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Abstract

The flow of investment capital into the commodity futures market dramatically
increased around 2004, and this event is referred to as the financialization of
commodity markets. We study how this phenomenon has affected average returns in
this asset class by examining how returns to popular commodity futures strategies
have evolved. We find that about 80% of commodity futures strategies that earned
statistically significant average returns pre-financialization have earned an average of
a zero return since. Using a six latent factor asset pricing model, we show that this
deterioration in strategy returns can be wholly explained by an adverse change in the
average returns to systematically priced variation in the cross-section of commodity
futures. In robustness tests, we show that the publication of commodity strategies
in the academic literature can only explain about 25% of the 51 bps per month
reduction that commodity futures strategies have experienced post-financialization.
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Introduction

Starting in 2004, a significant amount of investment capital began flowing into commodity
futures as retail and institutional investors sought to diversify their portfolios beyond
traditional asset classes like stocks and bonds (Basak and Pavlova (2016)). This led to an
increase in investment capital from about $15 billion to around $200 billion between 2003
and 2008, with most of it being invested in net long positions (CFTC (2008), Henderson
et al. (2015)). The primary vehicle used to gain exposure to these markets was commodity
tracking indexes such as the S&P Goldman Sachs Commodity Index (henceforth, SPGCI)
and the Dow Jones Commodity Index (henceforth, DJCI), among others.

This phenomena is known as the financialization of commodity futures markets and
has been studied extensively by policy makers and the academic literature. Previous
research has primarily focused on how the influx of index capital affects commodity
prices and volatility. Additionally, the literature has also examined how the change in
price informativeness of commodities affects firms with significant economic exposure to
commodities due to their production process. Specifically, Brogaard et al. (2019) show
that financialization of commodity markets has hindered the ability of these firms to
extract signals from market prices to aid their decision making.

In this paper, we ask whether or not the average returns of commodity futures
strategies have been significantly impacted by the financialization and influx of index
capital.

The existing literature on commodity futures strategies suggests that the demand
and supply imbalance is the fundamental driver of commodity strategies’ positive average
returns. More specifically, the strategies inform speculative capital whether extra capital
is needed on a commodity’s demand or supply side to help futures markets clear. If this
is indeed the case, then it is relevant to ask if the influx of commodity index traders, who
are predominantly net long, have left the profitability of commodity strategies unaffected.
Theoretical research has shown that financialization affects commodity spot and futures
prices (see Keynes (1930), and Basak and Pavlova (2016)) and future prices informativeness
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et al. (2015) and Brogaard et al. (2019) find that the index flows have led to significant
changes in commodity futures prices, informativeness, and volatility. As these prices
and volatility are key factors that inform commodity futures strategies, it is essential
to investigate their performance post-financialization. If commodity futures prices are
less informative for business decision-making as Cheng et al. (2015) and Brogaard et al.
(2019)) have shown then, they may similarly be less informative for commodity futures
strategies.

In this paper, we examine twenty different commodity futures strategies. Our findings
support the assertion that the informativeness of commodity prices has significantly
decreased after the financialization of commodity markets. Before 2004, thirteen of the
twenty strategies we examine produce at least marginally significant returns. However,
after financialization, this number drops to only three strategies.

We propose and test two potential explanations for this stylized fact. The first
hypothesis posits that many of these strategies were previously able to exploit idiosyncratic
mispricings across different commodity futures. With the influx of investment capital
following financialization, these mispricings have been competed away. The second
hypothesis suggests that a limited number of systematic commodity factors, such as risk
or behavioral factors (see Kozak et al. (2018)), drive returns in these strategies. If this is
the case, an influx of index investors may depress the average returns of these factors and,
subsequently, the returns to commodity futures strategies.

To this end, we propose a six-factor asset pricing model and show that this model
explains most of the priced variations to all the twenty commodity futures strategies. We
also show that the average return of the individual factors has undergone substantial
decay after the influx of investor capital after 2004. And so the deterioration in returns to
commodity futures strategies derives from a reduction in returns to the handful of factors
that drive returns in this market.

Following the existing literature, we examine the potential relation between the
pricing factors in the six-factor model and the macro-economy. We focus on the systematic
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significant portion of the variation in commodity returns. Overall, we uncover several
relevant channels through which economic shocks relate to commodity prices. Specifically,
we find evidence that shocks to inflation, commodity volatility, and, to a lesser extent,
interest rate and FX-related factors drive variations in the systematic latent factors in
commodity futures markets. Additionally, similar to previous research (Bakshi et al.
(2019)), we also find that global equity volatility is closely related to the latent factors in
the commodity market.

To address the concern that the depression in strategy returns might be attributable
to the popularization of these strategies instead of the financialization of the market, we
run tests similar to those of McLean and Pontiff (2016). We find that about 80% of the
average decline in average returns is attributable to the financialization of commodity
markets and the remaining 20% coming from the popularization of these strategies.

The results in this paper are important for a number of reasons. First, we identify a
new channel through which financialization of commodity futures has affected the asset
class. We particularly show that the influx of investment capital has depressed returns
to most commodity strategies. This is a previously unexplored channel. Second we
propose a simple agnostic linear asset pricing model that summarises the cross-section
of commodity futures strategies. This model shows that returns to commodity futures
strategies exclusively come from exposure to a handful of systematic factors in this
cross-section. Finally, we show that the deterioration in strategy returns can be tied to
significant exposure to commodities in popular long only commodity indexes such as the
DJCI.

This work contributes to three main strands of the literature. First, it contributes to
the study of cross-sectional and time-series predictability in commodity futures markets. A
number of recent studies have proposed several variables that successfully predict variation
in commodity returns: carry and basis (Szymanowska et al. (2014), Bakshi et al. (2019),
Koijen et al. (2018)), momentum (Miffre and Rallis (2007), Szymanowska et al. (2014)
and Bakshi et al. (2019)), basis-momentum (Boons and Prado (2019)), reversal (Bianchi

et al. (2015)), value (Asness et al. (2013) and Baba Yara et al. (2021)), coefficient of



variation (Dhume (2010)), volatility and inventory (Gorton et al. (2013)), open interest
(Hong and Yogo (2012)), hedging pressure (De Roon et al. (2000), Basu and Miffre (2013)
and Kang et al. (2020)), liquidity (Marshall et al. (2012) and Marshall et al. (2013)),
inflation and the dollar (Erb and Harvey (2006) and Gorton and Rouwenhorst (2006)),
skewness (Fernandez-Perez et al. (2018)) and level (Bakshi et al. (2019))'. We contribute
to this strand of the literature by comparing the pre-and post-financialization average
returns of these strategies. Additionally, we decompose the returns into what can be
explained by systematic variation in the cross-section of commodity markets and what
fraction is idiosyncratic to a particular commodity. We find that using a six factor linear
asset pricing model, the returns to all the twenty strategies we study are attributable to
systematic variation in this cross-section.

The second strand of the literature we contribute to studies how the financialization
of commodity markets has affected the cross-section of commodity futures. CFTC
(2008) finds that open interest and investment inflow into commodity indexes increased
substantially around 2004. Cheng and Xiong (2014) discuss the different ways through
which this phenomena can affect the commodity futures and subsequently the real economy.
Boons et al. (2014), Buytksahin and Robe (2014), Christoffersen and Pan (2018) and
Melone et al. (2021), among others, find that the correlation between stock and commodity
futures markets dramatically changed around this point. Brogaard et al. (2019) show that
index investing, which has increased during the post-financialization period, reduces price
informativeness of index commodities and, consequently, decreases the sensitivity of index
commodity firms to commodity futures prices. Closely related, Hamilton and Wu (2014)
find a change in oil futures risk premia since 2005 related to the increasing importance
of index-fund investing relative to commercial hedging in affecting crude oil futures risk
premia. While, theoretically, Basak and Pavlova (2016) and Goldstein and Yang (2021)
argue that commodity futures prices, volatilities, price informativeness and correlations
across commodities and with other assets (e.g. stocks) increase with the financialization.

