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ABSTRACT

We provide a model to understand the effects of commodity futures financialization
on various market variables. We distinguish between financial speculators and finan-
cial hedgers and study their separate and combined effects on the informativeness of
futures prices, the futures price bias, the comovement of futures prices with other
markets, and the predictiveness of financial trading. We capture the interactions be-
tween commodity futures financialization and the real economy through spot prices
and production decisions. A dynamic extension illustrates how key variables change
over time in a period of acute financialization in a way that is consistent with ob-
served empirical patterns.

THE TWENTY-FIRST CENTURY HAS SEEN many developments and changes in
finance. A prominent one among them is the financialization of commodity
futures markets. These markets traditionally served mostly commodity pro-
ducers and users looking to hedge their exposures and trade on their infor-
mation. Around 2004, a new trend emerged whereby financial investors such
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as commodity index traders (CITs), commodity trading advisers, and hedge
funds entered these markets and became dominant players in them. The dis-
tinct feature of these financial traders is that, unlike the traditional players
in these markets, they have no direct exposure to commodities in produc-
tion/consumption activities. This trend led to a surge in academic studies, in-
cluding work by Tang and Xiong (2012), Cheng and Xiong (2014), Basak and
Pavlova (2016), and Bhardwaj, Gorton, and Rouwenhorst (2016).

Interest in the financialization of commodity futures markets is driven to a
large extent by concerns about what it might imply for price discovery in the
futures markets, spillovers to the spot markets, and consequences for produc-
tion and consumption of commodities. The so-called “Masters Hypothesis” put
forward by hedge fund manager Michael W. Masters in his testimonies before
the U.S. Congress and U.S. Commodity Futures Trading Commission (CFTC)
holds that the large inflow of financial capital into commodity futures markets
is responsible for the 2007 to 2008 spike in commodity futures prices (see Ir-
win (2012), Irwin and Sanders (2012)).! An overview in the 2011 Report of the
G20 Study Group on Commodities (p. 29) notes that “(t)he discussion centers
around two related questions. First, does increased financial investment alter
demand for and supply of commodity futures in a way that moves prices away
from fundamentals and/or increase their volatility? And second, does financial
investment in commodity futures affect spot prices?” A burgeoning empirical
literature examines the effect of financialization on risk premia, market effi-
ciency, correlations between commodity markets and equity markets, return
predictiveness of financial trading, operating profits of commodity producers
and users, and other variables. Interestingly, this literature, which we refer to
more specifically below, often yields conflicting messages on the implications of
financialization.?

Given the stage of development of the empirical literature and the debates
within it, there is need for theoretical frameworks that provide a unified ap-
proach to better understand the mechanisms and interpret the empirical find-
ings. In this paper, we attempt to provide such a unified framework.? Our
model is built in the tradition of the classic papers by Danthine (1978) and
Grossman and Stiglitz (1980) but adapted to address the question of how fi-
nancialization of commodity futures markets affects various parameters of
commodity markets and real outcomes.

We begin by noting that financial traders are not all alike. In particular,
there are two distinct motives for trading, which characterize different finan-
cial traders to different degrees: speculation and hedging (see, e.g., Cheng and
Xiong (2014)). First, based on costly information on commodity demand and
supply fundamentals, hedge funds and other financial traders enter these mar-
kets to pursue speculative gains. Second, some financial traders enter these

1 This kind of complaint prompted the CFTC to add CIT position supplement to the traditional
weekly Commitments of Traders (COT) reports, starting in 2007.

2 See Irwin and Sanders (2011), Fattouh, Kilian, and Mahadeva (2013), and Cheng and Xiong
(2014) for excellent surveys on the empirical findings on commodity financialization.

3 We review existing theoretical work and explain our distinct angle below.
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markets to diversify and hedge exposures that they have in other investments.
Unlike commodity producers and users, financial traders are not directly in-
volved with commodity spot markets, but rather attempt to improve portfolio
efficiency by adding commodity futures to their other investments. Accordingly,
we examine the effects of two groups of financial traders—one motivated by
speculation and one motivated by hedging—for commodity markets as well
as their real effects. Importantly, we also examine the implications of finan-
cialization overall by studying the effects of a financialization wave in which
financial speculators and hedgers enter the market in constant proportions.
This exercise is motivated by the observation that financialization was not
geared toward any particular group, but rather offered new trading opportuni-
ties to all financial traders, resulting in both hedgers and speculators entering
the market.

