commodity’s inclusion or removal from the index should not change investors’ perception of
the correlation of the commodity’s fundamental value with the fundamental values of other commodi-
ties in the index. For the S&P 500, the stated goal of the index is to be representative of the broader
U.S. economy, not to signal a view about future cash flows. Analogously, commodities indices aim to
represent the commodities futures market as a whole and thus inclusion of a commaodity in an index
should not signal anything about the commodity’s fundamentals.

2.1 Data

We consider a total of 25 commodity futures traded in the United States market[f] Table [1] presents
these commodities along with their sector, ticker, the exchange in which they are traded, and their
weight in the three major indices considered here: S&P GSCI, the DJ-UBS commodity index, and
the Thomson-Reuters commodity index. The S&P GSCI features 18 US commodities, and offers the
least diversified investment exposure of the big three. It is heavily weighted towards energy, mostly
oil. The DJ-UBS commodity index includes 16 US commodities with specific minimum and maximum
weightings; a commodity should have at least a 2% weighting and a maximum allocation of 25%. The
Thomson-Reuters was first calculated by Commodity Research Bureau in 1957 and of the three is
unique in that all 17 US commodities included are weighted equally at 5.88% per component.
Futures data is in continuous format. Close to expiration of a contract, the position is rolled over
to the next available contract, provided that activity has increased. Our dataset spans the period from
April 9, 1998 to March 24, 2011 for a total of 3,222 trading days, using 1-minute frequency dataE] In
order to guarantee that our results are based on overlapping time periods, we only consider trades

2For instance, Soybean Meal was included in DJ-UBS starting from January 2013. See DJ-UBS index weblink,

8S&P GSCl has existed since 1991 and DJ-UBS has existed since 1998.

4Since Kansas Wheat has positive weight for S&P GSCI but it is not available in our sample, we allocate its weight to
the Chicago Wheat.

5The minute frequency data is constructed using the last price that occurs in the minute using data provided by Disk

Trading.


http://press.djindexes.com/index.php/2013-weights-for-the-dow-jones-ubs-commodity-index-announced-by-sp-dow-jones-indices-and-ubs-investment-bank/

that occurred between 10.30 and 14.00 NYTE] Daily returns close-to-close are constructed by taking
the differences of the log-prices available for each commodity at 14.00. Taking the ’official’ end-of-day
closing price for each commodity would have distorted the returns comovement measurement be-
cause markets do not all close concurrently and have different rules for determining their ‘settlement’
price.

As shown in Table[1] Soybean meal, Rough Rice, Oats in the 'Grains’ sector; Lumber and Orange
Juice in the 'Softs’ sector; and Pork Bellies in the ’Livestock’ sector are commodities not included
in any of the indices. These commodities are always included in the ‘off-index’. Note that other
commodities do appear in some indices but not in others. These are RBOB Unlead Gas (not in
Thomson Reuters), Soybean oil (not in S&P GSCI), Cocoa (not in Dow Jones UBS), feeder cattle
(only in S&P GSCI) and Platinum (only in Thomson-Reuters). As described later, these commodities
are included in the corresponding ‘off-index’ as well.

2.2 Univariate regressions

We begin by testing the commodity comovement hypothesis through a univariate regression, de-
scribed by Prediction |1} If Prediction|1|holds, index commodities display an increase in comovement.
Likewise, off-index commodities are not expected to show increased comovement with commodities
in the index. This is not to say that off-index commodities should show no comovement with the index.
Instead, comovement between off-index commodities and the index should be less than comovement
between the index commodities and the index, and comovement between off-index commodities and
the index is not expected to increase post-2005.
To test this, for each commodity we estimate the univariate regression

Rt = o + BiRomig + Vig

separately for the period before 1 January 2005 and after; where R; ; is the return of commodity ¢ at
time t and Roar, is the return of S&P GSCI or DJ-UBS Cl or the Thomson-Reuters Cl. We estimate
the change in the slope coefficient before and after January, 2005 (A3 = B,0st — Bpre) @and the change
in the R? (AR? = R2,,, — R2..) using three data frequencies (daily, weekly, and monthly). The first
period goes from April 9, 1998 to December 30, 2004, or 1,659 trading days. The second period
goes from January 3 2005 to March 24, 2011, or 1,564 days. Note that the chosen event date roughly
splits the sample in to series of the same length. The return of the index is calculated using the index
specific weights as in Table [1|and all commodities except the one being tested. Note that the sum of
the weights does not equal 1. This affects the value of the 3 coefficient but does not affect the test

statistics on A/

®Data are at 1-minute frequency covering the trading hours of the CME and CBoT. Globex trading information (i.e.

outside the markets trading hours) is at our disposal for major commodities only.
"Rescaling all weights so that they sum up to 1 while keeping their proportions to the remaining weights obviously leads

to a different 3 coefficient; the test value under the null that A is zero is unaffected.
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Commodity Ticker Exchange® S&P GSCI DJ-UBS Th.R

Energy WTI crude oil CL NYMEX 40.6 15 5.88
Heating Oil HO NYMEX 5.3 45 588
RBOB unleadgas XRB  NYMEX 4.5 4.1 -
Natural Gas NG NYMEX 7.6 16  5.88
Grains Corn C CME Group 3.6 6.9 5.88
Soybeans S CME Group 0.9 74 588
Chicago wheat w CME Group 3.7 34 588
Soybean oil BO CME Group - 29 588
Soybean meal SM CME Group - - -
Rough rice RR CME Group - - -
Oats 0] CME Group - - -
Softs Coffee KC ICE 0.5 27 5.88
Cotton CT ICE 0.7 22 588
Sugar SB ICE 21 28 588
Cocoa CC ICE 0.2 - 588
Lumber LB CME Group - - -
Orange Juice JO ICE - - -
Livestock Feeder cattle FC CME Group 0.3 - -
Lean hogs LH CME Group 0.8 25 588
Live cattle LC CME Group 1.6 41 5.88
Pork bellies PB CME Group - - -
Metals Gold GC NYMEX 1.5 6.1 5.88
Silver Sl NYMEX 0.2 24 588
Copper HG NYMEX 2.6 6.7 5.88
Platinum PL NYMEX - - 5.88

Table 1: Commodity futures traded in the United States (sector, ticker, exchange, and index weight data). The S&P GSCI
and DJ-UBS ClI also include commodities traded in London, which were not part of our analysis. The indices weights are
taken as of 2008. The Thomson Reuters is an equally weighted index.