Lastly, Baker (2021) calibrates a macro-finance model for storable commodities. The

1Section 1.2 and the Appendix (A.2) discuss in depth the economic rationale behind each variables
and how they are constructed.



author finds a decrease in the risk premium of storable commodities in response to the
financialization. We contribute to this literature by showing that returns to a number of
prominent commodity futures strategies have materially decayed towards zero after the
financialization of commodity markets. We further show that the fall in strategy returns
has happened mainly because the average returns to the pricing factors in this asset class
have significantly fallen following financialization.

Finally, our paper contributes to the asset pricing literature that studies return
predictors after publication. The seminal work in this literature (McLean and Pontiff
(2016)) studies the post-publication stock return predictability of 97 variables and find
that returns are on average 58% lower. Similar results hold also in forex (Bartram et al.
(2022)). Hou et al. (2020) find that most equity anomalies fail to hold up to currently
acceptable standards for empirical finance. However, a Bayesian modeling framework
Jensen et al. (2021) show that a majority of anomalies replicate. We focus on commodity
markets as against equity and forex markets. Additionally, we do the exercise in the
spirit of McLean and Pontiff (2016) and Bartram et al. (2022), but through the lens of
the financialization of a market. We find that the commodity futures market has also
experienced a significant decay in returns in recent years. However, we find that only
about 25% of this decay can be attributed to the popularization of the strategies through
publication compared to financialization.

The reminder of the paper is organized as follows. Section 1 presents the data
and commodity strategies. Section 2 examines how the financialization of commodity
markets has affected average returns to commodity strategies. Section 3 explains the
economic rationale behind the decay and section 4 provides robustness. Section 5 explore
an index-investing mechanism that can help in rationalizing our findings. Finally, section
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1 Data and characteristic construction

Our sample starts in March 1986 and ends in August 2021. We retrieve end-of-day data
on liquid commodity futures contracts from the Commodity Research Bureau (CRB)
from March 1986 to December 2014. We extend the sample to August 2021 with data
from Datastream (now Refinitiv) and Factset. We pick this starting date to have futures
returns data for a reasonable number of commodity strategies in the cross-section while
balancing the pre- and post-financialization periods®. Overall, we study 32 commodity

futures contracts belonging to four major sectors: agriculture, livestock, energy, and metal.

1.1 Commodity futures returns

We conduct most of our analysis at the monthly frequency and compute holding period
returns using end-of-month prices. More specifically, we follow Bakshi et al. (2019) in
the construction of commodity excess returns between period-t and ¢ 4+ 1. At the end of
each month-t, we enter a position in the commodity-specific futures contract with the
second shortest maturity while guaranteeing that its first notice day is after the end of
month ¢ 4+ 1. By rolling into the shortest maturity contract before the first day of notice
for each commodity, we guarantee that we are never forced to take physical delivery of a
commodity®. This convention is broadly consistent with Hong and Yogo (2012), Gorton
et al. (2013), among others.

We compute the returns of the long and short commodity futures positions as:

1
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where 7’{ is the interest earned on a fully collateralized futures position, and Ft(l) is the

2At each point in time we have available at least 25 commodities to be allocated into (at most 5)
portfolios for each sorting variable. Moreoever, the starting date is aligned to Szymanowska et al. (2014).
3We refer the interested reader to Bakshi et al. (2019) for further details on the futures return
construction, and to their Table I in the internet Appendix for details on the first notice day convention.



price of the next maturity futures contract at the end of month ¢ *. Excess returns between
period t and t 4+ 1 are then calculated as:

long __ long f
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Table A.1 in the Internet Appendix provides the descriptive statistics for the
individual commodity futures excess returns. For about 25 out of the 32 commodities
we study, the average returns is positive. This means that a long-only rolling strategy
as described above will typically generate a positive return over our sample period. As
has been noted previously in the literature (see Bakshi et al. (2019)), the volatility of
individual commodity strategies tend to be very high and so the resulting Sharpe ratios of
these long-only rolling strategies are typically below 0.25. Commodity futures also tend
to be positively skewed as we observe in Table A.1, which provides suggestive evidence for
why it is the preferred asset class of Trend Following traders. Lastly, all the commodities

are available for at least two-thirds of the sample period.

1.2 Characteristic definitions

Several variables have been shown in the literature to predict variations in the cross-
section of commodity futures returns. In this section, we detail how we construct these
characteristics and subsequently form portfolios by sorting the 32 commodities we study
on these characteristics. For each characteristic, we follow the portfolio sorting scheme as
proposed in the article in which the predictor was introduced.

First, we construct the commodity carry strategy as in (Bakshi et al. (2019) and
Koijen et al. (2018)) and the basis strategy as in (Szymanowska et al. (2014) and Boons
and Prado (2019)). Both predictors have been shown to predict returns in the cross-section

and in the time series of commodity futures.

4Consequently, Ft(i)l is the price of the next maturity futures contract observed at the end of month

t+1 (i.e., when the position is closed), and Ft(o) is the price of the front-month futures contract observed
at the end of month ¢ (i.e., when the position is open).



Second, we construct different versions of long- and short-term momentum following
Miffre and Rallis (2007), Szymanowska et al. (2014), Boons and Prado (2019) and Bakshi
et al. (2019). Specifically, we construct two 12-month momentum strategies (Mom12 and
MoB12), one 6-month (Mom06), 3-month (Mom03), and 1-month momentum (Mom01).
Whereas MoB12 follows the description in Boons and Prado (2019), Mom12 follows
Szymanowska et al. (2014). Additionally, we include a reversal factor (Rever) as in
Bianchi et al. (2015).

Thirdly, we construct the basis-momentum factor (BaMom) of Boons and Prado
(2019) that leverages both momentum and basis fundamental signals. This factor is related
to the slope and curvature of the commodity futures curve; and it is consistent with
imbalances in supply and demand of future contracts that appear when the market-clearing
ability of speculators and intermediaries is impaired.

Fourth, we consider the set of volatility based measures. The coefficient of variations
computed using spot prices (CVDhu) comes from Dhume (2010), while the one using
returns (CVSzy) comes from Szymanowska et al. (2014)). We also include a volatility
factor (Volat) constructed as in Gorton et al. (2013), which the authors show to be related
to inventory.

Fifth, we construct the inventory (Inven) predictor, inspired to Gorton et al. (2013)°.
The theory of storage (Kaldor (1939), Working (1949), Brennan (1958) and Deaton and
Laroque (1996)) relates to the timing option that is intrinsic when holding a storable
commodity. The action of delaying the consumption of a commodity to tomorrow (i.e.
when its supply might be scarce) pushes its prices above the value of consuming it today
and produces the convenience yield of holding the commodity. Hence, in this theory,
the carry of a storable commodity directly maps into the cost of storing it. Holders of
inventories earn a convenience yield that is a declining and convex function of inventory.
Thus, the commodity futures risk premium decreases with inventories. We refer also to
Cheng and Xiong (2014) for an in depth review of this topic.

The sixth set of variables are related to the hedging pressure theory of Keynes (1930)

®We thank Martijn Boons for kindly sharing the inventory data with us. The inventory factor covers
the period only up to 2011.



and Hicks (1939). Hedgers in the futures market tend to be in a net short position and
want to get rid of their risk. To incentivize other market participants to take on this risk,
the hedges need to offer their counter-parties a premium to induce them to take the long
position. Hedging pressure (HedPr) has been shown to affect commodity excess returns
by Bessembinder (1992), De Roon et al. (2000) and Basu and Miffre (2013), among others.
We include a related predictor, open interest (Opeln), which Hong and Yogo (2012) have
show to similarly predict commodity prices beyond imbalances among hedgers.