To demonstrate the main effects, we start with a static framework that fea-
tures one commodity good and two periods (f = 0 and 1). The spot market for
the commodity opens at date 1 and the spot price is based on the commodity’s
supply and demand. The commodity’s demand is random, reflecting prefer-
ence shocks to date-1 commodity consumers. The commodity’s supply is deter-
mined endogenously based on commodity producers’ decisions, which are made
at date 0 conditional on the equilibrium futures price. At date 0, the commodity
futures market opens and the futures price is determined to clear the market.
Commodity producers can trade futures contracts alongside financial traders
and noise traders. Commodity producers have private information about later
commodity demand and thus speculate on their information when trading fu-
tures. In addition, they trade to hedge their production risk. Financial traders
belong to two types: financial speculators who trade on private information
about later commodity demand and financial hedgers who trade to hedge their
positions in other assets such as stocks.

We analyze the effect of financialization on price informativeness, which
can be thought of as market efficiency. As expected, financial speculators help
improve price informativeness, whereas financial hedgers reduce informative-
ness.* A priori, it is less clear how a financialization wave that brings the two
types of financial traders into the market in constant proportions would affect
price informativeness. Our model offers an answer. We show that the effect
of financial speculators dominates when the population of financial traders is
relatively small. Initially, when financialization is small in magnitude, the ad-
ditional noise brought by financial hedgers does not affect futures prices much.
As financialization grows in magnitude, however, the additional noise becomes
a more prominent determinant of futures prices. Our comparative statics re-
sults therefore suggest that growth in financialization first increases and then
decreases price informativeness. We discuss how this result can help reconcile
the mixed empirical findings that commodity financialization improved mar-
ket efficiency in the U.S. crude oil futures market (Raman, Robe, and Yadav

4 Consistent with our model, Ready and Ready (2022) find that commodity index investors move
the market through their hedging trades.
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(2017)) but depressed market efficiency in broader commodity index markets
(Brogaard, Ringgenberg, and Sovich (2019)).

We next explore the implications for the futures price bias, which is captured
in our model by the deviation of the futures price from the expected spot price.
Commodity financialization affects the magnitude of the bias through multiple
channels. First, adding more financial traders facilitates risk sharing, which
tends to reduce the bias. Second, as mentioned above, commodity financializa-
tion also affects price informativeness, which affects in turn the magnitude of
the bias through the amount of uncertainty that market participants have to
hedge against. Interestingly, financialization can also change the sign of the
bias in our model, as it affects the overall direction in which hedging pressure
pushes futures prices. We show how the various effects interact and document
conditions, under which futures prices drift further away from spot prices as a
result of financialization (one of the key concerns expressed by the G20 in the
quote above).

A variable of particular interest in the empirical literature is the comove-
ment between the commodity futures market and the equity market (see Tang
and Xiong (2012), Biiyliksahin and Robe (2014), Cheng and Xiong (2014), and
Bhardwaj, Gorton, and Rouwenhorst (2016)). Our model demonstrates that
financial hedgers generate a correlation between the two markets, whereas fi-
nancial speculators have a more ambiguous effect. Another key variable of in-
terest is the extent to which financial traders’ positions predict futures prices
(see Singleton (2014), Cheng, Kirilenko, and Xiong (2015), and Hamilton and
Wu (2015)). In our model, consistent with the empirical evidence, the positions
of financial speculators are much more reliable than those of financial hedgers
as a source of such predictiveness.

Turning to the effect of futures markets on spot markets and the real econ-
omy, we highlight a supply channel whereby a higher futures price induces
commodity producers to supply more of the commodity, which reduces the
later spot price through the market-clearing mechanism in the spot market.’?
This direct feedback effect differs from that in the vast literature reviewed by
Bond, Edmans, and Goldstein (2012), where financial market prices have a
real effect through the information they provide, although this more indirect
effect is also present in our model. Taking these effects together, our model
features strong spillovers from the futures markets to spot markets and the
real economy and thus underscores the importance of understanding the
impact of financialization, as in the second question from the G20’s quote
above. In this light, we explore the implications of financialization for the
profits and welfare of commodity producers. When financialization leads to
an increase (decrease) in price informativeness in our model, commodity pro-
ducers see higher (lower) operating profits. However, at the same time, their
welfare decreases (increases) as a result of the decrease (increase) in trading

5 As we discuss, our mechanism is related to but distinct from that in Leland (1992), where
an increase in the stock price causes the firm to issue more equity shares and make more real
investments, but the asset payoff is exogenous.
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and risk-sharing opportunities. These results are important for interpreting
empirical evidence and for policy. Brogaard, Ringgenberg, and Sovich (2019)
show that the decrease in informativeness following financialization has led
to a decrease in operating profits of commodity producers. While consistent
with our model, we show that the welfare implications for producers, who
participate in the futures markets, are opposite.

