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Abstract

The financialization of commodity markets, characterized by a dramatic increase
in institutional investors and index capital flows into the commodity futures market
around 2004, has significantly impacted the asset class. This paper investigates the
effect of this growth in investment capital on the average returns of popular com-
modity futures trading strategies over time. Our findings reveal that approximately
80% of commodity futures strategies that generated statistically significant average
returns before financialization are no longer profitable. Our results suggest that this
decline in strategy returns is primarily driven by an adverse change in the average
returns of a few systematically priced factors in the cross-section of commodity
futures. Furthermore, we find that commodity strategies with relatively higher
exposure to the Dow Jones Commodity Index experience a significant reduction in
average returns, providing a possible channel for this observed effect. Robustness
tests indicate that the publication of commodity strategies in the academic literature
accounts for only about 25% of the observed decrease in commodity futures strategy
returns.
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Introduction

In this paper, we show that an unprecedented increase in investment capital into the
commodity futures market has significantly reduced the average returns of most commodity
trading strategies. Since 2004, the financialization of commodity futures markets has
emerged as a significant phenomenon characterized by a substantial increase in investment
capital. Around this period, both retail and institutional investors sought to diversify their
portfolios beyond traditional assets, such as stocks and bonds, by investing in commodity
futures (Basak and Pavlova (2016)). This trend led to a significant influx of investment
capital directed toward indexing, which involves tracking commodity indexes like the
S&P Goldman Sachs Commodity Index (SPGCI) and the Dow Jones Commodity Index
(DJCI). This growth in index investment capital has been remarkable, increasing from
approximately $15 billion in 2003 to around $200 billion in 2008 (CFTC (2008), Henderson
et al. (2015)).

Policymakers and academic researchers have extensively studied the financialization
of commodity futures markets. Early research predominantly focused on the influence of
index capital inflows on commodity prices and volatility. However, more recent literature
has expanded its scope to investigate the impact of changing price informativeness on
firms with significant economic exposure to commodities due to their production processes.
For example, Brogaard et al. (2019) find that financialization has diminished the ability
of these firms to extract valuable signals from market prices for decision-making purposes.

In this paper, we investigate the impact of financialization on the average returns of
twenty distinct commodity futures strategies. Our findings reveal a considerable decline
in the informativeness of commodity prices following the financialization of commodity
markets. Before 2004, thirteen of the twenty strategies we examined yielded at least
marginally significant returns. However, after financialization, only three strategies
continue to produce significant returns.

We put forth and examine two possible explanations for this stylized fact. The first
hypothesis contends that many of these strategies were previously able to capitalize on

idiosyncratic mispricings across various commodity futures. However, the financialization-



driven surge in index capital has led to the elimination of these mispricings. The second
hypothesis posits that a few systematic commodity factors, such as risk or behavioral
factors, underlie the returns of these strategies (see Kozak et al. (2018)). In this scenario,
an increase in index investors could decrease the average returns of these factors, thereby
lowering the average 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 across the twenty commodity futures strategies.
Our findings suggest that the average return of the individual factors has significantly
decreased following the influx of investor capital. Consequently, we attribute the decline
in average returns to commodity futures strategies as stemming from the reduction in
returns to a handful of factors that drive returns in this market.

The existing literature on commodity futures strategies posits that demand and
supply imbalances fundamentally drive the positive average returns of these strategies.
These imbalances serve as signals for speculative capital, indicating whether additional
capital is needed on the demand or supply side to facilitate market clearing. However, the
growing presence of commodity indexers, who are mainly net long and unresponsive to
demand imbalances, raises questions about the potential impact on the profitability of
commodity strategies (see Keynes (1930), Singleton (2014), Henderson et al. (2015)). Our
findings speak to this question. Specifically, we find that strategies with higher exposure
to index capital experience significant reductions in profitability.

To address the concern that the decrease in strategy returns may be due to the
widespread adoption of these strategies rather than the financialization of the market,
we conduct tests similar to those in McLean and Pontiff (2016). Our findings suggest
that approximately 75% of the average decline in returns can be attributed to the
financialization of commodity markets, while the remaining 25% results from the increased
popularity of these strategies.

The results in this paper are important for several reasons. First, we uncover a novel

channel through which the financialization of commodity futures has impacted the asset

1See Chabakauri and Rytchkov (2021) for a general equilibrium model of this effect.



class. Specifically, we show that the influx of index capital has depressed returns to most
commodity strategies. Second, we introduce 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. Lastly, we show that the decline in strategy
returns follows from significant exposure to commodities in popular long-only commodity
indexes such as the DJCI.

This study contributes to three main strands of the literature. Firstly, it adds to the
body of research on cross-sectional and time-series predictability in commodity futures
markets. A number of recent studies have identified several variables that successfully
predict fluctuations in commodity returns: carry and basis (Szymanowska et al. (2014),
Bakshi et al. (2019), Koijen et al. (2018)), momentum (Miffre and Rallis (2007), Szy-
manowska 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)).? Our research expands upon this literature by comparing the average returns of
these strategies before and after financialization. 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. Using a six-factor
linear asset pricing model, we find that the returns to all twenty strategies we study are
attributable to systematic variation in this cross-section.

Our second contribution is to the strand of the literature that studies how the
financialization of commodity markets has affected the cross-section of commodity fu-

tures. CFTC (2008) finds that open interest and investment inflow into commodity

2Section 1.2 and the Appendix (A.2) provide an in-depth explanation of the economic rationale behind
each variable and their construction.



indexes increased substantially around 2004. Cheng and Xiong (2014) discuss how this
phenomenon can affect commodity futures and, subsequently, the real economy. Boons
et al. (2014), Biyiiksahin 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 the
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 associated with 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 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 several prominent commodity futures strategies have materially declined after
the financialization of commodity markets. Our results suggest that the fall in strategy
returns has happened 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 finds
that returns are on average, 58% lower. Similar results also hold in the forex market
(Bartram et al. (2023)). 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 most anomalies replicate. We focus on commodity
markets as opposed to equity and forex markets. Additionally, we do the exercise in the

spirit of McLean and Pontiff (2016), and Bartram et al. (2023), 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 remainder of the paper is organized as follows. Section 1 presents the data
and commodity trading strategies. Section 2 examines the impact of commodity markets
financialization on average returns to commodity strategies. Section 3 explains the
economic rationale behind the decay and explores an index-investing channel that can
help rationalize our findings. Section 5 provides robustness checks. Finally, Section 6

concludes.

1 Data and commodity futures strategies construc-
tion

Our sample begins in March 1986 and ends in August 2021. We collect end-of-day data
on liquid commodity futures contracts from the Commodity Research Bureau (CRB) for
the period spanning March 1986 to December 2014. Extending our analysis to August
2021, we incorporate data from Datastream (now Refinitiv) and Factset. March 1986
is selected as the starting date to ensure access to futures returns data for a sufficient
number of commodity strategies across different sorting variables, while also maintaining
balance between the pre- and post-financialization periods.® Overall, our analysis covers
32 commodity futures contracts across four major sectors: agriculture, livestock, energy,

and metals.

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. Specifically, we adopt the approach outlined in Bakshi

3At each point in time, there are at least 25 commodities to be allocated into (at most 5) portfolios
for each sorting variable. Moreover, the starting date aligns with Szymanowska et al. (2014).



et al. (2019) for constructing commodity excess returns between period ¢ and ¢ + 1. At
the end of each month-t, we enter a position in the commodity-specific futures contract
with the second shortest maturity, guaranteeing that its first notice day occurs after the
end of month ¢ 4+ 1. By rolling into the shortest maturity contract before the first notice
day for each commodity, we ensure 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.

The returns of the long and short commodity futures positions are computed as:

n 1 1 1
Tiilg = 7“7{ + 7@ (Ft(+)1 - Ft( ))
t

short _ o f 1 p) _ py

Tevr =T — oy Wl t
t

f )

where r; represents the interest earned on a fully collateralized futures position, and Ft(1
denotes the price of the next maturity futures contract at the end of month ¢.° Excess

returns between period ¢ and t 4 1 are then calculated as:
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Table A.1 in the Internet Appendix presents the descriptive statistics for the indi-
vidual commodity futures excess returns. For approximately 25 out of the 32 commodities
under study, the average return is positive. This indicates that a long-only rolling strategy,
as outlined earlier, typically yields a positive return over our sample period. Consistent
with findings in the literature (see Bakshi et al. (2019)), individual commodity strategies

tend to exhibit high volatility, resulting in Sharpe ratios of these long-only rolling strategies

4For further details on the futures return construction, we direct interested readers to Bakshi et al.
(2019), and to their Table I in the internet Appendix for details on the first notice day convention.