The seventh set of variables seek to exploit the cross-sectional heterogeneity in the
conditional correlation between commodities returns and prominent macro-variables (see
Erb and Harvey (2006), Gorton and Rouwenhorst (2006) and Szymanowska et al. (2014)).
We include an inflation-5 (InfiB) variable, which is based on the conditional correlation
between commodity future returns and inflation; and a dollar-g (DollB) variable, that
seeks to exploit a similar correlation between commodity futures returns and exchange
risk (commodity future prices are expressed in a currency, typically the U.S. dollar).

Eight, we sort portfolios on a liquidity variable (Liqui), namely the Amivest measure
of Amihud et al. (1997), which is inspired by Marshall et al. (2012) and Marshall et al.
(2013). Expected commodity excess returns can indeed reflect the liquidity of the contract
since liquidity is potentially different across futures or maturities.

Ninth, we construct a standard value factor (Value), following Asness et al. (2013)
and Baba Yara et al. (2021). The value factor is computed using long-term past returns
which rests on the long standing literature that finds that past returns and book-to-market
ratios are correlated (see De Bondt and Thaler (1985), Daniel et al. (1998), and Gerakos
and Linnainmaa (2018)).

Tenth, we construct a skewness (Skewn) factor following Fernandez-Perez et al.
(2018). As the authors show, in line with predictions of theories on investors’ skewness
preferences or on selective hedging, this factor delivers significant returns and is able to
explain the cross-section of commodity futures returns.

Finally, we include a level factor as in Bakshi et al. (2019). This factor is the equally-

weighted commodity strategy (Averg) that goes long in all the commodities available at
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month ¢.

2 Financialization and the cross-section of commodity
futures returns

In this section, we provide a brief background on the financialization of commodity futures

markets and highlight how that has affected a number of commodity futures strategies.

2.1 Background on financialization

Traditionally, the commodity futures market has been dominated by two main participants,
commercial hedgers and noncommercial traders. Commercial hedgers are primary produc-
ers of commodities such as farmers, and primary users of commodities such as oil refineries
who seek to hedge their business activities against spot-price risk. Noncommercial traders
are managed money traders such as hedge funds and Commodity Trading Advisors (CTAs)
who take a position on the long or short side to help balance out demand and supply
between primary commodity producers and users.

Around the turn of the millennium, fund flows into commodity futures as an asset
class began to grow astronomically. Investment inflows into this space grew from about $20
billion in 2003 to more than $200 billion in 2008 and to about $300 billion in 2010 (CFTC
(2008) and Irwin and Sanders (2011)). The total U.S. exchange-traded futures and futures
option trading volume moved instead from about 630m contracts per year in 1998 to about
3.2b contract p.y. in 2007, with the growth spread across all the commodities. As shown
by Brogaard et al. (2019), open interest across a number of commodities were relatively flat
between 2000 and 2003, but increased tremendously after 2004. At the same time, there
was also a significant change of mix of market participants with the strong entrance of
institutional and index investors (Boons et al. (2014), Irwin and Sanders (2011), Brogaard
et al. (2019)). As of 2008, the total net notional value of funds invested in commodity
indexes was held by "Index Funds' for approximately 24% and by 'Institutional Investors"

for approximately 42% (CFTC (2008)). Overall, this change in market structure has been
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dated to have happened around 2004 (see Boons et al. (2014), Basak and Pavlova (2016)
and Brogaard et al. (2019), among others) and is referred to as the financialization of
commodity futures markets in the literature.

The exact effect of this kind of financialization is still being studied by academics,
regulators and practitioners. Theoretically, Basak and Pavlova (2016) and Goldstein and
Yang (2021) show that the rapid increase of indexers should affect commodity prices and
volatility. Empirically, the evidence is murky. Stoll and Whaley (2010) and Hamilton and
Wu (2015) both find no evidence of the increased index flow affecting commodity prices
or volatility. On the other-hand, Singleton (2014), Henderson et al. (2015) and Brogaard
et al. (2019) find evidence to the contrary.

Additionally, the financialization affected the informativeness of commodity prices.
Goldstein and Yang (2021) show that, as the financialization becomes larger in size, the
noise brought in the commodities market by financial hedgers prevails and overcomes the
positive effect of financial speculators on price efficiency, thus reducing the overall price
informativeness. Similarly, Brogaard et al. (2019) find a decrease in commodity price
informativeness in response to the commodity financialization. However, they attribute
this effect to the index investing mechanism. An increasing number of empirical studies
in other asset classes shows indeed that index investing, in general, leads to worse price
informativeness (and to higher price volatility), e.g. Israeli et al. (2017), Ben-David et al.
(2018) and Coles et al. (2022).

Our paper contributes to the debate above by introducing a new channel through
which the increased indexing in this market has affected the dynamics therein. Whereas
the traditional debate has been on how financialization has affected price and volatility,
our contribution focuses on the returns to commodity returns which one can think of as
compensation for speculators. As commodity prices become less informative in response
to the commodity financialization (Brogaard et al. (2019) and Goldstein and Yang (2021)),
the signals on which most of the investment strategies are built plausibly lose their overall
informativeness as well, thus compromising the profitability of the strategies. As far as

we are aware, we are the first to study the implications of the commodity financialization
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for the commodity futures trading strategies. This is an instructive exercise as most of
the indexers who have flooded this market since 2004 have done so on the belief that
commodity futures guarantee a risk premia which one should gain unconditional exposure

to.

2.2 Disentangling commodity futures portfolio returns

As is standard in the literature, we sort commodities on the characteristics described in
section (1.2) and then form long-short portfolios from the resulting extreme portfolios.
The number of portfolios formed from the sorts and the definition of the long and short
legs of each strategy follow from the studies referenced above®.

Table 1 reports the summary statistics for all the long-short commodity futures
strategies we study. Over the entire sample, about 50% of the strategies have an average
return that is statistically significant at the 5% level. An additional 15% are significant
at the 10% level”. Similar to what we observed for individual commodity futures, the
long-short portfolios have similar volatilities. In contrast to the portfolio underlying, the
Sharpe ratios are much higher. Whereas Sharpe ratios of less than 0.25 are common place
for individual commodities, Sharpe ratios for strategies that have at least a marginally
significant return are higher than 0.25.

When we decompose the return of the strategies into their pre- and post-financialization
component, we observe a striking result: of all the strategies with a significant average
return over the full sample, only Carry and Skewness remain significant in the post-
financialization period®. Put differently, about 80% of the commodity strategies that are
significant over the entire sample, seem to have generated their average return from a
period before the current regime’.

For most of these strategies, the loss of statistical significance is not coming from an

6Section A.2 in the Internet Appendix provides further details on how we construct each characteristic
and form long-short portfolios from the sorts.

"Figure A.1 in the Appendix summarizes these results.

8Figure A.2 in the Appendix summarizes these results.

9When we move instead the split date even just 5 years before the commodities markets financialized
(i.e. in January-1999), there are almost as many strategies that returns average returns different from
zero in the periods before and after the split date (specifically, ten vs seven, see Table A.2).
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increase in volatility but rather a reduction in average returns. This is an interesting fact
to document as the discussion in the literature about how financialization has affected
the commodity markets has mainly focused on the price and volatility channels. Our
results here show that volatility of commodity futures strategies have remained relatively
unchanged, however the average returns they generate have significantly deteriorated. It
is also worth pointing out that hedging pressure is the only strategy with an insignificant
average return in the pre-financialization period but a significant premia post financializa-
tion. This is interesting because hedging pressure is a strategy with a strong theoretical
foundation for why it should earn a risk premia in this asset class.

Overall, this table provides a novel empirical finding in the commodity futures liter-
ature: the returns to several commodity futures strategies fade away post-financialization.
Hence, we show that the financialization of commodity futures markets, which saw the
flood of investment capital into this asset class, has affected the market through a channel
which has until now gone unexplored!’. The sudden influx of passive investment capital
into an asset can significantly depress the average returns.