In the last part of the paper, we extend the model to a dynamic framework.
While the basic forces behind commodity financialization and their effects on
market outcomes can be understood through the lens of the static framework,
the empirical literature explores time variation in the variables of interest and
hence a dynamic framework can better map to this literature. We study an
overlapping-generations (OLG) setting following the static framework, where
an endogenous decision on commodity storage dynamically links the differ-
ent periods. To capture the nature of financialization, we set the model up
so that the population sizes of financial traders are small at the outset and
grow gradually during financialization before reaching steady state. Other
than the economic analysis, the computation of a nonstationary equilibrium
in which the sizes of investor populations are growing over time is a method-
ological contribution. Computing this equilibrium allows us to characterize
how the key objects studied in the static framework change over time during
financialization.

Using variables from the empirical literature on commodity futures markets
and from the broader literature on trading in financial markets, we calibrate
the dynamic model for the crude oil market, considering the 2004 and 2009
period as the phase of growing financialization. Our results demonstrate that
our model generates an increase in price informativeness, a decrease in futures
price bias, and an increase in the correlation with the equity market during
this financialization phase, all of which are consistent with the broad findings
of the empirical literature mentioned above. The results also replicate the use-
fulness of financial speculators’ positions in predicting futures prices and the
lack of predictive power from the positions of financial hedgers. While we fo-
cus on one commodity and a phase of growing financialization that reaches
steady state after six years, the methodology is flexible and can be adjusted
to allow for multiple commodities or for cycles in the size of financial trader
populations in the commodity futures markets (so that the economy features
both financialization and definancialization). Future research can explore such
adjustments building on our framework.

Related Literature. Our paper is broadly related to three strands of lit-
erature. The first is the literature on commodity financialization, which is
largely empirical and documents the trading behavior of financial traders in
futures markets and their pricing impact. Theoretical research on the sub-
ject remains scarce. Basak and Pavlova (2016) construct dynamic equilibrium
models to study how commodity financialization affects commodity futures
prices, volatilities, and in particular, correlations among commodities and
between equity and commodities. Fattouh and Mahadeva (2014) and Baker
(2021) calibrate macrofinance models of commodities to quantify the effect of
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commodity financialization. Gorton, Hayashi, and Rouwenhorst (2012) and
Ekeland, Lautier, and Villeneuve (2019) consider a combination of hedging
pressure theory and storage theory to study commodity financialization. Knit-
tel and Pindyck (2016) study a reduced-form setting of commodity financial-
ization using a simple model of supply and demand in the cash and storage
markets. Tang and Zhu (2016) model commodities as collateral for financing
in a two-period economy with multiple countries and capital controls. Chari
and Christiano (2017) develop a model to show that financial traders and tra-
ditional commodity traders insure each other. While these existing models of-
fer important insights, they all feature symmetric information and hence do
not address the key channels of our model involving price informativeness
and learning.

Three existing theoretical studies also analyze the effects of informational
frictions in the context of commodity financialization. Sockin and Xiong (2015)
focus on information asymmetry in the spot market. They show that a high
spot price may further spur commodity demand through an informational
channel and that in the presence of complementarity, this informational effect
can be so strong that commodity demand can increase with the price. Gold-
stein, Li, and Yang (2014) argue that financial traders and commodity produc-
ers may respond to the same fundamental information in opposite directions,
such that commodity financialization may have a negative informational effect.
Leclercq and Praz (2014) consider how the entry of new speculators affects the
average and volatility of spot prices. We view our paper as complementary to
these papers since it highlights different channels through which financializa-
tion affects prices and real outcomes. In particular, the feedback effect from
futures markets to the real economy in our model operates through the pro-
duction decisions of commodity producers. Moreover, financial trading injects
both information and noise into the futures market through the behavior of
different types of financial traders. These channels are empirically motivated
and generate very different implications, as our analysis demonstrates.

The second strand of related literature is the classic literature on futures
markets (see section 1.1 of Acharya, Lochstoer, and Ramadorai (2013) for a
brief review of this literature). This literature has developed theories of “hedg-
ing pressure” (Keynes (1930), Hicks (1939), Hirshleifer (1988, 1990)) or “stor-
age” (Kaldor (1939), Working (1949)) to explain futures prices. The literature
has also developed asymmetric information models on futures markets (e.g.,
Grossman (1977), Danthine (1978), Bray (1981), Stein (1987)). However, be-
cause commodity financialization is a recent phenomenon, these early models
focus on different research questions. The analysis in our model centers on the
implications of financial trading for various parameters in commodity markets
and real outcomes. This question is relevant in today’s markets and has not
been addressed by the earlier literature.