®Consequently, Ft(}r)l indicates the price of the next maturity futures contract observed at the end of

month ¢ 4+ 1 (i.e., when the position is closed), and Ft(o) denotes the price of the front-month futures
contract observed at the end of month ¢ (i.e. when the position is open).



typically below 0.25. Additionally, commodity futures often display positive skewness, as
observed in Table A.1, providing suggestive evidence for why it is the preferred asset class
of Trend-Following traders. Lastly, all commodities are available for at least two-thirds of

the sample period.

1.2 Investment strategies definitions

Several variables documented in the literature have been shown to forecast variations
in the cross-section of commodity futures returns. In this section, we elaborate on how
we construct these characteristics and subsequently form portfolios by sorting the 32
commodities we analyze based on these characteristics. We adhere to the portfolio sorting
scheme proposed in the articles that introduced each predictor.

First, we construct the commodity carry strategy following the approach outlined
in Bakshi et al. (2019) and Koijen et al. (2018), and the basis strategy as described in
Szymanowska et al. (2014) and Boons and Prado (2019). Both predictors have been
demonstrated to forecast returns in both the cross-section and the time series of commodity
futures.

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

Third, we construct the basis-momentum factor (BaMom) introduced in Boons and
Prado (2019), which integrates both momentum and basis fundamental signals. This
factor is associated with the slope and curvature of the commodity futures curve, and
it reflects imbalances in the supply and demand of future contracts that arise when the

market-clearing ability of speculators and intermediaries is impaired.



Fourth, we incorporate a set of volatility-based measures. The coefficient of variations
computed using spot prices (C'VDhu) is sourced from Dhume (2010), while the one using
returns (CVSzy) is obtained from Szymanowska et al. (2014)). Additionally, we include a
volatility factor (Volat) constructed as outlined in Gorton et al. (2013), which the authors
demonstrate to be linked to inventory levels.

Fifth, we construct the inventory predictor (Inven), inspired by Gorton et al. (2013).°
The theory of storage (Kaldor (1939), Working (1949), Brennan (1958), and Deaton and
Laroque (1996)) relates to the timing option inherent in holding a storable commodity. The
act of deferring the consumption of a commodity to the future (i.e., when its supply might
be scarce) drives its prices above the value of consuming it immediately and generates
the convenience yield of holding the commodity. Therefore, according to this theory, the
carry of a storable commodity directly translates into the cost of storing it. Holders of
inventories earn a convenience yield that is a decreasing and convex function of inventory
levels. Thus, the commodity futures risk premium diminishes with increasing inventories.
For a comprehensive review of this topic, we also refer to Cheng and Xiong (2014).

The sixth set of variables is related to the hedging pressure theory of Keynes (1930)
and Hicks (1939). Hedgers in the futures market tend to be in a net short position and
want to eliminate their risk. To incentivize other market participants to assume this risk,
hedgers must offer their counterparties a premium to induce them to take the long position.
Hedging pressure (HedPr) has been demonstrated 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
shown to similarly predict commodity prices beyond imbalances among hedgers.

The seventh set of variables aims to exploit the cross-sectional heterogeneity in the
conditional correlation between commodity returns and prominent macro-variables (see
Erb and Harvey (2006), Gorton and Rouwenhorst (2006) and Szymanowska et al. (2014)).
We include an inflation-8 (InfiB) variable, which is based on the conditional correlation

between commodity future returns and inflation, and a dollar-5 (DollB) variable, aiming

6We express our gratitude to Martijn Boons for generously sharing the inventory data with us. The
inventory factor covers the period only up to 2011.



to exploit a similar correlation between commodity futures returns and exchange rate risk
(commodity future prices are typically denominated in a currency, often the U.S. dollar).

Eighth, we sort portfolios based on a liquidity variable (Liqui), specifically the
Amivest measure proposed by Amihud et al. (1997), which is inspired by Marshall et al.
(2012) and Marshall et al. (2013). Expected commodity excess returns can reflect the
contract’s liquidity, as liquidity may vary across futures or maturities.

Ninth, we construct a standard value factor ( Value), following the methodology
outlined in Asness et al. (2013) and Baba Yara et al. (2021). The value factor is computed
using long-term past returns, building on the well-established literature that identifies
correlations between past returns and book-to-market ratios (see De Bondt and Thaler
(1985), Daniel et al. (1998), and Gerakos and Linnainmaa (2018)).

Tenth, we construct a skewness factor (Skewn) following the approach outlined by
Fernandez-Perez et al. (2018). As demonstrated by the authors, in line with predictions
from theories on investors’ skewness preferences or selective hedging, this factor yields
significant returns and is capable of explaining the cross-section of commodity futures
returns.

Finally, we include a level factor as proposed in Bakshi et al. (2019). This factor is the
equally-weighted commodity strategy (Averg) that goes long in all available commodities

at month ¢.

2 Financialization and the cross-section of commodity
futures returns

In this section, we offer a brief overview of the financialization of commodity futures

markets and underscore its impact on various commodity futures strategies.

2.1 Background on financialization

Traditionally, the commodity futures market has been primarily dominated by two main

participants: commercial hedgers and noncommercial traders. Commercial hedgers
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typically consist of primary producers of commodities, such as farmers, and primary users
of commodities, such as oil refineries. These participants engage in hedging activities to
mitigate the risk associated with spot-price fluctuations affecting their business operations.
On the other hand, noncommercial traders include managed money traders such as hedge
funds and Commodity Trading Advisors (CTAs). These entities take positions on either
the long or short side of the market, aiming to help balance out the demand and supply
dynamics between primary commodity producers and users.

Around the turn of the millennium, there was a remarkable surge in fund flows into
commodity futures as an asset class. Index investment inflows into this space surged
from approximately $20 billion in 2003 to more than $200 billion in 2008 and to about
$300 billion in 2010 (CFTC (2008), Irwin and Sanders (2011)). Concurrently, the total
U.S. exchange-traded futures and futures options trading volume increased from around
630 million contracts per year in 1998 to about 3.2 billion contracts per year in 2007,
with growth observed across all commodities. As documented by Boons et al. (2014)
and Brogaard et al. (2019), among others, open interest across numerous commodities
remained relatively stable between 2000 and 2003. However, it experienced a significant
upsurge after 2004.” As highlighted in reports by Domanski and Heath (2007), CFTC
(2008), and Irwin and Sanders (2011), the number of contracts outstanding in exchange-
traded commodity derivatives (and their dollar values) surged by more than threefold.
Concurrently, there was a notable shift in the composition of market participants, with
the entry of institutional and index investors (Domanski and Heath (2007), Boons et al.
(2014), Irwin and Sanders (2011), Brogaard et al. (2019)). By 2008, approximately 24%
of the total net notional value of funds invested in commodity indexes was held by "Index
Funds," while approximately 42% was held by "Institutional Investors" (CFTC (2008)).
Overall, this shift in market structure, dated to the beginning of 2004 in the literature

(see Boons et al. (2014), Basak and Pavlova (2016), Brogaard et al. (2019), among others),

"Figure A.6 visually demonstrates this surge in commodity investments, which the literature dates back
to the beginning of 2004. The figure illustrates the total open interest in the cross-section of commodities
expressed in both the number of outstanding contracts and dollar terms. Post-financialization (i.e., after
2004), total open interest spiked to record-high levels. This supports the literature’s consensus in dating
the financialization to the early 2004 period (refer to Basak and Pavlova (2016), Brogaard et al. (2019),
Goldstein and Yang (2021), among others).
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is referred to as the financialization of commodity futures markets.