This financialization effect is also intuitively shown in Figure 1, where we plot
the difference in returns to the strategies post-financialization against the returns pre-
financialization. The negative effect exists for most of the strategies individually, and the
commodity anomalies with higher returns pre-financialization tend to show larger declines

in returns post-financialization.

3 What explains the decay in average returns?

In this section, we propose and test two alternative hypothesis that can help explain the

decay in average returns to the commodity futures strategies returns.

10A decay in returns is observed in other asset classes (namely, equity and forex) after the publication of
the trading strategy in the academic literature. Hence, one might worry that the decay in the returns to the
commodity strategy we observe post-financialization might actually be capturing a similar phenomenon.
In Section 4.1 we run robustness tests that rule out this potential alternative story.
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3.1 Systematic or Idiosyncratic Deterioration?

We have shown previously that the average return to more than 80% of the profitable
commodity strategies have decayed since financialization. There are two main ways this
could have happened. First, the returns that the factors were generating were purely
idiosyncratic mispricing and so once more investment capital came into the asset class,
that mispricing has been competed away. The second hypothesis takes seriously the fact
that a simple linear factor model can price the cross-section of these commodity futures
strategies. If this is the case, then the reduction in returns to the strategies has to come
from more fundamental drivers of variation in the economy. Given the recent work of
Kozak et al. (2018), the existence of a handful of pricing factors tells us that the returns
to the strategies stem from the small set of primitives. This still leaves the question of
whether or not the primitives are driven by risk factors or that they are behavioural. A
final hypothesis is that both hypothesis one and hypothesis two partially explain the
empirical fact we document.

To disentangle these hypotheses above, we consider a simple linear asset pricing
factor model that does not take a stance on what the pricing factors are. Using the novel
risk-premium principal component analysis (henceforth, RP-PCA) of Lettau and Pelger
(2020), we extract latent factors from the cross-section of commodity futures portfolios.

RP-PCA is a generalization of PCA that seeks to extract latent factors that simulta-
neously explains variations in the time-series of the portfolios while explaining variations
across average returns. As a consequence, the factors estimated from this new method fits
both the time-series and the cross-section of expected returns compared to standard PCA
where the latent factors attempt to only explain variation in the time-series. We select
six factors following the scree plot in Figure 2''. To shed light on which hypotheses the
evidence favor, we run Fama and MacBeth (1973) tests of the returns to the commodity
futures strategies on the first six RP-PCs over the full sample and the two samples centered

around financialization (2004)".

1This plot of the first 15 eigenvalues shows (up to) three strong factors and three weaker, but potentially
relevant, factors.
12The overall results do not change when considering a seven- or eight-latent factor model, as the
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More specifically, this asset pricing method builds on the idea that, absent arbitrage
opportunities, the FEuler equation implies that risk-adjusted returns on each zero-cost
portfolio should be zero on average. With excess returns to the commodity portfolios

defined as Rz; and a stochastic discount factor (SDF) as M, the following should hold:

E[RxM,] = 0 (2)

More specifically, a SDF that is linear in factors can be expressed as M; = 1 — (hy —
1r)'b, where hy is the vector of pricing factors, b is a vector of factor loadings, and p; is a
vector of the factor means. This SDF specification admits a beta representation of the
form:

E[Rx;,] = N8; (3)

where the risk premia to some strategy i depends on the price of risk (A) and how
the strategy loadings on the factors (3;)'®. Thus, for us, this represent the regression
coefficients of the excess returns to each commodity investment strategy on the (latent)
risk factors, i.e. the RP-PCs. As mentioned, we estimate these coefficients through a
standard Fama and MacBeth (1973) two stage procedures, as common in the literature.

Table 2 reports the results. From panel A, it is evident that the six latent factors can
explain all the variation in average returns. As a result the alpha in the second-stage of
the test is both statistically and economically indistinguishable from zero. When we focus
on both Panels B and C, which represent the pre-financialization and post-financialization
periods, we can see that the alpha remains statistically insignificant. This is evidence
against the first hypothesis. That is to say the strategies do not appear to represent
idiosyncratic mispricing that was arbitraged away after the financialization.

Ruling out hypothesis one, also rules out hypothesis three. When we focus on the

risk premia to the different PCs, we can see that over 60% have experienced a reduction.

This reduction is over 100% for PC3 to as small as 2% for PC2. PCs 5 and 6 have

additional RP-PCs have little explanatory power in all the sub-samples and their prices of risk are not
significant (see Table A.4).

13The factor prices and the factor loadings are related through the covariance matrix of the factors
(3Zp): A =Xpb.
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both experienced an increase. Taking together, the results provide suggestive evidence in
support of hypothesis two. This is to say, the reason why almost all commodity futures
strategies haven’t generated significant average excess returns after financialization is
because the (risk or behavioural) systematic primitives that drive them have adversely
changed.

One may be worried that even-though the joint tests show that the latent factor
model explains all the variations in the commodity strategies we study, the same might
not hold true for individual asset pricing tests. To address this concern, we report the
first stage Fama and MacBeth (1973) results in Table A.3 in the internet Appendix. From
this, it is evident that the six-latent factor model prices all twenty commodity futures
factors in the full sample and both sub-samples.

Figure 3 reports the ten-year rolling average of the latent factors'*. From this, we can
clearly see that average returns of the dominant systematic factor (PC1) continues to decay.
Whereas the average return of this factor was consistently above 3% pre-financialization, it
is clearly trending towards a negative price of risk. The last ten-year average of this factor
is currently negative. Additionally, the figure shows that the third latent factor (PC3) has
also experienced a significant deterioration. Finally, we can also observe the level change in
the price of risk of PC6. This latent factor has an average return that is marginally below
zero pre-financialization and significantly positive in the post-financialization period.

Taken together, the results from the asset pricing test strongly support the hypothesis
that the influx of investment capital into the commodity futures market around 2004 has
depressed the returns to the strategies we study through the handful of the systematic

factors they load on.

3.2 Characterising the latent factors

We have shown that variation in returns to the commodity strategies are driven by a

handful of systematic factors. Given that this is a new factor model in the cross-section

14Using total open interest as a proxy for flows, Figure A.3 shows that the flows of capital into the
commodity futures market kept increasing even after the large sudden spike around the financialization.
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of commodities, we take the opportunity to better characterise some of its properties'®.

3.2.1 Factor interpretations

We start by analysing how the individual latent factors are formed from the individual
commodity strategies. To this aim, we run a factor-strategy regression exercise to relate
the strategy to the factors. The results are presented in Table 3.

The results suggest that the first factor is mostly informed by returns to momentum
based strategies. The univariate regressions involving the momentum based strategies
have an R-squared of at least 50% and high estimated coefficients. The evidence is not as
clear-cut on the second factor; although the momentum strategies still appear to play a
role in addition to the volatility strategies. PC3 is instead mainly a reversal factor, but
also inflation and dollar-index strategies play a significant role in driving variations in this
PC. Eventually, the sixth factor is mostly informed by liquidity, open interest, volatility,
and hedging pressure. This factor can therefore be labeled as a possible market friction

factor.

3.2.2 What are the macro-financial drivers of the latent factors?

We have established that the six-factor latent factor model spans the space of commodity
futures strategy returns. To further shed light on the potential macro-drivers of the latent
factors, we run univariate regressions of the individual factors, i.e. the RP-PCs, on a set

of macro-financial variables:

RPPC! = ¢o + ¢p1AMacroFint + ¢ (4)

where, RPPCY is the time ¢ return of latent factor j from Table 2 extracted as in Lettau
and Pelger (2020)), and AMacroFin are the innovations to the macro-financial factors.

Test statistics are computed with Newey and West (1987)-corrected standard errors.

15As PCs 1, 3 and 6 are the ones that experience a significant change around the financialization and,
together with PC 2, explain most of the variation across the different subsamples, we will focus our analysis
on the properties of these latent factors. However, we refer the interested reader to Appendix A.8.1 for a
broader discussion that includes also an analysis of the other latent factors.
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The set of macro-financial variables we consider belongs to those variables that are
gaining attention in the asset pricing literature that tries to understand the link between
the macroeconomy and the (global) financial conditions on the one hand, and the asset
returns on the other'®. We present the results from this exercise in Table 4.