“ NYMEX denotes the New York Mercantile Exchange; CME Group the Chicago Mercantile Exchange.
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This differs both from Barberis et al.| (2005) and previous analyses of the commodity financializa-
tion question (e.g. [Tang and Xiong| (2012)) in that we test Prediction [{] for each commodity. Barberis
et al. (2005) test the mean of 3s of the univariate regressions of all stock included in the index before
and after inclusion. [Tang and Xiong| (2012) rely on a pooled regression across commodities; the ef-
fect of financialization is captured by introducing two additional coefficients measuring the trend after
2004 for all commodities and for index commodities. Given the small sample of 25 commodities, it is
possible to analyse and discuss whether Prediction [1| holds case by case, i.e. for every commodity,
as is done here.

Table [2] reports the change in the slope coefficient and the change in R? of each of the com-
modity indices for the 25 commodities studied (using daily returns). A number of interesting features
are evident. First, we observe a statistically significant increase in comovement between index non-
energy commodities and heavy-energy indicesﬁ] (positive AB). We also observe a statistically sig-
nificant increase in comovement between index non-energy commodities and the equally weighted
index (Thomson reuters Cl) although it is less pronounced. Moreover, the increase in comovement
between off-index non-energy commodities and the index is smaller (soybean meal, rice, oats) or
statistically less significant (lumber and orange juice and pork bellies) than the index commodities.
These findings are in line with that expected from Prediction 1.

However, in contrast to the index non-energy commaodities, there is no increase in comovement
between the index energy commodities and the index (the A3’s observed are generally negative
and not statistically significant). This is potentially an indication of the presence of financialization of
specifically energy commodities pre-2005. This could also be an artefact of the fact that for the S&P
GSCI and UBS Dow Jones Cl, energy commodities represent by far the most weight in the index
(58% and 40%, respectively); we are essentially regressing the energy commodities on themselves.
Thus the regression coefficient of one energy commodity will be severely conditioned to returns on
the remaining three commodities. For these two energy-heavy indices we should thus not expect
significant changes in comovement. This is not the case for the equally weighted commaodity index
and begs an alternative explanation. Energy commodities display also high correlations since they
are either related to the same product (oil) or to the same market-wide shock (e.g. economic factors,
wars, geopolitical patterns). The observed results are thus in line with what we would expect. For the
energy-heavy indices, we do not expect to see big changes in their correlation structure due to an
increase in index trading. For the third index, we do not expect to see big changes in their dependence
structure due to their already significantly high correlation level.

Focusing back on the non-energy commodities, our results show, consistent with the finding in
Tang and Xiong| (2012) who uses Qil return as a proxy for index return, that index non-energy com-
modities increased their comovement with the commodities in the index (oil being the most important

8Energy commodities have by far the greatest weight in S&P GSCI and DJ-UBS Cl (58% and 40%, respectively - Table
[1), thus making them ’heavy-energy’ indices. The Thomson-Reuters Cl is an equally-weighted index and thus does not
assign preferential weight to the energy sector.
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in the index) as an effect of financialization. Having estimated a coefficient for each commodity, we
cannot comment on the magnitude of the increase for global index and global off-index commodities.

To confirm this and also isolate the comovement effect produced by Heating Oil, RBOB Unlead
Gas and Natural Gas, we repeate the analyses keeping Oil as the only energy commodity. When
considering exclusively oil for the energy commodities (Table[3), we obtain results in line with what we
find in the literature (Nazlioglu et al.| (2013) and |Sadorsky|(2014)). Namely, we observe a statistically
significant increase in comovement between non-energy commodities and "oil”, both index and off-
index. However, for off-index commodities, the increase in comovement is smaller. Specifically, for
the S&P GSCI we see a general beta increase across commodities. Note also that now Oil displays
a significant increase in comovement with respect to the other index non-energy commaodities (ASG =
3.40). For the other two indices, which have a lower or equal allocation in Qil, we see that except
for Lumber and Oats (in one case only for both), all off-index commodities do not display significant
increase in 3 or, for Pork Bellies, there is a significant decrease. Note also that Feeder Cattle is
off-index for these two cases and does not display any slope change.

Tables {4 and [5| report the results for weekly and monthly regressions, respectivelyE] As the
data frequency decreases (from daily to weekly to monthly), the financialization effect is observed
to weaken (AS’s decrease and become less statistically significant). This effect is reported in Bar-
beris et al.| (2005) as well. The predictions stemming from the alternative (sentiment-based) theories
of comovement imply a weakening of the 3 increase effect at sufficiently low frequencies. This is
because eventually index trader sentiment will revert or any slowly-diffusing information will be incor-
porated and in the end returns will be more closely tied to fundamentals.

To further supplement this analysis, it would have been interesting to test how commodity index
recompositions affect commodity prices and comovement. In a way, our use of three different in-
dices, each with different commodity weightings, already explores this question, as each index hosts
a unique composition. However we are not able to directly investigate the impact of time-varying,
continuous recomposition. To partially address this question, we performed a series of tests in which
the weightings of the commodities in the S&P GSCI were slightly changed each year (while keeping
the total weight constant). The results obtained with this index recomposition were not materially
different from the original results (data available upon request); the impact of index recomposition is
thus likely to be minimal.