Finally, our dynamic analysis contributes to recent literature that develops
dynamic, noisy rational expectations equilibrium models to understand finan-
cial markets and the real economy. David, Hopenhayn, and Venkateswaran
(2016) link imperfect information to resource misallocation and quantify the
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losses in productivity and output due to the informational friction. Begenau,
Farboodi, and Veldkamp (2018) show that big data disproportionately benefit
big firms because a larger firm has produced more data, which attract more
financial analysis, reducing the firm’s cost of capital and enabling the larger
firm to grow larger. Benhabib, Liu, and Wang (2019) show that the mutual
learning between financial markets and the real economy creates a strategic
complementarity in information production, generating self-fulfilling surges in
economic uncertainties. Farboodi and Veldkamp (2020) explore how improve-
ments in data processing shape investors’ information choices about future
asset values or about others’ demands. They find that unbiased technological
change can explain a marketwide shift in data collection, but in the long run,
as data processing technology becomes increasingly advanced, both types of
data continue to be processed. Brunnermeier, Sockin, and Xiong (2021) exam-
ine active government intervention in financial markets. In their model, the
noise in government intervention becomes a factor driving asset prices, which
may divert investor attention away from studying fundamentals, leading to
negative consequences such as worse informational efficiency. Our paper com-
plements those studies by providing a dynamic framework to examine how
financial traders affect commodity markets through an informational channel.
We provide an approach to computing a nonstationary equilibrium and use our
analysis to understand the time variation in variables of interest.

The remainder of the paper is organized as follows. In Section I, we present
a static model to demonstrate the basic forces of commodity financialization.
In Section II, we analyze the implications of commodity financialization by
conducting comparative statics. In Section III, we provide a dynamic model to
better map to the empirical settings and show how commodity financialization
drives time variation in the key variables of interest. Finally, Section IV con-
cludes.

I. The Baseline Model

In this section, we present a simple static model with multiple types of finan-
cial traders (speculators and hedgers) and multiple types of shocks (demand
shocks, supply shocks, and financial market shocks). We interpret commod-
ity financialization as an increase in the population sizes of different types of
financial traders in the commodity futures market.

A. Setup

The baseline model lasts two periods: ¢ = 0 and 1. The timeline of the econ-
omy is described by Figure 1. At date 0, the financial market opens, and finan-
cial speculators and financial hedgers trade futures contracts against commod-
ity producers and noise traders. Commodity producers make their production
decisions at date 0, which determine the commodity supply in the spot market
that operates later at date 1.
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t = 0 (futures market) t =1 (spot market) time
! ; >
e Financial speculators observe private e Spot market opens and the
information 8, and financial hedgers commodity market clears at
observe private information &; price 7,
o Commodity producer i observes private » Cash flows are realized and
information 3;; all agents consume.

o Financial speculators, financial hedgers,
commodity producers, and noise traders
trade futures contracts at price p;

o Commodity producers make production
decisions, and financial hedgers make
investments in the private technology.

Figure 1. Timeline of the baseline model.

A.1. The Spot Market

There is one commodity good in our setting, such as oil or copper. The spot
market opens at date 1. The commodity supply is determined by the produc-
tion decisions of commodity producers, which we discuss below. Following Hir-
shleifer (1988) and Goldstein, Li, and Yang (2014), we assume that demand for
the commodity is implicitly derived from the preference of some (unmodeled)
consumers and is represented by the linear demand function

y=0+5—0. (D

Here, 7 is the commodity spot price, which is endogenously determined in equi-
librium. Variables § and § represent exogenous shocks to consumers’ commod-
ity demand. We can rewrite the demand function (1) as & = § + § —y, which
implies that § and § are two fundamental factors affecting the futures con-
tract’s payoff ¢ (note that the date-1 spot price 0 is effectively the payoff on the
futures contract traded at date 0).

Demand shocks § and § are normally distributed and mutually independent,
that is, § ~N@, 7, ') and § ~ N(0, 7; '), where § € R, 7, > 0, and 75 > 0. We
normalize the mean of § to zero since its mean can be absorbed by the mean of
0. We assume that traders can learn information about § but not about §. The
learnable component 6 represents factors on which there are many sources
of information available that traders can purchase and analyze. In contrast,
the unlearnable component § represents factors that are hard to predict given
available data sources.

A.2. The Futures Market

At date 0, the financial market opens. There are two tradable assets: a fu-
tures contract on the commodity and a risk-free asset. We normalize the net
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risk-free rate to zero. The payoff on the futures contract is the date-1 spot price
U of the commodity. Each unit of futures contract is traded at an endogenous
price p. Commodity producers, financial traders, and noise traders participate
in the financial market. Noise traders represent random transient demands in
the futures market and they collectively demand & units of the commodity fu-
tures, where £ ~ N(0, rgl) with 7z > 0. We next describe in detail the behavior
and information structure of commodity producers and financial traders.