Academics, regulators, and practitioners continue to investigate the precise effects
of financialization on commodity markets. Theoretically, Basak and Pavlova (2016) and
Goldstein and Yang (2021) show that the rapid increase in indexing activity should
impact commodity prices and volatility. However, the empirical evidence remains mixed.
Studies by Stoll and Whaley (2010) and Hamilton and Wu (2015) find no evidence of
increased index flows affecting commodity prices or volatility. Conversely, Singleton (2014),
Henderson et al. (2015), and Brogaard et al. (2019) present evidence to the contrary.

Furthermore, financialization has influenced the informativeness of commodity prices.
Goldstein and Yang (2021) demonstrate that as financialization grows, the noise introduced
into commodity markets by financial hedgers becomes predominant, outweighing the
positive effect of financial speculators on price efficiency, thus diminishing overall price
informativeness. Similarly, Brogaard et al. (2019) observe a reduction in commodity
price informativeness in response to commodity financialization, though they attribute
this effect to the index investing mechanism. An increasing number of empirical studies
across other asset classes suggest that index investing, in general, leads to poorer price
informativeness (and higher price volatility), as seen in studies such as Israeli et al. (2017),
Ben-David et al. (2018), and Coles et al. (2022).

Our paper contributes to the ongoing debate by introducing a new perspective on
how increased indexing in commodity markets has impacted their dynamics. Whereas the
traditional debate has primarily focused on the impact of financialization on prices and
volatility, our contribution centers on the returns generated by commodity strategies, which
can be viewed as compensation for speculators. In response to commodity financialization,
where commodity prices become less informative (Brogaard et al. (2019) and Goldstein
and Yang (2021)), the signals upon which many investment strategies rely may lose their
overall informativeness, potentially compromising the profitability of these strategies. To
the best of our knowledge, we are the first to explore the implications of commodity
financialization for commodity futures trading strategies. This endeavor is particularly

enlightening, given that most indexers who have entered this market since 2004 have done
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so under the assumption that commodity futures offer a risk premium to which one should

unconditionally gain exposure.

2.2 Disentangling commodity futures portfolio returns

As is standard in the literature, we sort commodities based on the characteristics outlined
in Section 1.2 and 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 the methodologies outlined in the referenced studies and is further
detailed in Section A.2 in the Internet Appendix.

Table 1 presents summary statistics for all the long-short commodity futures strate-
gies under study. Across the entire sample, approximately 50% of the strategies exhibit
statistically significant average returns at the 5% level, with an additional 15% showing
significance at the 10% level (see Figure A.2). We also observed that the long-short
portfolios have similar volatilities for individual commodity futures. However, while
Sharpe ratios of less than 0.25 are commonplace for individual commodities, Sharpe ratios
for strategies that have at least a marginally significant return are higher than 0.25.%

When decomposing the return of the strategies into their pre- and post-financialization
components, we observe a striking result. Among all the strategies with a significant
average return over the entire sample, only Carry and Skewness remain significant in the
post-financialization period (see Figure A.3). In other words, about 80% of the commodity
strategies that exhibit significance over the entire sample period seem to have generated
their average return from a period before the current regime.’

For most of these strategies, the loss of statistical significance does not stem from

an increase in volatility but rather from a reduction in average returns. This is an

8Figure A.1 shows that the correlations among the strategies are generally not very high, except for
some strategy pairs, such as momentum strategies. Additionally, when we conduct spanning tests of
the return to each strategy on a constant and another strategy, we find that approximately 55% of the
unique pairs deliver a statistically significant constant (see Table A.2). This number is even higher if we
exclude all those strategies that never deliver significant returns (e.g., DollB or CvSzy). This evidence
highlights that the returns from the trading strategies tend to capture fairly different dynamics in the
commodity futures markets.

9When moving the split date even just five years before the financialization of commodities markets
(i.e., to January 1999), there are nearly as many strategies with average returns different from zero in the
periods before and after the split date (see Table A.3).
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interesting fact to document, considering that the discussion in the literature regarding
how financialization has impacted commodity markets has primarily focused on the
price and volatility channels. Our findings suggest that the volatility of commodity
futures strategies has remained relatively unchanged. However, the average returns they
generate have experienced a significant deterioration. It is also worth pointing out that
hedging pressure is the only strategy with an insignificant average excess return in the
pre-financialization period but a significant return post-financialization. This is interesting
because hedging pressure is a strategy with a strong theoretical foundation for why it
should earn a risk premium in this asset class.

Therefore, Table 1 presents a novel empirical finding in the commodity futures liter-
ature: the returns to several commodity futures strategies fade away post-financialization.
Thus, we demonstrate that the financialization of commodity futures markets, character-
ized by the influx of investment capital into this asset class, has impacted the market
through a previously unexplored channel.!’ The sudden increase in passive investment
capital into an asset can significantly depress average returns.

This effect of financialization is further illustrated in Figure 1, where we plot
the difference in returns to the strategies post-financialization against the returns pre-
financialization. The negative effect is evident for most of the strategies individually, with
commodity anomalies exhibiting higher returns pre-financialization tending to show more

pronounced declines in returns post-financialization.'!

3 What explains the decay in average returns?

In this section, we shed light on the economic rationale behind the decline observed in

average excess returns of commodity futures strategies post-financialization.

10A decline in returns is also observed in other asset classes (namely, equity and forex) after the
publication of trading strategies in academic literature. Therefore, one might worry that the decline
in the returns to the commodity strategy we observe post-financialization might be capturing a similar
phenomenon. In Section 5.1, we conduct robustness tests that rule out this potential alternative
explanation.

HEigure A.5 illustrates the evolution of trading strategies not previously applied in commodities
by previous literature. As observed, most strategies in commodity markets experience a reduction in
profitability post-financialization. Section A.8 provides further details.
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3.1 Systematic or idiosyncratic deterioration?

We begin by introducing and evaluating two main hypotheses aimed at elucidating the
decline in returns of the commodity strategies around financialization.

First, it is plausible that the returns generated by the factors were primarily due
to idiosyncratic mispricing. Therefore, as more investment capital flowed into the asset
class, this mispricing was gradually eliminated. Second, we consider the possibility that a
simple linear factor model adequately prices the cross-section of these commodity futures
strategies. If this is indeed the case, the decline in returns must originate from more
fundamental drivers of variation in the economy. Recent research, such as that by Kozak
et al. (2018), suggests that the existence of a limited set of pricing factors implies that
the returns to these strategies derive from a small set of underlying primitives. This
still leaves the question of whether or not the primitives are driven by risk or behavioral
factors.

To disentangle the two hypotheses, we employ a simple linear asset pricing factor
model that does not take a stance on the nature of the pricing factors. Using the risk-
premium principal component analysis (RP-PCA) technique introduced by Lettau and
Pelger (2020), we extract latent factors from the cross-section of commodity futures
portfolios. RP-PCA is a generalization of PCA designed to extract latent factors that
simultaneously fit both the time series and the cross-section of expected returns. We
examine the scree plot presented in Figure 2, which displays the first 15 eigenvalues
to identify relevant factors. We observe three dominant factors and three weaker yet
potentially significant factors. We select these six factors for further analysis.

To assess which hypotheses the evidence supports, we conduct Fama and MacBeth
(1973) tests of the returns to commodity futures strategies on the first six RP-PCs over
the entire sample period and two subsamples centered around financialization in 2004.
This asset pricing approach operates on the principle that, in the absence of arbitrage
opportunities, the Euler equation dictates that risk-adjusted returns on each zero-cost
portfolio should average to zero. With excess returns to commodity portfolios denoted as

R; and a stochastic discount factor (SDF) represented as M;, the following relationship
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should hold:

E[RM,] =0 (2)

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

E[R;4] = N i (3)

where the risk premia to a particular strategy i depend on the price of risk (A) and the
strategy’s loadings on the factors (;).'> Thus, in our analysis, this corresponds to the
regression coefficients of the excess returns to each commodity investment strategy on the
(latent) risk factors, i.e., the RP-PCs. We estimate these coefficients using a standard
Fama and MacBeth (1973) two-stage procedure, as commonly done in the literature.

Table 2 presents the results of the analysis. In Panel A, it is evident that the six
latent factors can explain a substantial portion of 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.'® This pattern persists when examining Panels B and C,
representing the pre-financialization and post-financialization periods, respectively. These
findings contradict the first hypothesis, suggesting that the strategies do not represent
idiosyncratic mispricing that has been arbitraged away after financialization.