In summary, starting in 2005, comovement between index non-energy commaodities and the index
has significantly increased, which suggests that index commodities have become less segmented
(indicating financialization). This result is in line with the findings presented in|Tang and Xiong| (2012).
For off-index commodities, either no change or a significant decrease in comovement is observed.
Thus after 2005, two distinct groups of commodities emerged - financialized commodities (those
included in the major indices) and non-financialized commaodities (off-index commodities). This is
comparable to the finding of two distinct groups of stocks by Barberis et al.| (2005) - stocks included in

®Weekly and monthly series are generated by taking the price in the last minute of the week and month, respectively.
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the S&P 500 and those not on the index. While Barberis and colleagues’ analysis was concerned with
the impact of being included in the S&P index (which was found to increase return correlations with
the index returns), here the focus was examining the difference in correlations between pre-2005 and
post-2005 returns. Index commodities exhibit an increase in comovement with the index post-2005
while non-index commodities do not, providing additional evidence for the financialization impact of

index investing on the commodities market.
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Table 2: Univariate regressions Table 3: Univariate regressions - Oil only

S&P GSCI DJ-UBS ClI Th. Reuters ClI S&P GSCI DJ-UBS ClI Th. Reuters ClI

Commodity AS AR? A AR? AB AR? Commodity A AR? AB  AR? | AB AR?
WTI crude oil 0.10 0.07 0.20 0.12 0.28 WTI crude oil 3.40 0.25 1.59 0.29 1.03 0.30
Heating Oil 0.01 0.11 -0.13 0.24 Corn 0.68 0.16 0.61 0.22 0.29 0.19
RBOB un. gas | -0.06 0.01 0.11 0.18 Soybeans 0.70 0.22 0.62 0.30 0.22 0.26
Natural Gas -0.13 0.00 -0.01 0.02 Chicago wheat | 0.61 0.12 0.44 0.16 | 0.30 0.16
Corn 0.52 0.15 0.54 0.19 0.39 0.21 Soybean oil 0.84 0.32 0.66 0.41 0.38 0.35
Soybeans 0.55 0.21 0.57 0.26 0.37 0.29 Soybean meal | 0.54 0.13 0.10 0.17 -0.07 0.15
Chicago wheat | 0.46 0.11 0.46 0.14 0.36 0.16 Rough rice 0.20 0.03 0.09 0.05 0.00 0.05
Soybean oil 0.67 0.31 0.65 0.37 0.53 0.39 Oats 0.46 0.09 0.00 0.11 - 0.10
Soybean meal | 0.42 0.12 0.36 0.17 0.12*  0.17 Coffee 0.44 0.08 0.48 0.13 | 0.15 0.15
Rough rice 0.16 0.03 0.16 0.04 0.07 0.05 Cotton 0.50 0.11 0.59 0.17 0.49 0.19
Oats 0.37 0.09 0.30 0.11 0.02 0.11 Sugar 0.63 0.10 0.79 0.15 0.55 0.15
Coffee 0.36 0.08 0.43 0.11 0.29 0.16 Cocoa 0.42 0.08 0.45 0.13 0.29 0.14
Cotton 0.37 0.10 0.39 0.12 0.43 0.17 Lumber 0.18** 0.01** | 0.22 0.02 0.14 0.02
Sugar 0.49 0.10 0.55 0.13 0.52 0.16 Orange Juice 0.17** 0.01 ™" | 0.19 0.02 0.11 0.02
Cocoa 0.32 0.08 0.35 0.1 0.31 0.14 Feeder cattle 0.13 0.03 0.08 0.02 0.00 0.01
Lumber 0.12**  0.01** | 0.12** 0.01* 0.11 0.02** Lean hogs 0.10 0.01 -0.12 0.01 -0.17 0.01
Orange Juice 0.13* 0.01** | 0.12* 0.02** | 0.09 0.02* Live cattle 0.19 0.05 0.20 0.07 | 0.15 0.07
Feedercatle | 0.10 003 | 0.06™ 002 | 001 0.02 Porkbellies | 0.06 000 |lS088 o.00 [FOMBN 002
Lean hogs 0.07 0.01 0.01 0.01 -0.10  0.01 Gold 0.34 0.14 0.33 0.17 | 0.21 0.19
Live cattle 0.14 0.05 0.12 0.05 0.12 0.07 Silver 0.76 0.20 0.83 0.25 0.66 0.24
Pork bellies 0.04 0.00 -0.03 0.00 ! -0.01 Copper 0.94 0.26 1.27  0.31 0.94 0.31
Gold 0.26 0.13 0.27 0.14 0.22 0.19 Platinum 0.50 0.18 0.52 0.26 0.42 0.27
Silver 0.59 0.19 0.63 0.21 0.63 0.24

Copper 0.73 0.25 0.80 0.25 0.86 0.31

Platinum 0.38 0.16 0.39 0.20 0.40 0.26

Reported are the 3 and R? values pre and post Januay 1, 2005 and their difference. Positive significant differences from zero at the 10% and 5% levels in two-sided tests,
respectively are denoted by * and **. Light gray cells denote that the difference is not significant at 10% level or higher; dark gray cells denote negative significant differences at
10% level. Rest significant at 1% level. Standard errors are computed using the White robust covariance matrix. Commodities in bold are those not included in any index.
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Table 4: Univariate regressions - weekly returns Table 5: Univariate regressions - monthly returns