Commeodity Producers. There is a continuum of commodity producers, in-
dexed by i. We normalize the mass of commodity producers to one. Commodity
producers are risk averse so that they have hedging motives in the futures
market. Specifically, commodity producer i derives expected utility from her
final wealth Wp; at the end of date 1. She has constant absolute risk aver-
sion (CARA) utility over wealth, —e #"»/| where B > 0 is the risk-aversion
parameter. Commodity producers make two decisions at date 0. First, they
decide on the quantity of commodities to produce, which determines in turn
the commodity supply at the date-1 spot market. Second, they decide on the
investment in futures contracts in the date-0 futures market. This investment
serves to hedge their commodity production and to speculate on their private
information.

When commodity producer i decides to produce x; units of commodities, she
pays production cost

. 1,

C(x;) =éx; + thi , 2)
where h is a positive constant and ¢ ~ N(¢, rc’l) with ¢ € R and 7, > 0. Random
variable ¢ represents a supply shock that we assume is public information.
Although this supply shock is not crucial in driving the results in our baseline
model, it is useful to calibrate parameters in the dynamic model analyzed in
Section III, since in reality commodity price patterns are affected by supply
shocks. Commodity producers are endowed with private information about the
demand shock 4. Specifically, commodity producer i receives a private signal §;
that takes the form

§i=0+¢. 3

Here, & ~ N(0, t,!) (with 7. > 0) and ({;};, 4, §, ¢) are mutually independent.
The futures price p is observable to all market participants and thus commod-
ity producer i’s information set is {$;, ¢, p}.

Commodity producer i’s problem is then to choose commodity production x;
and futures investment dp; (and investment in the risk-free asset) to maximize

E( _e*ﬁWRi

5.¢.5) (4)
subject to

Wp; = 0x; — C(x;) + (0 — p)dp;. 5)
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Here, dx; — C(x;) is the profit from producing and selling x; units of commodi-
ties. Selling x; units of commodities at a later spot price ¢ generates a rev-
enue of 0x;, which, net of the production cost C(x;), gives rise to the operating
profit dx; — C(x;). The term (0 — p)dp; is the profit from trading dp; units of
futures contracts. Specifically, at date 0, buying a futures contract is equiva-
lent to buying an asset that costs p and generates a payoff equal to the date-1
commodity spot price 9. In equation (5), we normalize commodity producer i’s
initial endowment to zero, which is without loss of generality given the CARA
preference.

Financial Traders. There are two types of financial traders: financial specu-
lators and financial hedgers. Both types of financial traders derive CARA util-
ity from their final wealth at the end of date 1, with risk-aversion coefficients
ys > 0 and yg > 0, respectively. We use Ag > 0 and Ay > 0 to, respectively, de-
note the masses of financial speculators and financial hedgers. In our setting,
what matters is the ratios A, = % and \g = ‘;—5, and thus we focus on these
two ratios in the subsequent analysis.

Financial speculators trade futures to exploit their superior information.
We assume that financial traders observe 6 perfectly. The idea that they are
more informed than other market participants is realistic to the extent that
financial speculators, such as hedge funds, generally have more sophisticated
information-processing capabilities. Financial speculators also observe public
information {¢, p} and thus their information set is {f, &, p}. Their problem is
to choose investment dg in futures to maximize

E[ e Ys(0—P)ds

4,¢, ﬁ]. (6)

Again, without loss of generality, we normalize the initial endowment of finan-
cial speculators to zero.

Financial hedgers trade futures to hedge positions they have in other as-
sets whose payoffs are correlated with the commodity market (and hence the
payoffs on commodity futures). We follow Wang (1994), Easley, O’'Hara, and
Yang (2014), and Han, Tang, and Yang (2016) in modeling this hedging be-
havior of financial hedgers. Formally, we assume that at date 0, in addition
to the risk-free asset and the futures contract, financial hedgers can invest in
another asset or private technology. This can represent a stock index in which
financial hedgers typically invest. Another real-world example is commodity-
linked notes (CLNs) that are traded over the counter and have payoffs linked
to the price of commodity or commodity futures. As documented by Henderson,
Pearson, and Wang (2015), regular issuers of CLNs are big investment banks,
which often invest in commodity futures to hedge their issuance of CLNs. More
broadly, introducing this additional asset is a modeling device meant to capture
the important feature that financial hedgers trade futures partly for their own
portfolio diversification and risk management goals, as emphasized by Cheng,
Kirilenko, and Xiong (2015).