We find shocks to: i) global equity volatility, ii) commodity volatility and iii) inflation
to be important sources of variations for the latent factors. Specifically, global equity
volatility significantly drives variations in PC1, as well as PC3 and PC5. Similarly, Bakshi
et al. (2019) find that equity volatility also drives variation in the carry pricing factor
they include in their commodity futures asset pricing model. However, unlike the same
authors, we find evidence that a similar measure of volatility constructed from commodity
returns does explain variations in some of the pricing factors, namely PCs 2, 3 and 5.
Additionally, we find that shocks to inflation (CPTAUCSL and WPSFD49207) strongly
matter across the commodity-latent factors'”. In particular, they drive a lot of variation
in PC3, and contribute to variations in PCs 1, 2, 4 and 5.

Besides these three main macro-financial factors, shocks to other variables are also
additional sources of variation that (more weakly) affect the latent factors whose dynamics
change around the financialization. Specifically, variations in PC1 are driven also by
shocks to the forex factors (TWEXAFE and sliq). While, variations in PC2 partly come
from financial variables that can loosely be linked to variations in discount rates.

PC3 is instead negatively related to positive shocks in the S&P 500 (as also PC5)
and the global financial cycle, and positively related to the default spread. Taken together,
this suggests that PC3 is partly related to investor risk aversion similar to what Bakshi
et al. (2019) find for their carry factor.

Lastly, PC6 only loads on industrial production and the forex factor, but with an
opposite sign in the loadings with respect to PC1.

Overall, although previous literature finds that only a handful of macro-financial

variables are relevant for the cross-section of commodity futures, we find the opposite

16Table A.5 in the Appendix lists and describes more in details the variables and the sources from
which they are retrieved.

I7In this respect, it is worth pointing out that the role of inflation risk in driving asset prices is drawing
a remarkable attention in the current academic debate (see Fang et al. (2022), among others).
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results. For most of the macro-financial variables we study, we find that shocks to them
can be traced to at least one of the latent pricing factors.

As we saw in the previous section, the average returns of the latent factors tend to
change between pre- and- post-financialization. Table A.6 and Table A.7 in the Appendix
repeat the univariate regressions of the macro-financial factors on the RP-PCs, respectively,
over the pre- and post- financialization periods. Interestingly, it appears that variations
in macro-financial risks tend to be a more relevant determinant of variation in the latent

risk factors since the occurrence of the financialization.

4 Robustness tests

In this section, we test and rule out alternative explanations for the decay in returns to

the strategies we study.

4.1 Pre- vs Post-Financialization, and Academic Research

We have so far argued that financialization is the main driver of the decay of returns
to commodity strategies. One alternative story to this is that the publication of the
strategies in academic journals is indeed the event that triggers the decay and not
necessarily financialization. This is a compelling alternative because most of the strategies
we study were published post-financialization. To study this question, we undertake a
test similar in spirit to McLean and Pontiff (2016) in equity and Bartram et al. (2022)
in forex. Formally, we run variations of the following baseline specification to test this

alternative channel:

R, = o + By Post-Financialization Dummy; , + By Post-Publication Dummy; , + €; ;. (5)

Specifically, the first test we run is to regress the returns to all the strategies we
study on a dummy that takes the value zero before January 2004 (pre-financialization)
and one afterwards (post-financialization). Table 5 reports the results. Standard errors

for all the tests are clustered on time. The coefficient on the dummy for this specification
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is negative and statistically significant which confirms the results from our portfolio sorts.
Starting from around 2004, the average returns to a typical commodity futures strategy
has decayed about 51 bps per month. The pre-financialization average returns of the
strategies is about 78 bps per month.

The second test we undertake is to regress the returns to the commodity strategies
on a dummy that takes the value zero before the publication date of a strategy and
one afterwards. The coefficient from this second specification is similarly negative and
significant. The result suggests that the typical commodity strategy has experienced about
a 46 bps per month decay in returns after the strategy was published in an academic
journal.

Given that most of the commodity futures strategies we study were published
after financialization of the market, it is important to disentangle which of these two
alternatives drives what fraction of the decay. To this end, we regress the returns to the
strategies on two dummies. The first dummy takes the value of zero before financialization
and one afterwards. The second takes the value of zero before publication and one
afterwards. We report the results as specification 3 in Table 5. As is evident, the post-
financialization dummy subsumes the post-publication dummy. After financialization,
the average commodity strategy has lost about 44 bps per month on average. After
publication, the strategies lost an additional 14 bps on average although this estimate is
not significant. The results therefore show that it is the financialization of commodity
markets that is driving the most of the decay in returns and not the publication of the
strategies.

To verify the robustness of this conclusion, we run a fourth specification where
the post-financialization dummy takes a value of zero before financialization and after
publication and a one in-between. The publication dummy takes a value of one after
publication. This allows us to strongly isolate the financialization effect. The results in

specification 4 show confirm the results in 3 for the financialization effect'®.

18 Additionally, if we regress the returns on the stock market on the financialization dummy, the
estimated coefficient is small but positive. While, including the returns to the market as control in the
specifications in Table 5 does not affect the results. This evidence is suggestive that the behaviour of the
overall market does not seem to explain our findings. The results to these additional tests are available
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Overall, around 75% of the observed decay in returns to commodity strategies can be
attributable to the financialization of the market and the rest comes from the publication

of the strategies.

5 Index flow mechanism

We have shown that the deterioration in average returns of commodity futures strategies
post-financialization is a strong stylized fact in the data. In this section, we provide
evidence in favour of the index channel as being the potential driver of the deterioration
we observe.

Data on constituents of the Dow Jones Commodity Index and its weights come from
Standard & Poor’s, and are available from January 2000.

To test this potential mechanism we run the following baseline specification:

Rivy1i=0;,+P1Diy +T'D;y %0 + €411 (6)

where: i) R;;1 are the returns to commodity investment strategy i, ii) «; is a
dummy capturing strategy fixed effects, iii) D;; is dummy that takes value one if the
strategy ¢ at time t has exposure to any commodity in the top-n weighted commodities
in the DJCI index (with n = {1,3})", and iv) D;; * §; is a dummy that at time ¢ is
equal to one for all strategies that have exposure to a commodity whose weight is in the
top-3 of the index ?°. This last term, which can be interpreted as an "exposure by time
fixed effects" indicator, allows us to control for the increasing inflows of capitals in the
commodity markets (and, so, in the commodities index) over time. This variable also
absorbs variation coming from other potential time-varying confounding omitted effects
that affect index exposed and non-index exposed strategies differently.

Results to these tests are reported in Table 6. [; is our coefficient of interest, as

upon request.

9The top-3 weighted commodities at each point in time, alone, account on average for around 40%
of the overall DJCI weights. The weights of commodities in the index precipitously fall off such as the
highest weighted commodity at each point in time is, on average, almost 4 times larger than the average
weight of the third highest weighted commodity.

20T is a vector of coefficients: I' = vy,...,v,...,yr, witht =1,...,T.
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it captures the average effect on the returns to the strategies of trading on commodities
with high weights in the commodity index. As we observe in column (1) and (2), having
exposure to the index has a significant negative effect on the average returns of a strategy.
In other words, a commodity investment strategy sees about a 70 bps drop in returns
whenever it is loads on a commodity with significant weight in the DJCI 2!,
Furthermore, column (3) and (4) repeat the exercise but adding as control an open
interest variable which captures additional omitted effects of the increasing capital inflows
that are not perfectly captured by the coefficients I'. Similarly, column (5) and (6) add
as control a dollar open interest variable, i.e. open interest multiplied by the spot price.
Overall, we see that the results are robust to the inclusion of these additional controls.
Taking together, the results here show that the index flow mechanism is a fundamental

channel through which financialization has affected commodity futures strategies.