S&P GSCI DJ-UBS ClI Th. Reuters ClI S&P GSCI DJ-UBS ClI Th. Reuters Cl
Commodity A3 AR? | AB AR? | AB AR? Commodity AB AR? | A3 AR? | AB AR?
WTI crude oil -0.31 0.09 | 0.03 o0.21 0.04 0.27 WTI crude oil 0.03 0.04 | 0.15 0.16 -0.19 0.15
Heating Oil 1024 0.2 017 | 007  0.30 Heating Oil 013 -0.01 | -0.12 015 | -009 026"
RBOB unleadgas | 0.02 0.07 | -0.06 0.15 -0.20 0.20 RBOB unleadgas | 0.00 -0.01 | 0.19 0.19 -0.28 0.17
Natural Gas -0.02 0.03 0.02 -0.24 0.06 Natural Gas -0.31  -0.01 | -1.04 -0.02 | -0.95 0.00
Corn 042 0.10 | 044 0.14 | 0.26 0.15 Corn 0.56 0.21* | 0.68 0.29 0.53* 0.29
Soybeans 058 024 | 055 027 | 0.33 0.32 Soybeans 0.70 025 | 0.69 0.32 0.57* 0.39
Chicago wheat 0.18 0.02 | 0.18 0.04 | -0.02 0.04 Chicago wheat 0.01 -0.03 | 0.00 -0.05 | 0.05 0.01
Soybean oil 0.77 033 | 076 042 0.70 0.48 Soybean oil 0.71 029 | 0.77 045 1.00 0.55
Soybean meal 0.37 0.13 0.24* 0.16 -0.07 0.15 Soybean meal 0.55 0.18 0.35 0.23" | 0.19 0.27
Rough rice 0.27 0.03 | 023 0.05" | 0.02 0.06" Rough rice 0.41 -0.01 | 0.39 0.08 | 0.15 0.06
Oats 0.41 0.10 0.41 0.14 0.21 0.15 Oats 0.54 0.19 0.66 0.31 0.75 0.34
Coffee 0.57 0.13 | 060 0.17 | 040" 0.23 Coffee 0.44* 0.07 | 0.59 0.13 0.58* 0.19*"
Cotton 040 0.10 | 047 0.14 | 0.55 0.21 Cotton 0.33 0.08 | 038 0.12 | 037 0.18
Sugar 0.20 0.03 | 024 0.06" | 0.01 0.07 Sugar 023 0.08 | 037 0.05 | 046 0.07
Cocoa 0.50 0.10 | 062 0.15 0.55 0.21 Cocoa 0.15 0.03 | 0.37 0.06 | 052 0.14
Lumber 0.10  0.01 0.17  0.02 0.23 0.04* Lumber 040 0.13 | 060 0.13" | 0.67* 0.18"
Orange Juice 0.21 0.02 0.23*  0.04 0.14 0.04 Orange Juice 0.46 0.07 0.66 | 0.16 0.86 0.14
Feeder cattle 0.18 0.05* | 0.16  0.05* | 0.17*  0.05" Feeder cattle 0.04 0.01 0.03 0.01 0.04 0.02
Lean hogs 0.07 0.00 | 0.03 0.00 0.12 0.00 Lean hogs -0.27 0.04 | -028 0.03 | 0.04 0.01
Live cattle 0.17  0.07 0.17* 0.08 0.22 0.10 Live cattle -0.06 -0.02 | -0.04 -0.01 | -0.10 -0.01
Pork bellies 0.11 0.00 | 0.00 0.00 -0.34 -0.02 Pork bellies -0.38 0.04 | -0.57 0.03 - -0.01
Gold 043 023 | 043 024 | 0.36 0.28 Gold 020 0.08 | 019 0.08 | 0.18 0.12
Silver 0.78 0.27 | 0.81 0.30 0.73 0.32 Silver 0.60 0.19 | 0.78 0.26 0.82 0.29
Copper 071 027 | 076 0.28 0.66 0.31 Copper 0.67 0.24* | 0.68 0.20" | 0.67 0.22
Platinum 0.49 0.27 0.52 0.33 0.44 0.36 Platinum 0.26 0.14 0.33 0.22* | 0.26 0.28

Reported are the 3 and R? values pre and post Januay 1, 2005 and their difference. Positive significant differences from zero at the 10% and 5% levels in two-sided tests,
respectively are denoted by * and **. Light grey cells denote that the difference is not significant at 10% level or higher; dark grey cells denote negative significant differences at
10% level. Rest significant at 1% level. Standard errors are computed using the White robust covariance matrix. Commaodities in bold are those not included in any index.



2.3 Bivariate regressions

We continue our empirical analysis by testing the commodity comovement hypothesis using a bivari-
ate regression, described by Prediction As discussed in Section 2, the s calculated from the
univariate regressions are not clean measures of sentiment shock. Some of the covariation will be
caused by news related to the commodity fundamentals (the traditional explanation for comovement)
in addition to the covariation caused by commodities being in the same category or investment habitat
(the alternative sentiment-based theories for comovement tested for here). In the bivariate regression,
two independent variables are used: one for the returns of index commodities (3; rxyp) and one for
the returns of off-index commodities (3;, 0 rr). The inclusion of an "off-index’ commodity index acts to
control for such news about commaodity fundamentals, thus making 3; ;xp @ much cleaner measure
of sentiment-based comovement. The variable representative of the off-index commodity returns was
created by equally weighting the returns of all the off-index commodities studied here. As a reminder,
the six commodities not included in the indices are always included in the ‘off-index’: Soybean meal,
Rough Rice, Oats in the 'Grains’ sector; Lumber and Orange Juice in the 'Softs’ sector; and Pork Bel-
lies in the ‘Livestock’ sector. The commodities that are included in some indices but not in otherd™|
were included in the ’off-index’ corresponding index.