The net return on the private technology is @ + 7, where @ ~ N(&, 7, 1) and
i ~ N(O, 1:,]*1) with @ € R, 7, > 0, and 7, > 0. Similar to commodity demand
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shocks, the net return on the private technology also has two components:
forecastable component & and unforecastable component 7. We normalize the
mean of 7 to zero since its mean can be absorbed by the mean of &. Variable
@ is independent of all other random variables and is privately observable to
financial hedgers. Variable ij is unforecastable, and importantly it is correlated
with the unforecastable commodity demand shock §. We denote the correlation
coefficient between 7j and § by p € (—1, 1). This correlation is the modeling in-
gredient that generates the hedging motive of financial traders in the futures
market. Financial hedgers’ problem is to choose investment dy in futures and
investment Zy in the private technology (and investment in the risk-free asset)
to maximize

E [ _e—vul0-P)du+@+iZn]

& ¢, ﬁ]. (7)

Here, (0 — p)dy captures the profit from trading futures and (& + 7)Zy cap-
tures the profit from investing in the private technology.

B. Equilibrium Characterization

In our setting, (6,6,£,{&;),,a,1,¢é) are the underlying random variables
that characterize the economy. These variables are mutually independent,
except that § and 7j are correlated with each other with correlation coeffi-
cient p € (—1,1). The tuple €= (Ag, Ay, B, h,0,¢, @, p, o, Ts, Tes T, Ta» Tys Tc) de-
fines an economy. Given an economy, an equilibrium consists of two subequilib-
ria, namely, the date-1 spot market equilibrium and the date-0 futures market
equilibrium. A formal definition of an equilibrium is given as follows.

DEFINITION 1: An equilibrium consists of a spot price function, v(4, §, é, p)
R* — R; a futures price function, p(d, @,¢, &) : R* - R; a commodity produc-
tion policy, x(5;, ¢, p) : R®> — R; a trading strategy of commodity producers,
dp(§;, ¢, p) : R? - R; a trading strategy of financial speculators, dg(d, ¢, p) :
R3? — R; a trading strategy of financial hedgers, dy(@, ¢, p) : R?> - R; and a
strategy of financial hedgers’ investment on the private technology, Zy (&, ¢, p) :
R?® — R, such that

(a) at date 1, the spot market clears, that is,

1
6+686—vb,5,¢p) = / x(8;, €, p)di, almost surely; (8)
0

(b) at date 0, given that 7 is defined by v(d, §, ¢, p),
(1) x($;,¢, p) and dp($;, ¢, p) solve for commodity producers’ problem
given by (4) and (5);
(ii) dg(8, ¢, p) solves financial speculators’ problem (6);
(iii) dy(@,é, p) and Zy (@, é, p) solve financial hedgers’ problem (7); and
(iii) the futures market clears, that is,
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1
/ dp($;, €, p)di + Agds(6, €, p) + Apdy(a,é, p) + £ = 0, almost surely.
0
9
We next construct an equilibrium in which the price functions v(d, §, ¢, p) and

p(d,a,é, &) are linear. As is standard in the literature, we solve the equilibrium
backward from date 1.

B.1. Spot Market Equilibrium

The commodity demand is given by equation (1). The commodity supply is
determined by commodity producers’ date-0 investment decisions. The com-
modity producers’ problem, given by (4) and (5), can be decomposed as

Bvar(0ls;. ¢, p)(x; +dRi)2

max [E(ﬁ — plsi, ¢, p)(x; +dp;) — } +max [px; — Cxy)).

xi+dp; 2
(10)
Solving (10), we have
E i ~i? ~7 D - D
xi+dp; = M (11)
Bvar(0[$;, ¢, p)
x; = h(p — @) (12)

The expressions above are similar to those in Danthine (1978). The intuition is
as follows. Since both real investment x; and financial investment dp; expose a
commodity producer to the same risk source 7, her overall exposure to this risk
is given by the standard demand function of a CARA investor, as expressed in
(11). According to this expression, the producer chooses a positive (negative)
position when the expected spot price is above (below) the futures price, and
the size of the position decreases in the risk it entails. Expression (12) says that
after controlling the total exposure given by (11), commodity producers essen-
tially treat the futures price p as the commodity selling price when making real
production decisions. In particular, since commodity producers have the same
production cost function C(x;), their optimal production in (12) is the same.