6 Conclusions

In this paper, we explore how the financialization and the influx of indexing has affected
average returns to commodity futures investment strategies. We find that of the thirteen
commodity futures strategies that had a significant average return before the financializa-
tion of this market, only two remain profitable post-financialization. We find that this
decay in strategy returns is primarily the result of a dramatic fall in the price of risk to
the systematic factors in this asset class.

Our results provide strong evidence in favour of the view that the financialization
of commodity markets has affected certain commodity market participants. Our results
are consistent with the model of Sockin and Xiong (2015) where information frictions
impede commodity futures market participants from using prices and volume information

in making profitable investment decisions.

2L About 71bps p.m. if the strategies trade on the top-3 commodities for weights in the index (column
2 of Table 6), 162bps if the strategies trade on the commodity with the highest (i.e. top-1) weight in the
DJCI (column 1).
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Pre-financialization Returns vs Post-Financialization Difference
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Figure 1: Relation between pre- and post-financializtion returns

This scatter plot shows the relation between the monthly returns to the 20 commodity trading strategies
pre-financialization and the changes in their returns post-financialization. The returns pre-financialization
are mean monthly excess returns in percentage points (i.e % per month). Changes in returns post-
financialization are instead the difference of the mean monthly excess returns in percentage points between
post-financialization and pre-financialization returns. The sample is monthly from March 1986 to August
2021. The commodity investment strategies are described in Section A.2 of the Appendix and their
performance across the different subsamples (Full Sample, Pre- and Post-Financialization periods) are

analyzed in Table 1.
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Table 2: Unconditional Asset Pricing Tests (Over Subsamples) - Second Stage Regressions

This table reports the results for the second (cross-sectional) stage of the Fama and MacBeth (1973)
asset pricing tests. We use as test assets the returns to the commodity investment strategies presented in
Table 1; while, the six candidate factors are the six RP-PCs extracted as in Lettau and Pelger (2020).
Panel A reports the results for the test conducted over the full sample of data (03/1986 to 08/2021);
while, Panel B and Panel C report the results for the tests conducted, respectively, over the pre- and
post-financialization periods, where the sample is split around January 2004. The choice of 2004 as date
for the financialization of commodity markets is driven by the previous literature (see Boons et al. (2014)
and Basak and Pavlova (2016), among others). Mean (Mean) and prices of risk (RP) for each latent
factor (the RP-PCs), as well as for the estimated intercepts, are reported in annualized percentage points.
The test-statistics are computed using Newey and West (1987)- (¢stat,,,) and Shanken (1992)-corrected
(tstatsy) standard errors. Cross-sectional R? are in percentage points. The risk premium parameter of
the Lettau and Pelger (2020) procedure is set equal to 10. The sample is monthly from March 1986 to
August 2021. Results for the first (time-series) stage of the asset pricing tests are reported in Table A.3
in the Appendix.

Panel A Full Sample

Factors Intercept PC1  PC2 PC3 PC4 PC5  PC6
Mean (%) 30.77 15.71 5.76 0.39 4.26  4.37
RP (%) 0.84 27.94 14.09 4.38 0.92 347 479
tstat,, [0.77] [3.41] [3.31] [0.78] [0.22] [0.83] [1.09]
tstaty,  [0.81] 3.18] [2.74] [0.86] [0.20] [0.82] [1.19]
R2 (%) 33.69 7858 84.26 84.22 87.30 90.47
Panel B Pre-Financialization

Factors Intercept PC1  PC2 PC3 PC4 PC5 PC6
Mean (%) 46.09 15.67 14.51 0.99 2.25  -5.55
RP (%) 0.45 44.04 13.40 13.69 1.55 097  -6.07
tstat,, [0.45] [3.80] [2.70] [1.76] [0.36] [0.14] [-1.12]
tstaty, [0.31] 3.24] [1.79] [1.87] [0.25] [0.16] [-1.03]
R2 (%) 40.24 59.24 80.28 80.40 80.56 84.75
Panel C Post-Financialization

Factors Intercept PC1  PC2 PC3 PC4 PC5  PC6
Mean (%) 15.88 15.30 -3.29 -0.42 596 14.26
RP (%) 1.39 11.55 1229 -531 -0.06 5.76 14.26
tstatn,  [0.89] [1.42] [1.84] [-0.80] [-0.01] [1.24] [2.61]
tstatgy, [1.06] [1.07] [1.73] [-0.76] [-0.01] [0.98] [2.60]
R2 (%) 6.31  39.63 41.28 41.30 47.89 77.64
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Table 5: Regression of Factors on Post-Financialization and Post-Publication Indicators

This table reports the results from regressions of the returns to the commodity strategies (in percentage
per month) on a dummy variable for the post-financialization period, a dummy variable for the period
between financialization and the publication of the factor, and a dummy variable for the post-publication
period. Post-Financialization is equal to one if the month is after the financialization of commodity
markets (i.e. post 01/2004) and zero otherwise. Post-FinaToPublication is equal to one if the month is
after the financialization of commodity markets (i.e. post 01/2004) but before the official publication
date, and zero otherwise. Post-Publication is equal to one if the month is after the official publication
date and zero otherwise. The choice of 2004 as date for the financialization of commodity markets is
driven by the previous literature (see Boons et al. (2014) and Basak and Pavlova (2016), among others).
The data contain monthly series from March 1986 to August 2021. Regressions include factor fixed effects
as indicated in the table. Standard errors are clustered on time. We denote with ***, ** * estimates
significant at the, respectively, 1%, 5% and 10% level. The mean factor return pre-financialization is

0.784 (i.e. 78.4 bps per month).

Factors
U ©®_ 06 @
Post-Financialization -0.511** -0.438**
Post-FinaToPublication -0.437**
Post-Publication -0.460**  -0.144 -0.577**
Observations 8,499 8,499 8,499 8,499
Factor Fixed Effect Yes Yes Yes Yes
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Table 6: Index Flow Mechanism

This table reports the results from regressions of the returns to the commodity strategies (in percentage
per month) on a dummy variable that takes value one if the futures strategy-i at time-t has exposure to
any commodity in the top-n weighted commodities in the index at time ¢, and a dummy that at ¢ is equal
to one for all strategies that have at least a commodity with top-n exposure to the index. All regressions
include factor fixed effect. Column (1) and (2) reports results when we restrict the commodities to have,
respectively, top-1 and top-3 weights in the DJCI Index over the (monthly) period 01/2004 to 08/2021
(i.e. the post-financialization period). Column (3) and (4) repeat the same excercise but adding open
interest as control variable; while, Column (5) and (6) add dollar open interest as control variable. The
choice of 2004 as date for the financialization of commodity markets is driven by the previous literature
(see Boons et al. (2014) and Basak and Pavlova (2016), among others). Standard errors are clustered on
time. Cross-sectional R? are in percentage points. We denote with ***, **, * estimates significant at the,
respectively, 1%, 5% and 10% level.