If Prediction 2 holds, returns of index commodities will tend to display an increase in comovement
with the other index commodities and a decrease in comovement with the off-index, when controlling
for the returns of off-index commodities. In other words, the presence of commodity ¢ in the index
(IND) increases the covariance of its return with the return on the index and hence also its beta
loading on the index return, 3; ;np. At the same time, it decreases the covariance of its return with
the return on the off-index commodity index (OF F) and hence also its beta loading on the off-index
return, 3, orF.

To test this, for each commodity we estimate the bivariate regression:

Riy = i + BiiNnpRiNDt + BiorrRorr: + Vig

where

1 m
Rorrt = o ;ka k¢ IND

and I N D denotes the set of commodities included in an index. For ease of exposition, we restricted
our analysis to a daily return frequency.

The results of this bivariate regression are presented in Table [6l The first feature of note is that
there is a statistically significant increase in comovement between index non-energy commodities
and the index (B;np is generally increasing), as seen in the univariate regressions. Examining the
off-index regression coefficients for the same commodities, we see that while Sprp is significant
and increasing for the indices with heavy Qil allocation (S&P GSCI and UBS-DJ ClI), no significant

®RBOB Unlead Gas (not in Thomson Reuters), Soybean oil (not in S&P GSCI), Cocoa (not in Dow Jones UBS Cl),
feeder cattle (only in S&P GSCI) and Platinum (only in Thomson-Reuters Cl)
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change in Sorr is observed for the equally weighted Thomson-Reuters index. This may be because
the indices heavily weighted in oil cannot adequately capture price changes in non-energy commodi-
ties (given that 40-60% of the index is comprised of energy commodities); these price changes are
instead captured by the off-index returns. Thus when comovement between the index commodity
and the index increases, the comovement with off-index commodities also increases. The increasing
Borr observed for the S&P GSCI and DJ-UBS Cl indices is therefore most likely an artefact of the
composition of the index and not an actual increase in correlation with the off-index returns. When
an equally weighted index is used, only the comovement between an index commaodity and the index
increases; the comovement with the off-index commodities does not change.

The second major finding is that, in contrast to the results of the univariate regression, commodi-
ties that are off-index do not display an increase in  with the index and also do not show a significant
increase in comovement with the off-index returns. Hence, off-index commodities do not display any
change in comovement. This suggests that off-index commodities remained partially segmented from
each other post-2005 while the index commodities experienced a significant increase in comovement.
This provides evidence for the financialization of U.S. commaodity markets post-2005.

Finally, as observed in the univariate regressions, the index energy commodities do not exhibit
the same behaviour as the index non-energy commodities. While for the index non-energy commaodi-
ties generally exhibit significant, positive AGryp values, the AG’s for index energy commodities are
generally negative and not statistically significant. This is potentially an indication of the presence of
financialization of specifically energy commodities pre-2005. However, this observation could also be
an artefact of the fact that for the S&P GSCI and DJ-UBS ClI, energy commodities represent by far
the most weight in the index (58% and 40%, respectively). This heavy energy weighting could signifi-
cantly skew any measurement of covariation between an energy commodity and the index. Thus the
apparent differences between energy and non-energy commodities must be interpreted with care.

In summary, the bivariate regressions demonstrate that for those non-energy commodities that
are included in a commodity index, comovement with the index increased after 2005. Off-index com-
modities, on the other hand, do not exhibit increased comovement with the index or the ’off-index’
commodities index. These findings are in line with that expected from Prediction 2. However, accord-
ing to Prediction 2, for index commodities we should also observe a decreasing comovement with
the ’off-index’ (decreasing Borr). We observe either an increase in Sorr (for the oil-heavy com-
modities, explained above) or no change. Thus while some of these results hint at the influence of
financialization, we cannot confidently interpret the bivariate off-index findings as definitive evidence

for or against financialization.
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Table 6: Bivariate regressions

S&P GSCI DJ-UBS ClI Th. Reuters Cl
Commodity Apmt ApetE | Agind ApRTE | AT ABRSS
WTI crude ol [\SOMANN 0.40 0.07 046 024 |02
Heating Oil -0.24 0.07 0.22 -0.06 -0.12
RBOBun. gas | -0.05  0.12 012 022 [H0828 0.29
Natural Gas -0.12 -0.17 -0.14 -0.30 -0.23
Corn 0.18 0.22 0.29 0.20 0.33 0.09
Soybeans 0.20 0.11 0.31 0.16 0.32 0.07
Chicago wheat | 0.16 0.26 0.25 0.22 0.33 0.05
Soybean oil 0.50 0.10 0.51 0.04 0.47 0.10
Soybean meal | 0.21 0.07 0.27 0.04 0.13 -0.02
Rough rice 0.05 0.02 0.09 0.01 0.11 -0.05
Oats 0.15 0.08 0.19 0.05 -0.05 0.14
Coffee 0.21 0.23 0.29 0.16 0.22 0.13
Cotton 0.17 0.31 0.21 0.34 0.38 0.09
Sugar 0.36 0.24 0.43 0.22 0.48 0.06
Cocoa 0.21 0.13 0.31 0.03 043 |02
Lumber 0.04 0.13 0.05 0.08 0.07 0.06
Orange Juice | 0.06 0.13 0.08 0.07 0.05 0.07
Feeder cattle 0.10 -0.02 0.06 -0.01 -0.01 0.03
Lean hogs 0.02 - 0.02 - 0.23 -
Live cattle 0.08 0.09 0.04 0.09 0.10 0.04
Pork bellies -0.01 -0.02 -0.07 -0.02 -0.32 0.06
Gold 017  0.14 019  0.14 028 [0
Silver 0.37 0.41 0.42 0.42 0.64 -0.02
Copper 0.54 0.38 0.61 0.40 0.80 0.11
Platinum 0.28 0.19 0.30 0.19 0.38 0.03

Bivariate regressions. Positive significant difference from zero at 10% and 5% level in two-sided test are denoted by * and *x respectively. Dark grey cell negative and significant
at the 10%; light grey cell denote difference is not significant at the 10%. Rest significant at 1% level. Commodities in bold are those not included in any index.