Aggregating (12) across all commodity producers delivers the aggregate com-
modity supply at the spot market

1
/ x;di = h(p — ©). (13)
0

By the market-clearing condition (8) and equations (1) and (13), we can solve
for the spot price 7, which is given by the following lemma.
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LEMMA 1 (Spot prices): The date-1 spot price U is given by
0=0+45+hé—hp. (14)

The second maximization problem in commodity producers’ problem (10) and
its solution in (12) demonstrate the feedback effect of the futures market on
commodity producers’ production activities. This effect says that an increase
in the futures price p directly encourages commodity producers to supply more
commodities. This effect is related to but distinct from the real effect of finan-
cial markets in Leland (1992). In Leland’s setting, a firm that issues shares
to maximize profits faces a similar problem as the second maximization prob-
lem in (10). As a result, an increase in the stock price causes the firm to issue
more equity shares (and implicitly make more real investments). However, in
Leland’s setting, the asset payoff is exogenous; in contrast, in our setting, the
payoff 0 on the futures contract is endogenously affected by the feedback ef-
fect, as formalized by Lemma 1. The 2011 G20 Report on Commodities raised
the following key question: “(D)oes financial investment in commodity futures
affect spot prices?” In our setting, such an effect does indeed exist because fi-
nancial traders’ investments in commodity futures will alter the futures price,
which in turn changes the later spot prices. Chen and Linn (2017) find that
changes in oil and natural gas field investment measured by drilling rig use
respond positively to changes in the futures prices of oil and natural gas. This
finding is consistent with the supply channel in (12) and the feedback effect in
(14).

B.2. Futures Market Equilibrium

We conjecture the linear futures price function
p = Bo + B.é + Byl + B,a + B:£, (15)

where the B coefficients are endogenous. We next compute the demand func-
tion of futures market participants and use the market-clearing condition to
construct such a linear price function.

By (11) and (12), commodity producer i’s demand for the futures contract is

E(901s;,¢,p)—p o
ar(oi. 6. p) LS (16)
S——

dp(3i, ¢, p)

hedging
speculation

As mentioned before, a commodity producer trades futures for two reasons.
First, she hedges her real commodity production of x; = A(p — é). Second, be-
cause she also has private information $; on the later commodity demand and
hence the later spot price 7, she speculates on this private information. The
expressions in (16) show how the total demand of the producer in the futures
market can be decomposed into these two motives.
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By (15), the information contained in the futures price is equivalent to the
signal §, in predicting demand shock 0,

p—By—B.é—B,a -~ d&-—a
A e T I . an
By My me
where
B B

my = B—z and m; = B_Z (18)

Signal §, is normally distributed with mean 6 and precision 7,, where

-1

T, = (m;ZT(;l + mgzrgl) . (19)

Precision t, measures how informative the futures price p is about the later
commodity demand “fundamental” 9, and so we refer to 7, as “price informa-
tiveness.” Using the expression of ¢ in (14) and applying Bayes’ rule to compute
the conditional moments in commodity producer i’s demand function (16), we
obtain

WSS 4 e (b +1)p

~ o~ o~ T+T.+7p
dp($;, ¢, p) =

B ;-ﬁ-l

Tg+Te+Tp Ts

—h(p—20). (20)

Solving financial speculators’ problem in (6), we can compute their futures
demand as

EG0.&5) - w

ds(6,¢,p) = — =
S ysvar(@|0,¢, p) Vs

[0+ hé — (R +1)B]. (21)
where the second equation follows from the expression of ¥ in (14) and applying
Bayes’ rule. Using the expression of 7 in (14), we can solve financial hedgers’
problem in (7) and find their futures demand as follows:

E@|a. ¢ p)+hé—(h+1)p P/Tr 5
= +Var(é|&,c~,ﬁ)] yH[ﬂ +var(9~|&,c~,ﬁ)]\/t_5

3

9 b )=
yH

speculation hedging

(22)
Financial hedgers also invest in futures contracts for two reasons. First, they
have invested in their private technology, whose payoff is correlated with the
commodity market and thus financial hedgers trade futures to hedge their
investment in the private technology. Second, financial hedgers speculate on
their private information & because they can use their knowledge about & to
draw inference about fundamental § from the futures price p. Specifically, by
(15), financial hedgers’ information set {&, ¢, p} is equivalent to the signal § in
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predicting demand shock 4,

~=é’+—, (23)

where m; is defined in equation (18). Signal § is normally distributed with
mean § and precision 7,, where

T = m?‘fg. (24)

Applying Bayes’ rule to compute E(d|G) and var(f|G) and inserting these mo-
ments into (22) to replace E(0|&, é, p) and var(d|a, ¢, p), we obtain

790+14G ~ ~
4 hi—(h+1)p 0T
dn(a,é p) =~ — - &  (25)
yH( T5 + rngrq) VH( Ts + 1'9+rq) \% Ts

We derive the equilibrium futures price function following the standard ap-
proach in the literature. That is, we insert demand functions (20), (21), and
(25) into the market-clearing condition (9) to solve the price in terms of ¢, , &,
and £, and then compare with the conjectured price function in equation (15)
to obtain a system defining the unknown B coefficients. Solving this system
yields the following proposition.