The analysis further reveals that a significant portion of the principal components
(PCs) have experienced changes in risk premia post-financialization. Specifically, over
60% of the PCs have seen reductions in risk premia, with PC3 experiencing reductions
exceeding 100% and PC2 experiencing reductions as small as 2%. PCs 5 and 6 have

instead both experienced an increase. These results provide suggestive evidence in favor

12The relationship between the factor prices and the factor loadings is determined by the covariance
matrix of the factors (Xp): A\ = X,0.

13Moreover, the alphas in the first step are all jointly equal to zero in the time-series regressions, as
highlighted by the results of the GRS test. Similarly, the intercept is statistically zero when we allow for
a free intercept in the cross-sectional tests.
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of hypothesis two, indicating that the most likely reason for the lack of significant average
excess returns in almost all commodity futures strategies post-financialization is associated
to adverse changes in the systematic primitives that drive them.*

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 for individual asset pricing tests. To address this concern, we report the first
stage Fama and MacBeth (1973) results in Table A.4. These results confirm that the
six-latent factor model adequately prices all twenty commodity futures factors in both
the total sample and both sub-samples.

Figure 3 illustrates the ten-year rolling average of the latent factors, providing
insights into their dynamics over time.'” Notably, the dominant systematic factor (PC1)
exhibits a trend of declining average returns. Before financialization, the average return
of PC1 consistently exceeded 3%, but it has since trended toward a negative price of risk.
In fact, the last ten-year average of this factor is currently negative. Additionally, the
third latent factor (PC3) has experienced a significant deterioration in average returns.
Lastly, the figure highlights changes in the price risk of PC6, which exhibited a marginally
negative average return pre-financialization but has shown a significantly positive average
return in the post-financialization period. These observations further underscore the
impact of financialization on the dynamics of commodity futures markets.

Taken together, the results from the asset pricing test support the hypothesis that
the influx of investment capital into the commodity futures market around 2004 is indeed
associated with a deterioration in the returns to the strategies under study. Furthermore,
this reduction occurred through the influence of a handful of systematic factors that the

strategies load on.'°

14Tt’s worth noting that the results remain consistent even when considering a seven- or eight-latent
factor model, as additional RP-PCs exhibit limited explanatory power across all subsamples and lack
significant price of risk (see Table A.5).

15Using total open interest as a proxy for flows, Figure A.6 shows that the flows of capital into the
commodity futures market kept increasing even after the large sudden spike around the financialization.

16This finding underscores the significance of these systematic factors in driving variations in the
returns of commodity futures strategies. Given that this is a new factor model in the cross-section of
commodities, further characterization of these latent factors can provide additional insights into their
properties and their role in shaping commodity market dynamics. Thus, in the Appendix A.12, we take
the opportunity to characterize some of their properties better.
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3.2 Index flow channel

Next, we delve into index investing as a potential channel behind the observed systematic
deterioration in average excess returns of commodity futures strategies post-financialization.
We utilize data on constituents of the Dow Jones Commodity Index and their weights,
sourced from Standard & Poor’s, spanning from January 2000 onwards.

To test this potential mechanism, we employ the following baseline specification:

Riyyi=0;,+1Diy +T'D;y %0 + €411 (4)

where: i) R; ;11 represents the returns to commodity investment strategy 4, ii) o
is a dummy capturing strategy fixed effects, iii) D, is a dummy variable that takes the
value one if strategy ¢ at time ¢ has exposure to any commodity in the top-3 weighted
commodities in the DJCI index'”, 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, interpreted as an "exposure by time fixed effects" indicator, allows us
to control for the increasing inflows of capital into the commodity markets (and, therefore,
into the commodities index) over time. This variable also absorbs variation coming from
other potential time-varying confounding omitted effects that impact index-exposed and
non-index-exposed strategies differently.

The results of these tests are presented in Table 3. The coefficient of interest,
[, captures the average effect on the returns to the strategies of trading commodities
with high weights in the commodity index. As observed in column (1), exposure to the
index has a significant negative effect on the average returns of a strategy. Specifically,
a commodity investment strategy experiences about a 70 basis points drop in returns
whenever it trades commodities with top-3 weight in the DJCI.

Furthermore, column (2) repeats the analysis with the inclusion of an open interest

variable as a control, capturing additional omitted effects of the increasing capital inflows

1"The 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 four times larger than the
average weight of the third highest weighted commodity.
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not perfectly captured by the coefficients I'. Similarly, column (3) includes a dollar open
interest variable, i.e., open interest multiplied by the spot price. Overall, the results
remain robust to the inclusion of these additional controls.

In summary, the findings indicate that index flow, and therefore index investing, is
a fundamental channel through which financialization has impacted commodity futures

strategies.

4 Model

In this section, we develop a dynamic general equilibrium model to examine how the
introduction of index investing influences investment strategies within the market for risky
assets. Building upon the two-tree, two-agent framework of Chabakauri and Rytchkov
(2021), our model incorporates index investors and active traders, allowing us to analyze

the differential impacts of indexing on asset returns and investment behaviors.

4.1 Model Framework

Our economy consists of two agents, Agent A and Agent B, two Lucas trees representing
two risky assets, and two goods. Agent A represents hedge funds and similar market
participants who actively trade individual assets. Agent B represents investors who
participate in the market exclusively through index investing. The two Lucas trees
correspond to two distinct risky assets with differing expected returns and volatilities,
facilitating the exploration of heterogeneous investment strategies.

Time is continuous and extends indefinitely, ¢ € [0,00). Uncertainty is modeled
via a probability space (€2, F,F, P), supporting a two-dimensional Brownian motion
7 = (21, Z,) € R2. The filtration F = (Ft)tefo,00) is the usual augmentation generated by

the Brownian motions, with F,, = F.
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4.1.1 Endowments, prices, and assets

Each Lucas tree produces a differentiated good, with output following a geometric Brownian

motion. The output of tree j is defined as:

dY;e =Yy (piedt + 05,dZ,), j € {1,2} (5)

where p;, is the drift of the process and o, is the diffusion coefficient. We model
each tree as being driven by a single Brownian shock and so 0;; has zeros every where
besides the i'th index.

The prices of these goods are denoted by p;; and pe,. P/ is the price of the
consumption basket for investor i. All prices are defined with respect to a global numeraire

taken to be the CES-basket with a on good 1. Specifically, we normalize [api?e +(1-—
a)p%;e]l/(l_e) to 1.
4.1.2 Returns

Both trees are traded equity assets with returns given by:

dQ]t p]t
Qj,t Q],t

where @);; is the price of the tree j at time ¢. Economically,

dR;; = Lt (6)

Q]: represents the

]a

capital gain and % the dividend yield which together give the total return for owning
J»

tree j at time t'%.

We redefine the dividend yield as Fj; pJQtiY” allowing us to rewrite Equation 6 as:
J,t

(p]t / )
dR,; oo B dt
" (pjvt J,t/ j,t) "

de7t = [LRJ.,tdt + URj7tdZt (7)

The supply of each equity asset is normalized to unity and there also exists a bond,

18See Appendix A.13 for more details on the derivations
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which is locally riskless in units of the numeraire. Its price is B; and the corresponding
instantaneous return is 74, so that dB; = B;rdt.

Stocks constitute a market portfolio (index), which pays the aggregate dividend
Y, = p1.Yis + p2.Yo, and has price Q; = Q14 + Q2. We show in appendix the return

process for the index can be expressed as:
AR, = pg, dt + o'y, ,dZ,,

with

PRt = Sthrit + (1 — St)rots  Orpt = St0R ¢ + (1 — S8¢)0Ry 4.
Q1
Qt

the individual drifts and volatilities of the component assets, weighted by their relative

Since s; = the drift and volatility of the index return are determined by

importance in the total index value. It is important to explicitly state that the index
volatility simplifies to a linear combination because the Brownian shocks are orthogonal.
4.1.3 Preferences

Each investor has recursive preferences over consumption a la Duffie and Epstein (1992).