2.4 Alternative explanations and robustness checks

We now consider some alternative explanations for the results of the univariate and bivariate regres-
sions. In their analysis of sentiment-based comovement and the S&P 500, |Barberis et al| (2005)
describe two possible alternative explanations for the observed change in comovement after a stock
is included in the S&P index: non-trading effects and characteristic and demand effects. Here we
discuss how these alternative explanations could impact our analysis of the commaodities market.

Non-trading effects

The first alternative explanation we explore is the potential impact of 'non-trading effects’. The basic
premise of this argument is that since index commodities are generally more liquid and more fre-
quently traded than off-index commaodities, the correlation results might have some spurious upward
bias. To see this, assume that some important commodity market information is revealed toward the
end of the trading day. It might be the case that index commodities futures, being more liquid, will
trade again before the end of the day and thus assimilate such information. On the contrary, off-index
commodities, trading less often, might not trade again before the end of the day. As a result, returns
R; ; on off-index commodities will not reflect such news and the regression of R;; on R;np, would
produce an artificially low slope coefficient.

We address this possible issue in two ways: by restricting the trading time analysed and inves-
tigating changes in trading activity. First, recall that in our analyses we considered the day trading
time going from 10:30 to 14:00. This is the overlapping period in which all commodities futures trade
across different US markets. Restricting ourselves to the overlapping trading day should reduce the
occurrence of non-trading since it is likely that off-index commodities also trade frequently during this
time. Had we chosen a different period, non-trading effects would be surely observed for commodities
with a narrower trading day. In addition, in recent years, trading across the clock has become possible
and has consistently increased in volume. This means that in our setup, any news arriving after 14:00
will be reflected in next day’s price thus further increasing the likelihood that all commodities trades
on that information.

To explicitly test for the impact of 'non-trading’ effects, we investigate the average daily contract
volume of each commodity pre- and post-2005. According to the non-trading effect hypothesis, we
observe an increase in 3 simply because an index commodity trades more frequently than the off-
index one. In order to test this hypotheses, we consider, for each commodity, the average daily
contract volume from 1998 to 2011 as a measure of how frequently the commodity is traded. Table[7]
reports the direction of the change in average daily contract volume post 2005. Consider the case of
Grains. All of the commodities in this sector but Oats show an increase in the daily contract volume
in 2005-2011 compared to 1998-2004. Although all of the grain commodities show an increase in
daily contract volume, the index commodities (corn, soybeans, wheat, and soybean oil) experienced
an increase in comovement after 2005 while the off-index commodities (soybean meal, rough rice
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and oats) did not experience an increase in comovement with the index. We consider this to be
evidence of commodity (grain) financialization; non-trading effects cannot explain the results of our
daily-frequency regressions.

Grains Corn / Energy WTI crude oil /
Soybeans /! Heating QOil /
Chicago wheat RBOB unleaded gas®
Soybean oil e Natural Gas /
Soybean meal
Rough rice /S Livestock Feeder cattle /!
Oats N Lean hogs /
Live cattle /
Softs  Coffee e Pork bellies AN
Cotton e
Sugar / Metals Gold /
Cocoa / Silver /
Lumber S/ Copper /S
Orange Juice Platinum e

Table 7: Change in daily contract volume after 2005. *\ indicates a decrease in average daily contract volume in 2005-
2011 compared to 1998-2004. " indicates an increase in average daily contract volume. Commodities in bold are those
not included in any index.

a RBOB unleaded gas daily contract volume series is incomplete.

Source: Quandl.

Characteristic and demand effects

When considering the case of stock inclusion in the S&P 500 index, characteristic and demand effects
describe the idea that the increase in comovement could arise if the stocks in the S&P 500 index
differ from other stocks in terms of some characteristic, and the stocks Standard & Poor’s chooses
to include are those increasingly demonstrating that characteristic. If that characteristic happens to
be associated with a cash-flow factor, the presence of the common characteristic could explain the
increase in comovement of the returns. For stocks, one such characteristic is size (as stocks Standard
& Poor’s chooses tend to be growing in size prior to inclusion). In our case, one could argue that index
commodities are those commodities that better reflect the entire economy and cover the entirety of
the world production.

Barberis et al.| (2005) address this competing explanation with a matching exercise. For each
event stock included in the S&P during the sample period, they search for a "matching" stock, drawn
from the same industry as the event stock and in the same size range at the time of inclusion, but
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which is not included in the index. We perform a similar 'matching’ exercise by comparing the returns
of soybeans (included in the main indices), soybean oil (again, indexed), and soybean meal (off-
index). Soybeans and their derivative products are chosen as a case study given that the processing
of soybeans necessarily results in the production of both soybean meal and soybean oil. Soybean
meal is a solid residue by-product, flour, created after grinding the soybean to extract soybean oil.
Thus the total supply of each derivative commodity will always remain constant relative to the other,
meaning that prices of both soybean meal and oil are primarily influenced by the total supply/demand
for soybeansE] This should make the three soybean products good matching commodities - they
likely exhibit the same financial characteristics.