Factors

0 ) ) @ ) ©
D; -1.623***  -0.707***  -1.335"** -0.568" -1.299*** -0.549**
Observations 4139 4139 4139 4139 3933 3933
Factor Fixed Effects Yes Yes Yes Yes Yes Yes
Exposure by Time Fixed Effects Yes Yes Yes Yes Yes Yes
Control for Open Interest No No Yes Yes No No
Control for Dollar Open Interest No No No No Yes Yes
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Scree Plot (Full-Sample)
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Figure 2: First 15 eigenvalues

This figure plots the first 15 eigenvalues of the data, arising from the application of the RP-PCA
methodology (Lettau and Pelger (2020)) to the returns to the commodity investment strategies. The
data cover the period 03/1986-08/2021.
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10-years Rolling-Window Average Price of Risk
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Figure 3: Rolling-window average price of risk

This figure plots the ten-year rolling average return of each PC in our six factor model. The grey rectangle
starts at January 2004 (the financialization date) and ends in December 2013. The choice of 2004 as date
for the financialization of commodity markets is driven by the previous literature (see Boons et al. (2014)

and Basak and Pavlova (2016), among others). The data contain monthly series from March 1986 to
August 2021.
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A Appendix

A.1 Descriptive Statistics - Individual Commodities



Table A.1: Descriptive Statistics - Excess Returns to Individual Commodities
This table reports the descriptive statistics of the individual commodity futures excess returns computed
as in equation (1). For each commodity, we report the annualized average returns (Mean), annualized
standard deviation (Std), annualized Sharpe Ratios (SR) and the skewness (Skew) of the monthly returns,
as well as the number of observations (N). The construction of the excess returns takes into account the
first notice day convention following Bakshi et al. (2019). We build end-of-month series for commodity
returns from March 1986 to August 2021. These data are collected from CRB, Datastream, and Factset.

Mean % Std % SR Skew N

Crude oil 10.50 35.88 0.29 045 425
Gasoline 22.32 39.63 0.56 0.28 425
Heating oil 13.96 35.98 0.39 0.85 425
Natural gas -8.04 4714  -0.17 0.60 375
Gas-oil petroleum 10.87 33.09 033 0.21 383
Propane 27.20 64.15 042 7.30 263
Rough rice -4.20 25.82  -0.16 1.02 416
Sugar 6.14 30.70 0.20 0.30 425
Corn -2.96 2591  -0.11 0.72 425
Oats 2.47 32.80 0.08 237 425
Wheat -2.56 26.33 -0.10 0.42 425
Canola 1.72 20.79  0.08 0.08 422
Barley 0.87 20.12  0.04 0.29 278
Cotton 2.34 25.70 0.09 0.24 425
Lumber 0.42 32.87 0.01 0.70 425
Rubber 3.46 36.46 0.09 044 354
Feeder cattle 3.80 14.28 0.27  -0.13 425
Live cattle 2.48 13.69 0.18 -0.44 425
Lean hogs -0.35 25.26  -0.01 -0.27 425
Pork bellies 4.06 37.65 0.11 056 304
Gold 2.73 15.30  0.18 0.17 425
Silver 4.40 2792 0.16 0.38 425
Copper 12.07 25.79 047 0.17 425
Palladium 14.28 30.92 046 0.38 421
Platinum 4.83 21.89 0.22 -0.03 425
Soybeans oil 0.42 23.85  0.02 0.19 425
Soybeans meal 10.10 25.35 040 0.44 425
Soybeans 4.69 22.78 0.21 -0.02 425
Coffee -2.83 35.67 -0.08 1.09 425
Orange juice 0.52 29.67 0.02 0.52 425
Cocoa -1.67 2777 -0.06 0.44 425
Milk 5.70 28.87 0.20 1.05 303
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A.2 Variables Construction

1. Level (Averg): We follow Bakshi et al. (2019) in constructing the level factor (i.e.
the average factor) as the excess returns of a strategy that goes long in all the

available commodity futures.

2. Carry (Carry): We follow Bakshi et al. (2019) in constructing carry by sorting on
&

the log of the slope of the futures curve (i.e. log(y;), with y, = %) and in allocating

commodities into 4 portfolios. Hence, commodities are sorted from most in contango

(highest In(y;) > 0) to most backwardated (lowest In(y;) > 0).

3. Basis (Basis): We follow Boons and Prado (2019) in constructing basis by sorting on

(Ft(Q)_FtU))

F

;= and allocating commodities into 3 portfolios. The High (respectively,
Low) portfolio contains the four commodities with the highest (respectively, lowest)

ranked signal, while the Medium portfolio contains all remaining commodities.

4. Momentum 1-months (Mom01): We follow Miffre and Rallis (2007) in constructing
momentum by sorting on the returns over the previous one-month. Commodities

are then allocated in 5 portfolios.

5. Momentum 3-months (Mom03): We follow Miffre and Rallis (2007) in constructing
momentum by sorting on the returns over the previous three-months. Commodities

are then allocated in 5 portfolios.

6. Momentum 6-months (Mom06): We follow Bakshi et al. (2019) in constructing
momentum by sorting on the past six-month performance. Commodities are then

allocated in 5 portfolios.

7. Momentum 12-months (Mom12): We follow Szymanowska et al. (2014) in construct-
ing (long-term) momentum by sorting on the cumulative log return from month

t —12 to t — 1 and allocating commodities into 4 portfolios.

8. Momentum 12-months (MoB12): We follow Boons and Prado (2019) in constructing

(long-term) momentum by sorting on the cumulative log return from month ¢ — 11

I1I



10.

11.

12.

13.

to t and allocating commodities into 3 portfolios. The High (respectively, Low)
portfolio contains the four commodities with the highest (respectively, lowest) ranked

signal, while the Medium portfolio contains all remaining commodities.

Reversal (Rever): Bianchi et al. (2015) show that a consistent reversal pattern
is pronounced from month 12 to 30. We construct the contrarian strategy on a
signal based on portfolio formation months 36-13, and allocate commodities into 5

portfolios.

Basis-Momentum (BaMom): We follow Boons and Prado (2019) in constructing

basis-momentum by sorting on:

t t
BM,= [ a+R")y— [ (1+RY)
j=t—11 j=t—11

i.e. on the momentum between two consecutive nearby futures strategies and
allocating commodities into 3 portfolios. The High (respectively, Low) portfolio
contains the four commodities with the highest (respectively, lowest) ranked signal,

while the Medium portfolio contains all remaining commodities.

Coefficient of variation using spot prices (CVDhu): We follow Dhume (2010) in
constructing the coefficient of variation as the variance of the past three months
daily spot prices scaled by their mean. Commodities are then allocated into 5

portfolios using the demeaned values (where the mean is computed over the previous

60 months).

Coefficient of variation using returns (C'VSzy): We follow Szymanowska et al. (2014)
in constructing the coefficient of variation as the variance on the past daily returns

scaled by the mean return and allocating commodities into 4 portfolios.

Volatility (Volat): We follow Gorton et al. (2013) in constructing volatility as the
square root of the average squared daily excess returns of the month over which the

excess return is calculated, multiplied by the square root of 365. Thus, this measure
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14.

15.

16.

17.

18.

is forward-looking. Moreover, volatility is demeaned at the commodity level. We

allocate commodities into 4 portfolios.

Inventory (Inven): We refer the interested reader to Section 3.2 and Appendix B
of Gorton et al. (2013) for how this variable is constructed. Our data end at the

beginning of 2011. Following their paper, commodities are allocated into 2 portfolios.

Hedging pressure (HedPr): We follow Szymanowska et al. (2014) and Basu and
Miffre (2013) in constructing hedging pressure (for hedgers) as the difference between
the number of short and long hedge positions by large traders in proportion to the

total number of hedge positions by large traders in that market:

#short hedge positions — #long hedge positions

hp, —
be total # hedge positions

The positions are measured by the number of contracts in the market. The data are
retrieved from the Commitment of Traders reports issued by the Commodity Futures

Trading Commission (CFTC). Commodities are then allocated into 4 portfolios.

Open interest (Opeln): We follow Hong and Yogo (2012) in constructing open
interest as the total open interest in futures market. We allocate commodities into
4 portfolios. The data are retrieved from the Commitment of Traders reports issued

by the Commodity Futures Trading Commission (CFTC).

Liquidity (Liqui): We follow Marshall et al. (2012) and Marshall et al. (2013) in
constructing liquidity as the Amivest measure for liquidity of Amihud et al. (1997),
i.e. as the volume on a trading day divided by the absolute value of the daily return.

We allocate commodities into 4 portfolios.

Value (Value): We follow Asness et al. (2013) in constructing value as the log of the
spot price 5 years ago (actually, of the average spot price from 4.5 to 5.5 years ago)
divided by the most recent spot price and allocating commodities into 3 portfolios.