Preferences are given for i € {A, B} by:

Vie= o UﬂUWM (8)

1,u’ 2u7w1u7w2u ut

eV = (11—_17¢> Y [( (- w‘)CV]” (””>1W : pi]

where ¢ is the coefficient of relative risk aversion, 9" is the elasticity of intertemporal

substitution and p’ is the discount rate.
The consumption basket is composed of the two goods, which aggregates under

constant elasticity of substitution # and bias in consumption o’.

L
6—

Ci=|a"%C ) + (1 -« ) C 9)
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We introduce this basket to define a real numeraire and simplify relative price

analysis.

4.1.4 Investment Strategies and Budget Constraints

Investors allocate their wealth between risky assets and the risk-free bond, but their
investment opportunities differ based on their type.

Agent A (Active Traders) can invest directly in the individual risky assets. Let
wﬁt denote the fraction of Agent A’s wealth allocated to asset j, for j € {1,2}. The
remaining wealth (1 — wi, — w,) is invested in the risk-free bond. Agent A chooses wy',

and wé‘l’t to maximize their utility.

The budget constraint for Agent A is:

thA 2 A A A 2 A / -
i =|r+ Z wi, (/Lp%t — rt) — Pfc | dt + Z WiLOR; ¢ dZ, (10)
j=1

J=1

Agent B (Index Investors) is restricted to investing only through the market
index. Let @ denote the fraction of Agent B’s wealth allocated to the index. The
remaining wealth (1 — @2) is invested in the risk-free bond. Agent B cannot adjust the
allocations to individual assets independently of the index.

The portfolio holdings for Agent B in individual assets are derived from the index

composition. Specifically, the weight on asset j for Agent B is:
B ~B Qj,t
wy, =W, - == 11
Jit 3 Qt ( )
where WP can be thought of as just leveraging up or down the market index. Thus,

the budget constraint for Agent B is:

AW p

/ —
= (re+ @ (ur, o — 1) — PPel) dt + (wfon,,) dZ, (12)

Both agent types use the proceeds to purchase their desired consumption basket
¢t = C!/W} at price Pf. Investors are also subject to the transversality condition, and we

also have W} > 0 and W > 0.
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4.2 Equilibrium

An equilibrium is defined as a set of stochastic processes for the risk-free rate r;, expected
excess returns pqe, diffusions of returns Xq¢, consumption streams Cj,j = A, B, and

portfolio strategies w;;, 7 = A, B, such that:

1. Optimization: C}; and wj; solve the utility maximization problem for each agent j.

2. Market Clearing: Aggregate consumption equals aggregate dividends: Cy;+Cp; =
Y;.

3. Asset Market Clearing: The supply and demand for each asset clear the market:

wftWtA + wftWtB = Q14 (13)
w;tWtA + wftWtB = Q2 (14)
(1— wft — wﬁt)WtA +(1- wft — wgt)WtB =0 (15)

Given that Agent B invests via the index, we have wf, = Q1,/(W/ + W/) and

wyy = Qat/ (W + WF).

4.2.1 State variables

Wealth share

The first variable that summarises the state of the economy is the wealth share of the first
investor. The wealth share is a relevant state-variable in our economy because wealth is
not constant as in standard log utility models. Additionally, wealth is not a monotonic
function of other fundamentals in the economy. Wealth share fundamentally captures
time-varying Negishi weights as discussed in Dumas et. 2000, Anderson (2005) or Colcaito
and Croce (2011, 2013).
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M-1 k
Y=o Wi

Tyt =

We solve for dynamics of the process in A.14 and the dynamics of x;, follows:

dx it -

?‘1 = (Mwi,t - /fo,t + U;f,t(aaﬁ?,t - Uwii)) dt + (Uwi,t - Uxf,t) dZt (16)
dz; By

s po e dt + xy00, A7,

J:j,t ’

Realtive supply of trees

The second state variable is the relative supply of good 1. This is defined as:

Y,
_ ) 17
Yt YLt n Y% ( )
We solve for dynamics of the process in A.14 and the dynamics of y;; follows:
%:( =2t 0n (02, — 0 ))dt—i—(a —0’2>,d2 (18)
Yid g — Hy2 4 y2,t\Ty2 ¢ Y; Y; Y2t t
dy; >
2= Moy tYedt + th;,tdZt
Yt

5 Robustness tests

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

returns to the strategies under study.

5.1 Financialization versus academic research

Thus far, we have argued that financialization is associated with declining returns to
commodity futures strategies. However, a plausible alternative narrative is that the

publication of these strategies in academic journals may trigger this decline, independent of
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financialization. This is a compelling alternative because most strategies under examination
were published post-financialization. To investigate this possibility, we adopt an approach
akin to McLean and Pontiff (2016) in equity and Bartram et al. (2023) in forex. Formally,

we run variations of the following baseline specification to assess this alternative hypothesis:

Riy = o+ By Post-Financialization Dummy;, ,+ (2 Post-Publication Dummy, ;+e;,. (19)

Table 4 presents the results, with standard errors for all the tests clustered on time.
Specifically, in our first test, we regress the returns to all the strategies we study on a dummy
variable that takes the value zero before January 2004 (i.e., pre-financialization) and one
afterward (i.e., post-financialization). The estimated coefficient on the dummy variable
for this specification is negative and statistically significant, confirming the findings from
our portfolio sorts that the returns to the trading strategies decay post-financialization.
Specifically, starting from 2004, the average returns to a typical commodity futures
strategy have declined by about 51 basis points per month. The pre-financialization
average returns of the strategies are approximately 78 basis points per month.

In the second test, we regress the returns to the commodity strategies on a dummy
that takes the value zero before the publication date of a strategy and one afterward.
While previous literature has documented a decrease in returns to trading strategies
post-academic publication in equity and forex markets, the dynamics in commodities have
not been analyzed yet. The estimated coefficient from this second specification is similarly
negative and significant. Hence, the result suggests that the typical commodity strategy
has also experienced a return decay after the strategy was published in an academic
journal, quantifiable at around 46 basis points per month.

To disentangle which of these two alternatives drives what fraction of the decay, we
regress the returns to the strategies on two dummies. The first dummy takes the value
of zero before financialization and one afterward. The second takes the value of zero
before publication in the academic literature and one afterward. We report the results as
specification 3 in the table. As is evident, the post-financialization dummy subsumes the

post-publication dummy. After financialization, the average commodity strategy has lost
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about 44 bps per month on average. After publication, the strategies lost an additional 14
bps on average, although the estimate is statistically insignificant. Therefore, the results
of this test strongly suggest that the financialization of commodity markets is associated
with the most decay in returns rather than 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) confirm the findings from specification (3) regarding the financialization
effect.!?

Overall, around 75% of the observed decay in returns to commodity strategies can
be attributed to the financialization of the market, with the remaining portion stemming

from the publication of the strategies in the academic literature.

5.2 Potentially confounding periods after the financialization

To address potential concerns regarding the influence of the global financial crisis (GFC)
and the COVID-19 pandemic on commodity futures strategy dynamics, we repeat the
baseline analysis but exclude the GFC years (2007 to 2009) and the COVID-19 year (2020)
from our sample.?’

Our analysis indicates that the key findings remain qualitatively consistent. As
depicted in Table A.11, we continue to observe a decline in the returns to most commodity
strategies post-financialization. This evidence corroborates the idea that the return
deterioration is associated with systematic dynamics related to the financialization of
commodity futures markets. To further reinforce the robustness of our findings, it is worth

mentioning that in a specification similar to column (1) of Table 4, the magnitude of the

19 Additionally, if we regress the returns on the stock market on the financialization dummy, the
estimated coefficient is small but positive. However, including the returns to the market as a control in
the specifications in Table 4 does not affect the results. This evidence suggests that the behavior of the
overall market does not seem to explain our findings. The results of these additional tests are available
upon request.

20However, it is important to note that by omitting the early years of the financial crisis, we may also
remove some dynamics stemming from the late part of the financialization that occurred during that
period.

26



post-financialization dummy remains significant, indicating a decay of approximately 50
basis points per month. In other words, the average returns to a typical commodity futures
strategy have deteriorated by about 50 basis points per month after financialization, even

when the GFC and COVID periods are removed from our sample.