Recalling the results in Table [2, we observe that the off-index commodity, soybean meal, exhibits
much smaller shifts in betas than the indexed soybeans and soybean oil. Table [3|reports results that
are statistically more relevant. Soybeans and soybean oil exhibit increase in comovement whereas
soybean meal beta increase is statistically insignificant (for DJ-UBS CI and Thomson Reuters CI).
Given that these three commodities can be considered matching, this finding suggests that the in-
crease in comovement post-2005 is not entirely due to characteristic effects. We thus consider this
example to be possible evidence of commodity (soybean) financialization.

Robustness checks

To conclude this Section, we test whether our methodology delivers results consistent with the sentiment-
or friction-based views also in a period pre-financialization. We consider the interval from 1998 to
2004 (inclusive), split the time period into two equally long time series and re-run the regressions to
test Prediction [1] as in Section This time period is that prior to the boom and bust of the com-
modity futures prices, i.e. before the effects of financialization were visible. We therefore expect no
changes in comovement.

Results from this additional test are displayed in Table[8] For nearly all commodities, no significant
change in beta nor in R? is observed between the two periods. This is in contrast to the findings for
the pre- and post- 2005 periods, where a significant increase in beta is generally observed for the
index commodities. The change in comovement interpreted as evidence of financialization is thus not
present in this prior time period. These results further corroborate our previous findings: changes in

intra-commodity comovements cannot be justified as driven by changes in fundamental values.

3 Realized betas

To conclude the empirical analysis, we present a new approach to validate Prediction [1] Instead of
regressing Equation 1 on daily returns, we use price information at intra-day frequency and estimate

""A move in the price of one derivative commodity against the other is indicative of high demand for one of the products.
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S&P GSClI DJ-UBS ClI Th. Reuters Cl
Commodity A AR? | AB AR?* | A3 AR?
WTI crude oil -0.06 0.14 0.22 0.15 0.14 0.09
Heating Oil 0.06 0.03 0.02 0.08 0.10 0.06
RBOB unlead gas | 0.16 -0.02 | 0.15 0.05 0.09 0.08
Natural Gas 0.58 0.12 | 0.57 0.08 0.25 0.03
Corn 0.08 0.00 -0.04 -0.01 -0.04
Soybeans 0.04 0.00 0.00 -0.01 | -0.04
Chicago wheat 0.06 0.01 -0.05 -0.02 | -0.18
Soybean oil 0.08 0.00 | 0.09 0.01 0.12 0.02
Soybean meal 0.01 0.00 -0.01 -0.02 | -0.08 -0.05
Rough rice 0.02 0.00 | -0.02 0.00 0.01  0.00
Oats 000 000 |-008 -0.02 | -0.14 005
Coffee 0.18 0.00 | 0.21 0.01 0.33 0.08
Cotton 0.12 0.01 0.10 0.01 0.17  0.01
Sugar -0.01 0.00 | -0.07 0.00 | -0.12 -0.01
Cocoa 0.07 0.00 0.10  0.01 0.02 0.00
Lumber -0.08 0.00 -0.12  0.00 -0.13  -0.01
Orange Juice 0.04 0.00 | 0.03 0.00 0.06 0.01
Feeder cattle -0.03 0.00 0.00 0.00 0.04 0.00
Lean hogs 0.01 0.00 0.00 0.00 0.04  0.01
Live cattle -0.03 0.00 | 0.00 0.00 0.02 0.00
Pork bellies 008 000 | -0.13 000 [=080] -0.01
Gold 0.07 0.02 0.10 0.04 0.12 0.05
Silver 0.10 0.01 0.17 0.03 0.30  0.05
Copper 0.09 0.01 | 0.18 0.03 0.28 0.05
Platinum 0.04 0.01 0.07 0.02 0.02 0.08

Table 8: Robustness checks: univariate regressions run during the 'prefinancialization’ 1998-2004 period as a control. The
1998-2004 period was split into two equally long time series to calculate the change in 3 and R2. Light gray cells denote
that the difference is not significant at 10% level or higher; dark gray cells denote negative significant differences at 10%
level. Commodities in bold are those not included in any index.
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directly the so called ‘realized beta’. This is possible because of the availability of price information at
intra-day frequency.

The concept of realized betas was first introduced by Bollerslev and Zhang| (2003). They carried
out a large-scale estimation of the Fama-French three-factor model using 5-minute data on 6,400
stocks over a period of 7 years. They show that using high-frequency data can improve the pricing
accuracy of asset pricing models. In a related paper|Andersen et al.| (2006) investigates the time vari-
ation in realized variances, covariances and betas using daily returns to construct quarterly realized
measures. They found evidence of strong persistence in the variance and covariance process, but
less persistency in the beta process. This indicates that realized volatility and realized covariance are
fractionally cointegrated[’]

We calculate the realised betas as follows: defining R;;, and Rcar, the intra-day returns at
time ¢, = 1,...,m, of the i-th commodity and the commodity index, respectively, and with m the
number of intra-day returns, the realized beta reads:

By = Y ey Rit Romr g,
) m 2
> k=1 Benr g,

The numerator in Equation (5) is the classical estimator of the realized covariance, the denominator

(5)

is the classical estimator of the realized variance.

Before discussing the results, an important caveat to this analysis is that an increase in realized
betas indicates an increase in return comovement in the absence of micro-structure noise. In the
presence of jumps and micro-structure noise (e.g. stale prices, asynchronous trading) the realised
variance estimator (denominator of the realised beta) is not longer efficient. Additionally, as the
sample frequency increases, the realized covariance estimator is biased toward zero, the so-called
Epps| (1979) effect. Following |[Hansen et al.| (2014), in this paper we rely on the multivariate kernel
estimator proposed in |Barndorff-Nielsen et al.| (2011). This consistent estimator is guaranteed to be
positive semi-definite and is robust to measurement noise and to non-synchronous trading.