Hence, value can be seen as the negative of the spot return over the last 5 years.



19.

20.

21.

Inflation-g8 (InfiB): we sort commodities based on the betas estimated from a 60-
month rolling window regression of monthly commodity futures returns on changes
in one-month CPI inflation. We then allocate commodities into 4 portfolios (see

also Szymanowska et al. (2014)).

Dollar-53 (DollB): we sort commodities based on the betas estimated from a 60-
month rolling window regression of monthly commodity futures returns on changes
in a broad US dollar index. We then allocate commodities into 4 portfolios (see also

Szymanowska et al. (2014)).

Skewness (Skewn): We follow Fernandez-Perez et al. (2018) in constructing skewness
by sorting on the coefficient of skewness of the daily commodity returns from month

t — 11 to t. We allocate commodities into 5 portfolios.
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Figure A.1: Average returns to the commodity investment strategies (Full Sample)

This histogram shows the average returns to each of the commodity trading strategies. The returns are
annualized excess returns in percentage points. The sample is monthly from March 1986 to August 2021.
Black and dark grey bars represent, respectively, strategies that deliver returns significant at the 5% and
10% significant level; while, light grey bars represent strategies that deliver average returns not statistically
significant. The commodity investment strategies are described in Section A.2 of the Appendix and their
performance across the different subsamples (Full Sample, Pre- and Post-Financialization periods) are
analyzed in Table 1.
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Figure A.2: Average returns to the commodity investment strategies (Pre and Post-
Financialization)

This histogram shows the average returns to each of the commodity trading strategies. The returns
are annualized excess returns in percentage points. The sample is monthly from March 1986 to August
2021. The left and right panels report the average the returns to the strategies, respectively, over the
pre- and post-financialization periods (where the sample is split around January 2004). The choice of
2004 as date for the financialization of commodity markets is driven by the previous literature (see
Boons et al. (2014) and Basak and Pavlova (2016), among others). Black and dark grey bars represent,
respectively, strategies that deliver returns significant at the 5% and 10% significant level; while, light
grey bars represent strategies that deliver average returns not statistically significant. The commodity
investment strategies are described in Section A.2 of the Appendix and their performance across the

different subsamples (Full Sample, Pre- and Post-Financialization periods) are analyzed in Table 1.
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A.5 Unconditional Asset Pricing Test - 1st Stage Regressions
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A.6 Total Open Interest in Commodity Markets

%108 Total Open Interest
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Figure A.3: Total Open Interest
This figure plots the sum of open interest over time. The data cover the period 03/1986-08/2021 and are
retrieved from the CFTC.
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Table A.4: Unconditional Asset Pricing Tests (Over Subsamples) - 8 Latent-Factor Model

This table reports the results for the second (cross-sectional) stage of the Fama and MacBeth (1973)
asset pricing tests with a higher number of factors with respect to Table 2. We use as test assets the
returns to the commodity investment strategies presented in Table 1; while, the eighth candidate factors
are the first eighth RP-PCs extracted as in Lettau and Pelger (2020). Panel A reports the results for
the test conducted over the full sample of data (03/1986 to 08/2021); while, Panel B and Panel C
report the results for the tests conducted, respectively, over the pre- and post-financialization periods,
where the sample is split around January 2004. The choice of 2004 as date for the financialization of
commodity markets is driven by the previous literature (see Boons et al. (2014) and Basak and Pavlova
(2016), among others). Mean (Mean) and prices of risk (RP) for each latent factor (the RP-PCs), as
well as for the estimated intercepts, are reported in annualized percentage points. The test-statistics
are computed using Newey and West (1987)- (tstat,,) and Shanken (1992)-corrected (tstats,)
standard errors. Cross-sectional R? are in percentage points. The risk premium parameter of the Let-
tau and Pelger (2020) procedure is set equal to 10. The sample is monthly from March 1986 to August 2021.

Panel A Full Sample

Factors Intercept PC1 PC2 PC3 pPC4 PC5 PC6 PC7 PC8
Mean (%) 30.77 15.71 5.76 0.39 426 4.37 0.68 0.39
RP (%) 0.76 28.18 14.22 4.50 0.88 3.3 4.74 0.28 0.50
tstat,., [0.73] [3.43] [3.27] [0.81] [0.20] [0.85] [1.07] [0.07] [0.17]
tstaty, [0.74] [3.21] [2.76] [0.88] [0.19] [0.84] [1.18] [0.08] [0.15]
R2 (%) 34.08 79.20 84.95 84.92 88.04 91.25 91.30 91.32
Panel B Pre-Financialization

Factors Intercept PC1  PC2 PC3 PC4 PC5 PC6 PC7T  PC8
Mean (%) 46.09 15.67 14.51 099 225 -555 -4.38 0.96
RP (%) 0.59 43.63 13.33 13.39 1.71 0.72 -597 -3.62 0.42
tstat,, [0.55] [3.55] [2.70] [1.68] [0.38] [0.10] [-1.08] [-0.65] [0.09]
tstatyy, [0.40] [3.21] [1.79] [1.83] [0.27] [0.12] [-1.02] [-0.73] [0.09]
R2 (%) 39.43 5875 79.43 79.58 79.68 83.82 85.02 85.03
Panel C Post-Financialization

Factors Intercept PC1 PC2 PC3 pPC4 PC5 PC6 PC7  PCS8
Mean (%) 1588 1530 -3.29 -042 596 14.26 6.14 -0.28
RP (%) 1.00 12.72 1334 -488 -0.02 5.53 14.29 6.19 -0.84
tstat,., [0.76] [1.59] [1.96] [-0.76] [0.00] [1.16] [2.55] [1.07] [-0.22]
tstatgy, [0.76] [1.18] [1.89] [-0.70] [0.00] [0.94] [2.61] [1.16] [-0.19]
R2 6.79 41.85 43.87 43.87 49.51 80.75 88.34 88.53
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A.8 Macro-Financial Variables and Broader Discussion on the

Characterization of the Latent Factors
A.8.1 Broader Discussion on the Characterization of the Latent Factors

This subsection extends the characterization of the latent factors conducted in Section 3.2.
First of all, as we can observe in Table 2, it is important to remind that PCs 4
and 5 neither explain much of the variation in average returns (as, partly, also PC3) nor
experience a significant change in their dynamics across the financialization (as also PC2).
However, it is worth highlighting that PC4 is quite neatly identifiable as a basis-
momentum factor; and PC5 appears to load primarily on momentum factors, and secon-
darily on open interest and liquidity.

Regarding the relation of the latent factors with macro-financial risks, as we mention
in Section 7?7, variations in PC2 partly come from financial variables that can loosely
be linked to variations in discount rates. Specifically, this financial variables are mostly
interest rates and interest rate differentials, such as the 10 year rate (GS10), the ted spread
(ted) and the default yield spread (BAAMAAA)). The intermediary capital variable (icap)
also plays a role for PC2, meaning that shocks to leverage in the economy affect returns to
commodity mostly through PC2; but also measures that co-move with the global financial
cycle (gfc) and global economic conditions (gecon) drive variations in this latent factor.
PC5, instead, looks similar to PC3 (which, in turn, we carefully describe in the main part
of the paper); whereas PC4 seems to be significantly driven only by shocks to inflation.

Eventually, looking at the results for the pre- and post-financialization periods in
Tables A.6 and A.7, a compelling result emerges. Specifically, the finding that variations
in PC1 and PC2 over the full sample are associated with variations, respectively, in fx
and in discount rates, as well as the finding on the behaviour of PC3, seem to be driven
mainly by shocks coming from the post-financialization period. Overall, looking also at the
estimates for inflation and volatilities risks, it appears that variations in macro-financial
risks tend to be a more relevant determinant of variation in the latent risk factors since

the occurrence of the financialization.
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A.8.2 Macro-Financial Variables - Tables
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