6 Conclusions

In this paper, we investigate the impact of financialization and the growth of indexing
on the average returns to commodity futures investment strategies. We show that of
the thirteen commodity futures strategies with a significant average return before the
financialization of commodity markets, only three remain profitable afterward. We find
that this decline in strategy returns is primarily associated with a dramatic fall in the
average returns of the systematic factors driving expected returns in this asset class.
Our findings offer compelling evidence supporting the notion that the financialization
of commodity markets and indexing has impacted certain commodity market participants.
Our results align with the model of Sockin and Xiong (2015), in which information frictions
hinder commodity futures market participants from effectively utilizing price and volume

data to make profitable investment choices.
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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 period covers monthly data 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) is 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 (i.e., 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.
We compute test statistics (tstat) using Newey and West (1987) corrected standard errors (with lag
selection following Andrews (1991)). Cross-sectional R? are in percentage points. Additionally, we report
(GRS) F statistic p-values (F p-value) to test the joint null hypothesis that all alphas for the time series
regressions are jointly zero, as well as the x statistic p-values (y p-value) to test whether, when allowing
a free intercept in the OLS cross-sectional (CS) regression, the alphas are zero. allowing a free intercept
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.4 in the Appendix.

Panel A Full Sample

Factors Intercept PC1 PC2 PC3 pPC4  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]
tstatgy [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

F p-value  (0.993)
X p-value  (0.996)

Panel B Pre-Financialization

Factors Intercept PC1 PC2 PC3 pPC4  PC5 PC6

Mean (%) 46.09 15.67 14.51 0.99 2.25  -5.bb

RP (%) 0.45 44.04 13.40 13.69 1.55 0.97 -6.07
tstat,,, [0.45] [3.80] [2.70] [1.76] [0.36] [0.14] [-1.12]
tstat,y, [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

F p-value  (0.935)
X p-value  (0.984)

Panel C Post-Financialization

Factors Intercept PC1  PC2 PC3 PC4 PC5 PC6
Mean (%) 15.88 1530 -3.29 -0.42 596 14.26
RP (%) 1.39 11.55 12.29 -531 -0.06 5.76  14.26
tstat,, [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

F p-value  (0.996)
X p-value  (0.999)
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Table 3: 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-¢ has exposure to
any commodity in the top-3 weighted commodities in the index, and a dummy that at ¢ is equal to one
for all strategies that have at least a commodity with top-3 exposure to the index. All regressions include
factor fixed effects. Column (1) reports the results when restricting the commodities to have top-3 weights
in the DJCI Index over the (monthly) period 01/2004 to 08/2021 (i.e., the post-financialization period).
Column (2) repeats the same exercise but adding open interest as a control variable; while, Column (3)
adds dollar open interest as a 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 CEE)

D+ -0.707*  -0.568* -0.549**
Observations 4139 4139 3933
Factor Fixed Effects Yes Yes Yes
Exposure by Time Fixed Effects Yes Yes Yes
Control for Open Interest No Yes No
Control for Dollar Open Interest No No Yes

Table 4: 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
(1) (2) (3) (4)
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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Figure 2: First
This figure plots

15 eigenvalues
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

sample period covers monthly data from March 1986 to August 2021.
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Figure 3: Rolling-window average latent factors

This figure plots the ten-year rolling average return of each RP-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 sample period covers monthly data 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

II



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

IV



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: Correlation matrix of the commodity investment strategies (Full Sample)
This heatmap shows the correlation matrix of the commodity trading strategies. The sample period covers
monthly data 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) is analyzed in Table 1.

A.3 Correlation Matrix of the Commodity Trading Strategies
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A.4 Average Returns to the Commodity Trading Strategies

(Across Subsamples)
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Figure A.2: 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 period covers monthly data 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) is analyzed in Table 1.
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Figure A.3: 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 period covers monthly data 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) is analyzed in Table 1.
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A.5 Date of Financialization

As mentioned in the main part of the paper, the consensus in the literature is to date the
financialization to the beginning of 2004 (see Basak and Pavlova (2016), Brogaard et al.
(2019), Goldstein and Yang (2021), among others). This choice is typically justified by
the observed spike in commodity investments around that period (see figure Figure A.6).

To further substantiate the chosen date of financialization in this study, we conduct
a hierarchical Bayesian analysis using the returns of the commodity trading strategies.
This methodology allows us to infer the most likely date of financialization by examining
changes in the average returns of the strategies.

We begin by specifying an uninformative prior distribution for the date of financial-
ization. Given our sample period, we assume each date is equally likely and define the

breakpoint (date of financialization) 7 as follows:

P(7) ~ Uniform[1986/03/31, 2021/07/30], (20)

Let 7;; denote the return of a commodity trading strategy ¢ at time ¢. We assume

that each return process follows a strategy-specific normal distribution:

rie ~ N, 07) (21)

where p; and o? are the mean and variance of the returns of strategy i.
Our interest is in testing whether or not the average returns of commodity trading
strategies change around an unknown date 7. To formalize this, we allow for a possible

change in strategy-specific average returns before and after the breakpoint:

N (i, pre, 1.0),  fort <7,
Tig ™~ (22)

N (s, post; 1.0),  fort > T,

We also assign a Half-Cauchy prior on the standard deviation of the returns for all
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strategies before and after the breakpoint:

o; ~ Half-Cauchy(0, 5.0) (23)

Our primary interest lies in the posterior distribution of the breakpoint 7, which
represents our updated beliefs about the timing of financialization’s impact on commodity
futures strategies, given the observed returns. We obtain this distribution by applying

Bayes’ rule as follows:
P(data|T) - P(7)
P(data) ’

P(r|data) = (24)

where P(data|r) is the likelihood of observing the data given the breakpoint 7 and
distributional assumptions on the data, and P(data) serves as a normalization constant.
To compute the likelihood of the data given the breakpoint, we integrate out the strategy

returns:

P(datalT) = /P(data‘ﬂpre; Hposts ) - P(:upre; Hpost; T |T) dfipre dpipost do, (25)

We implement this integral using a Markov Chain Monte Carlo (MCMC) algorithm,
specifically the No-U-Turn Sampler (NUTS), to sample from the posterior distribution of
the breakpoint 7.

Figure A.4 shows the posterior distribution of the breakpoint 7, which is centered
around January 2003. About 95% of the posterior mass sits on January 2003. This is
about 11 months ahead of the current consensus date in the literature, and so we choose to
stick with the literature date of 2004. This should make our results more comparable with
existing studies. Moreover, a Wald test (from the frequentist perspective) to determine if
the returns of the trading strategies are jointly different before and after 2004 would also

confirm that the returns statistically change around the financialization date.
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Figure A.4: Distribution of Financialization Date

Figure 2 presents the results of our Bayesian analysis to infer the most likely date of financialization based
on changes in the average returns of commodity trading strategies. Panel (a) shows the uninformative
prior distribution, which assumes each date between March 31, 1986, and July 30, 2021, is equally likely
to be the date of financialization. Panel (b) depicts the posterior distribution of the financialization date
after updating our beliefs using the observed returns data. The posterior distribution is centered around
2003. This finding supports our choice of using the literature date of 2004 as the breakpoint for the pre-

and post-financialization periods in our main analysis.
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A.6 Spanning Tests
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A.7 Styled Fact - Robustness (Date Before Financialization of

Commodity Markets)

XVI



€9°0- FI°0- LE6I ¢Le OURA ¢TI0 99¢l 879 OlTRA 8T°0 €00 FI8I 650 OU[RA

7e0- 200~ 6LCT ST'T- mbry 800 €00 TTCT €0 mbry 020~ ¥00- LGST 090 mbry
200~ 000 6891  L0°0- upadQ) 19°0- 8T°0- ¥¢0z  99°¢- upadQ €0- L00- 0281 €8T upadQ
090- €10~ 8%C  TI'¢ sIseq] €T 90 €0l L6l sIseq] 8¢'0  0T0 TLGT 18T sIseq]
09T 9¢0 T0°LT ¢19  AZGAD L00- 200~ CFST 6¢°0- £7ZG\D 8T'T 0 GGLT L€ NG
€e  Tho  0gLT 8C'L . IdPOH 62°0- ¢I0- €861  STT IJPoH 9¢’T 10 LT'ST €°¢ IJPoH
er0 600 90°CT ¢z ¢TWol €0z 80 0102 TL6  wxCTWON RC'T €0 LE8T1C €8F ¢TWo
1€7- 870~ 920z ¥6'6-  ..dlod 760 920 L¥LI 197 qroa F1- $20- T1L61  L9¥- qroa