With this proviso, results are presented in Tables [9] and using all commodities and only Oil
as energy commodity, respectively. We observe a statistically significant increase in realized betas of
index non-energy commodities and index, and a smaller or non significant increase in realized betas of
off-index non-energy commodities and index. These results support the regressions on daily returns
and indicate that on average, realized betas of index commodities increase after 2004. Moreover,
this increase in realised betas tells us that the increase in return comovement can be seen not only
at a daily frequency, but even at intra-day levels. This provides further evidence that the increase in
comovement observed is not related to changes in fundamentals and instead represents additional

evidence of financialization as the driver of the observed increase in commodity return comovement.

20ther related studies include Barndorff-Nielsen and Shephard| (2004), who derived asymptotic results for realized beta
and|Dovonon et al.| (2013), who established a theory for bootstrapping inference.
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Table 9: Average Realized Betas

Table 10: Average Realized Betas - Oil only

14

S&P GSCI | DJ-UBS Cl | Th.Reuters ClI S&P GSCI | DJ-UBS CI | Th.Reuters ClI
Commodity AS AB Ap Commodity AS ApB Ap
WTI crude oil 0.16 0.28 WTI crude ol 3.30 1.51 1.03
Heating Ol -0.11 0.17 Corn 0.60 0.66 0.57
RBOB unlead gas 0.12 0.02 0.07** Soybeans 0.54 0.40 0.21
Natural Gas 0.35 0.21 0.27 Chicago wheat 0.57 0.37 0.34
Corn 0.33 0.39 0.49 Soybean oil 0.52 0.26 0.20
Soybeans 0.28 0.31 0.25 Soybean meal 0.42 0.10 0.09*
Chicago wheat 0.21 0.21 0.23 Rough rice -0.01 -0.10
Soybean oil 0.25 0.22 0.19 Oats 0.09
Soybean meal 0.20 0.14 0.06™* Coffee 0.29 0.42 0.41
Rough rice -0.01 -0.01 -0.03 Cotton 0.29 0.36 0.33
Oats 0.01 h Sugar 0.46 0.61 0.54
Coffee 0.16 0.20 0.29 Cocoa 0.11 0.19 0.17*
Cotton 0.16 0.20 0.31 Lumber 0.06 0.02 0.00
Sugar 0.25 0.28 0.37 Orange Juice 0.04 0.15 0.05
Cocoa 0.09 0.10 0.12 Feeder cattle
Lumber 0.02 0.02 -0.01 Lean hogs
Orange Juice 0.03 0.03 0.00 Live cattle
Feeder cattle -0.01 _ Pork bellies
Lean hogs 0.03* 0.02 0.00 Gold
Live cattle 0.04 0.04 0.02 Silver 0.58 0.71
Pork bellies | 003|011 041 Copper 0.49 0.59
Gold 0.26 0.28 0.36 Platinum 0.27 0.31
Silver 0.43 0.48 0.64
Copper 0.35 0.38 0.52
Platinum 0.16 0.18 0.23

Average realized betas pre and post chosen data and difference. Positive significant differences from zero at the 10% and 5% levels in two-sided tests are denoted by * and **,
respectively. Light grey cells denote that the difference is not significant at 10% level or higher; dark grey cells denote negative significant differences at 10% level. Remaining cell
denote difference significant at 1% level. Commodities in bold are those not included in any index.



4 Conclusions

Over the last decade, commodity futures have become a popular asset class for portfolio investors,
as investors increasingly sought out commodities for portfolio diversification after the equity market
crash in 2000. This process is sometimes referred to as the financialization of commodity markets.
The increase in commodity investment (particularly in the form of investment in commodity indices)
coincided with increasing comovement between the returns of different commodity classes and led to
speculation about the potential negative effects of commodity financialization.

This paper seeks to add to the literature on commodity financialization and its potential economic
implications through an analysis of the underlying drivers of the observed increase in commodity co-
movement. We build on the work of Barberis et al.[|(2005) and borrow the concept of ‘index inclusion’
to describe the financialization process. This allows us to distinguish between two views of return co-
movement: that comovement in returns is driven by news related to the commodity fundamentals (the
traditional explanation for comovement), and that excess comovement can be attributed to frictions
or traders’ sentiment (the alternative theory of comovement tested for here). We study the comove-
ments between the three main commodity indexes and commodities included and not included in the
indexes. We utilise both univariate and bivariate regressions, examining two time periods: 1998-2005
(pre-financialization) and 2005-2011 (post-financialization).

In the univariate regressions, we observe a significant increase in comovement between index
non-energy commodities and index starting in 2005. Conversely, for off-index commodities, either
no change or a significant decrease in comovement is observed. These results were corroborated
through the bivariate regressions: again index commodities exhibit an increase in comovement with
the index while off-index commodities do not exhibit increased comovement with the index. We inter-
pret these results as evidence of increased financialization post-2005. However, there are alternative
explanations for the regression findings that should be considered. These include non-trading effects
(i.e. that the comovement results could have a spurious upward bias due to the greater liquidity and
increased trading activity of indexed commodities) and characteristic effects (i.e. that all commodities
included in the indices share a common characteristic and that characteristic increases with time). We
explicitly test for both of these effects and find that their impact is likely to be minimal. As an additional
check of the robustness of our findings, we re-run the regressions for an earlier (pre-financialization)
period and find no evidence of an increase in comovement between index or non-index commodities
and the indices, which provides further support for the finacialization interpretation.

Finally, to further corroborate the regression findings, we extend our analysis to account for high-
frequency returns dynamics by means of the so called realised beta and reach similar results. Our
findings cannot be explained by the fundamentals-based view which considers the commodity price
bubble and crash as solely explained as driven by fundamentals. We therefore provide new evidence
supporting the friction or sentiment based explanations, which we interpret as evidence of the impact

of commodity financialization on return comovement.
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