0¢0- ¥0°0- 8¥¢c €6°0- ToA9Y 05€ 480 7¥91¢C 8E'RT soxx TOAY 89T L0 ¢TECC L09 «1OAY
€1 960 Geel 9 EAEINY 9T S0 G976 €Y RGN I8T 8E0 00°¢CI eqy RO
€0¢  ¥0 ¢CTEC 8C°0T e d BUT Le0 L00 TO6IT 1! dpul @1 ¢TE€0 08'1¢ L0°L «dBUT
ST 660 T9VC 9L cOWoN veT 870 0€7C LLTT WO 80'¢c 960 T¥vC 88 «EQWON
€T L0 CTERC L. CITdOIN @1 090 ¥E6¢C 0L%1 «6TJOIN gre 960  L9°8¢C Al «GTdON
€L0  ST0 ¥¥1C €Ce 1B[OA L6C 990 €79¢ ce'Ll L (VAN vee  9€0 €¥EC aes xxTB[OA
€80 8T'0 8&¥¢ 9ey TOWoN 91'c 080 999¢ GG°0C s [OWON 6¢¢ Iv0 G09S €C0T < IQWOIN
e LV0o  €6°€C 9CTT  «IOWON 68°0 €¢0 807¢C (4" 90WON 8F'¢  8E€0 L6°EC P16 «90WON
L&T  8C0 L8LI ¢0¢  JAD c0€  TL0 9€91 81T e WAAD vee €70 vELI 19, 0dAD
0€¢- L90- 0€€T 06°8- +x UOAU] veT- 6€0- ¢4Vl 09°G- UoAU] G¢'¢- T90- €6°€l 61°L- sx LWOAU]
¢¢'T  8€0 €€9C 86'6  WOINRY 6I°¢ 080 PEEC 89BT  wxMON®YH 8¢ C9'0 6C°4C ETET e WON®Y
¢9€¢  LL0 S¥0C CLGT s UMONS 08T 670 €91¢ 09°01 MG 00% 190 €8°0¢C 98°CT xS
c8€ €80 06'LT G6FT  sxshile) 9L°¢ TLO ¥T0¢C 0971 pxsAITRD) 8% 6.0 9L8I 81 pxxAITRD)

sy MS  %PIS  UBAIN  10Rg | 1eIs) S Y%PIS  QUedNN 108 | jeIs) S %PIS  YUedlN 10908

6661-150d 666T-°1d ordureg g

oA %0T PU® %G ‘9T ‘AToAI1100dSOI ‘O1[) 1R TUROYIUSIS SOIRUIIISO |, ‘., ‘..
U1m 930uap oA\ ((166T) SMOIPUY SUIMO[[O] UOIPIA[S Se[ [IIM) SIOLID PIRPURIS PIYIAIIOD (LRGT) 1SOA\ PR AomoN Sulsn (7p1s7) SO1ISIIRIS 1507 9NdUIod 9\ “OIjRl
odreyg o) 0 s10Jo1 g -oSejuediod Ul pozifenuue oIe (pig) SUOIYRIAOD pIepue)s pue (umajy) SUINOI o8RIOAY "666] Arenue[ punore 4ids st ojdures o) oI0UYM ‘G661
I9gje pue oI10Joq spoliod o) IoA0 ‘Aoa1ioedsal ‘sorgoel)s o1} 10§ so13s1ye)s oApdrIosep oyj 110del spoued JYSLI pue o[ppru o) ‘O[IYM “(T120Z/80 01 986T1/€0) ©rep
JO orduues [N o} IOAO SOIS9)RI)S o) 0) SWINIDI oY) I0J SO1IsIIR)S o) sp10dol [oued 4o oY, 105108 PUR ‘WRIIISRIR(] ‘g WOIJ PaJI[0d oI BIep 98], "130%
ISNSNY 01 98T YOIRIN WOIJ SWINJAI AJPOWIOD 0] SOLILS [UOW-Jo-pua PIng ap “(610g) T8 10 Tysyeqg SUIMO[[0] UOTIISATOD ARD 9210U ISIT Y} JUNOIIR OJUT SoxR)
SUINJDI S$90X6 9Y) JO UOIIONIISU0D 9 [, 7 ] UOIJ08G Ul PACLIISIP SOIISLIFIORIRYD SY[] UO N SOIFOIRIIS JUSUIISOAUT AJTPOUWIOD 91} 0F SWINGSI Y} s110dol o[qr) SIY T,

(6661 punore j11dg ‘sejduresqng Ioa()) se189)RI}G JUSUIISOAU] A}POUWIWIO)) ) 0} SWINIIY - SO1IS1IRIG oATIdLINSa(] (€'Y 9[qR],

XVII



A.8 Equity Trading Strategies

In this section, we explore strategies in commodity futures markets that are inspired by
the equity literature but have not been previously implemented in the existing commodity
literature. Specifically, we adapt strategies outlined in Chen and Zimmermann (2020) for
application to commodities whenever feasible. We retain the following set of strategies,

for which we refer to their paper for further details on construction:

e 52 week high;

o CAPM beta;

o Downside beta;

o Idiosyncratic risk;

o Intermediate momentum
o Kurtosis;

o Lottery;

e Maximum return over month;
o Momentum-Reversal;

e Momentum and Volume
o Past trading volume;

e Price;

o Seasonality;

o Tail risk beta;

e Volume trend;

o Volume variance;
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Overall, we observe a decline in the profitability of these trading strategies around
financialization (see Figure Table A.5 below). However, the dynamics of a couple of
strategies tend to now move in the opposite direction to our baseline findings, i.e., they
gain profitability after financialization. One of these strategies is CAPM beta, and it’s
well-established that the correlation between commodities and equities increased around
financialization (see, for example Tang and Xiong (2012) and Boons et al. (2014)).

Moreover, in untabulated results, we regress the returns to these strategies on a
dummy variable that takes the value one after financialization and zero before. We find
that the strategies tend to experience a loss in profitability of around 20 basis points per
month around financialization. Although this result is not statistically significant and
quantitatively half of what we find for the baseline commodity strategies in Table 4, it
qualitatively reinforces the evidence of a decay in excess returns in commodity trading

strategies around financialization.
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5 Pre-financialization Returns vs Post-Financialization Difference

Difference in Returns Post-Financialization

_3 L L L L L L L
-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

Pre-Financialization Returns

Figure A.5: Relation between pre- and post-financializtion returns to equity strategies
This scatter plot shows the relation between the monthly returns to the 17 equity strategies (we apply
to commodities) 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 period covers monthly
data from March 1986 to August 2021.
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A.9 Unconditional Asset Pricing Test - 1st Stage Regressions
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A.10 Total Open Interest in Commodity Markets

Total $ Open Interest
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Figure A.6: Total ($) Open Interest
This figure plots the sum of dollar open interest and open interest over time for the commodities in our
sample. The data cover the period March 1986 to August 2021 and are retrieved from the CFTC. Both

series are normalized to equal one in December 2003, i.e., at the outset of the financialization.
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A.11 Unconditional Asset Pricing Test - Higher Number Of

Latent Factors
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Table A.5: Unconditional Asset Pricing Tests (Over Subsamples) - 8 Latent-Factor Model

This table presents the results for the second (cross-sectional) stage of the Fama and MacBeth (1973)
asset pricing tests, employing a higher number of latent factors compared to Table 2. We use as test
assets the returns to the commodity investment strategies presented in Table 1; while, the eight candidate
factors are the first eight RP-PCs extracted as in Lettau and Pelger (2020). Panel A reports the results
for the test conducted over the full sample (i.e.,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. We compute test
statistics (tstat) using Newey and West (1987) corrected standard errors (with lag selection following
Andrews (1991)). 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.12 Characterising the latent factors

We here characterize the properties of the latent factor model presented in Section 3 which,
as shown, thorugh a handful of systematic factors is able to account for the dynamics of
the returns to the commodity strategies. As 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 mainly focus our analysis on the

properties of these latent factors.

A.12.1 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 A.6.

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. PC4 is quite neatly identifiable as a basis-momentum factor; and PC5 appears
to load primarily on momentum factors, and secondarily on open interest and liquidity.
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.
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A.12.2 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:

RPPCJ = ¢y + ¢ AMacroFin + ¢ (26)

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.

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 A.S.

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 (CPIAUCSL 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

21Table A.7 lists and describes more in details the variables and the sources from which they are
retrieved.

22Tn 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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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
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.9 and Table A.10 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.

A.12.3 Macro-Financial Variables - Tables
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A.13 Returns

The geometric drift and diffusion terms for the returns process are obtained from applying

Ito’s lemma to the definition of returns. We define returns as:

d(P'tY't/F't)
dR; s = 2P0 L B dt
7 (pj7th,t/Fj7t) o
dRj, = jig, vt + oy ,dZ, (27)

using remark ?7. Define generic Ito processes for p;,. as:
dpjﬂg = pj,t (/lejﬂgdt + O'pj,tdZ_)t) (28)

Using the results for the product of two Ito processes, we have:

d ((pjtYjs)) >
(pj,tﬁﬂ,t) = (,Upj,t + Ky; + Upj,tO'yJ) dt + (Upj,t + 0'}/]) dZt
d((pj+Y; -
E; ]tgf]t;)) = Lpytdt + opydZ;
]7 ]7
d (py;i+) 7
m = /,prj’tdt + O-pyj,tdZt (29)
where we have simply redefined py;; = dpie¥ie) g1 notational convenience. Again

(4, Y5,¢)

applying Ito’s Lemma to d (py,) /Fj., we have:

d (py;r) [ Fjs

/ —
(py't> /Ft = (:U’py,t - :LLFj,t — U;yﬂjf,t) dt + (Upy,t - UFj,t) dZt (30)
s s

Substituting drift and volatility terms from 29 into 30 and then into 27, we have:

!
dRm = (Fj’t + ,upj,t + ,UYJ- + O';jiayj + O'Fj,t/O'F]-,t — /’I’Fj,t — (Upj,t + O'yj) O'Fj,t> dt

+ (O'pjﬂg -+ O'Yj - UFj,t)/dZt (31)
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Index Returns
We define the index as a value-weighted portfolio of Lucas trees. Let us focus on
the case of two Lucas trees. Let ()1 and ()2, be the prices of the two trees. The total

index value is:

Q1 = Qup + Qo

Because each good j is sold at price p;;, the combined dividend paid out by the

index in terms of the numeraire is:

P1Y1t + D24Yos.

The total index return dR; is defined analogously to the single-tree case, as:

dQ; n P1Y1 + P24 Yoy

th -
Qe Q:

dt.

The index return consists of the capital gain (d@;/Q;) plus the dividend yield from
both assets aggregated together, (p1:Y1+ + p2.tYar)/ Q.
We define the portfolio weights of the index in terms of the value shares of the

individual assets:

With these weights, we can express the index return as a weighted combination of

the returns of the two individual assets. Let the return on tree j be dR;

de,t + pj,tY’,

t
dt.
Qjt Qjt

de,t —

By construction, the index return is just the value-weighted average of the two tree
returns:

th = SthLt + (]. — St)dRQ,t‘

This relationship is key—it allows us to use the results obtained for individual trees
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to determine the index’s return process.
From the single-tree derivation (see Appendix A.13), we know that each tree’s return

can be written in the Ito form as:
dRj, = i, vt + oy ,dZ,,

where jig, ; and og, ; are the drift and diffusion terms for the j-th asset’s return. Each
pr;, encapsulates the effect of the dividend yield, the price dynamics of the underlying
asset, and the Ito correction terms. Similarly, og; gives the response of the return to the
Brownian shocks dZt.

Substitute these into the index return:
dR; = s¢(fig, dt + a}zl’tdZt) + (1 — s¢)(ppysdt + J}%Q,tdzt).
Grouping terms, we obtain:
dR; = [sitr, ¢ + (1 — 80) Ry e]dt + [si0p, ¢ + (1 — St)aRg,t]/dZt-

From the above, we see that the drift of the index return, pgy, is a weighted average

of the individual assets’ return drifts:

fRe = Stttry e + (1 — Sk, -
Similarly, the diffusion (volatility) term is also a weighted average:
Ort = 8t0p,t + (1 — St)0Ry ¢

Because the index is value-weighted, its drift and volatility naturally aggregate the
underlying assets’ return characteristics proportionally to their share in the index.

We can rewrite the dividend yield portion of the index return more explicitly. Define
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the index dividend yield F} as:

_ P1,eY1 + P2eYoy

F,
' Q:

Since Y} = Y1, + Yo, and @y = Q14 + Q24, the index’s dividend yield is also a

value-weighted combination of the individual dividend yields F}; = ]Qtiyit
J»

Ft = StFl,t + (1 — St>F27t.

This ties the interpretation neatly back to the fundamentals: the index is a portfolio
with weights s; and (1 — s;), and hence its return components—both drift and dividend
yield—inherit this weighting structure.

The return process for the index can be expressed as:
th = /LR,tdt + O-;%,tth

with
PRt = Sthryt + (1 — St)lryt, Ort = St0Rpt + (1 — S¢)0Ry 4.

Q1
Q¢

Since s; = , the drift and volatility of the index return are determined by
the individual drifts and volatilities of the component assets, weighted by their relative

importance in the total index value.

A.14 State variables

Wealth share

The first variable that summarises the state of the economy is the wealth share of the first
investor. The wealth share is a relevant state-variable in our economy because wealth is
not constant as in standard log utility models. Additionally, wealth is not a monotonic
function of other fundamentals in the economy. Wealth share fundamentally captures
time-varying Negishi weights as discussed in Dumas et. 2000, Anderson (2005) or Colcaito
and Croce (2011, 2013).
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Wi

Lit = M1k
) — k
k=0 Wi
1
- i
it =
i

We solve for dynamics by defining the numerator and denomitor separately and

solve for them.

M-1
vt = > wk
k=0
M-1 ' M-1
def = > pwWidt+ > WioldZ,
i=0 i=0

we denote the drift and volatility of the denominator as:

M—1 i
_ pi Wy
Ha?t = > 5
j=0 Tt
M—1 1y7i
= Wi
Ux?,t - 1_2 J
1=0 t
The numerator is straightforward:
1 i
Tip= 4%

dw} = i, Widt + Wial, dZ,
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we denote the drift and volatility of the numerator as:

M@%,t = ,uw,-,t

Ozlt = Owgt

Then the dynamics of z;; follows:

dxj,t / A

E = (:uwi,t - pd:c%,t + O—I?,t(o—xf,t - 0wi7t)) dt + (Uwi,t o O—mf,t) dZt (36)
dz; ;

ﬁ = /,l/%t.ﬁ(}'tdt + ItO'; tdZt

Tt ’

Realtive supply of fruits

The second state variable is the relative supply of good 1. This is defined as:

Yiu

= 37
Yii+ Yoy (37)

Yt

We Wti > 0 and Yj; > 0 for all £ and ¢, j and so z; and y; evolve in the bounded

interval [0, 1].

Y
Yit = =1 Y,
Zk:() kit
1
_ Y
yj,t - 2
Yi

We solve for dynamics by defining the numerator and denomitor separately and

solve for them.

yi= > Y (38)
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M—1 M-1 -
dyt2 = Z M]}/;7tdt + Z Yj,tU;'dZt
j=0 7=0
we denote the drift and volatility of the denominator as:

M—1
pi Y
2y = Z it

2
j=0 Yt
M—1
-3 Ao,
Oyt = 2 T
=0 Yt
The numerator is straightforward:
1 _
Yjx = }/j:t

dyjl-’t = N]Yj,tdt + Y;"tO';-dZ_‘t

we denote the drift and volatility of the numerator as:

ILLytl7t = HYJ
Tyt = Oy;

Then the dynamics of y;, follows:

dy "t / —
T‘Jt = (Nj — M2t lezfyt(ay?,t - UYJ‘)) dt + (ayj B Uﬁi) a2
]7
dy; 7
St — My,tytdt + th;7tdZt
Yt
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