PROPOSITION 1 (Futures market equilibrium): For any given masses (Ag, Agr) €

R? _ of financial traders, there exists a linear financial market equilibrium with

price function (15), where the B coefficients are given in the Appendix. The equi-
1

T, Tt

librium is characterized by variable mg € (Agts, Fo T+ AsTs), which is de-
9t | 1

termined by

Te Ts

=+ )\gTs, (26)
BT+t +1p+7Ts sv

me

which is equivalent to a seventh-order polynomial of ms. In addition, if 8ty(1 —
02) > 15, then the equilibrium is the unique linear equilibrium.

The original system characterizing the equilibrium is defined in terms of
two ratios, m; and m,. It turns out that we can express m, as a function of m;,
so that the entire system is simplified into a single equation in terms of m; in
Proposition 1. We can further show that m; is bounded, which will be useful for
some analytical proofs in the subsequent section. Although we cannot demon-
strate uniqueness for all parameter values, we have tried various parameter
configurations, in particular those that violate the condition 87,(1 — p?) > T,
and find that the equilibrium is always unique.
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II. Implications of Commodity Financialization

In this section, we conduct two comparative statics exercises to examine
the implications of commodity financialization. First, we treat the mass Ag
of financial speculators and the mass Ay of financial hedgers as free param-
eters and conduct comparative statics with respect to these two parameters,
respectively. This exercise helps gauge the separate effects of financial specu-
lators and financial hedgers. Second, we fix the composition of financial traders
and conduct comparative statics with respect to the total size of the popula-
tion of financial traders. Formally, let Ag + Ay = A, Ag = ¢gA, Ay = ¢ i, where
L >0,¢g5 €(0,1), 95 € (0,1), and ¢5 + ¢z = 1. We conduct comparative statics
with respect to . This exercise uses one parameter 1 to proxy for commodity
financialization, which therefore gives an idea of the overall effect of financial-
ization.

A. Price Informativeness

As mentioned in Section 1.B.2, we use 1, to capture price informativeness.
This measure characterizes how much extra information the prevailing fu-
tures price p conveys about the futures contract’s “fundamental” (the commod-
ity demand shock § in our setting) to an outsider who observes only public
information é. Our price informativeness measure is broadly consistent with
the concept of market efficiency, which refers to the extent to which prevailing
market prices are informative about the future value of traded assets.® In this
section, we examine the effect of commodity financialization on price informa-
tiveness, a question that has received attention in prior empirical literature
(e.g., Raman, Robe, and Yadav (2017) and Brogaard, Ringgenberg, and Sovich
(2019)).

As shown by equation (19), 7, is positively related to two ratios: m; = g—g

and m, = g—z. Because By > 0,B; > 0, and B, < 0 (by Proposition 1), we have
ms > 0 and m, < 0. Accordingly, we examine m¢ and |m,|. A higher m; indi-
cates that the price p is more sensitive to the fundamental § relative to the
exogenous noise trading £. A higher |m,| indicates that the price is more sen-
sitive to 0 relative to the endogenous noise @ injected by financial hedgers.
Both exogenous noise trading £ and endogenous noise trading @ are important
for the behavior of price informativeness, as well as other results discussed in
subsequent subsections. The following proposition characterizes the effect of
commodity financialization on mg, |m,/|, and t,,.

8 For example, Brown, Harlow, and Tinic (1988, pp. 355-356) write that “the efficient market
hypothesis (EMH) claims that the price of a security at any point is a noisy estimate of the present
value of the certainty equivalents of its risky future cash flows.” In another relevant quote, Fama
(1970, p. 383) writes that “(a) market in which prices always ‘fully reflect’ available information is
called ‘efficient’.” Due to its relation to information and prices, market efficiency is also referred to
as “informational efficiency” or “price efficiency.”
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PROPOSITION 2 (Price informativeness):

(a) Suppose 8ty(1 — p?) > 5. When Ay is fixed, increasing Ag will increase
mg, Img|, and t,. When Lgs is fixed, increasing Ag will increase m but decrease
7, and |mg|.

(b) Fix (¢s, ¢m). For sufficiently small }, an increase in A will increase ms and
1, but decrease |m,|. For sufficiently large 1, an increase in A will increase ms
but decrease |m,| and t,.

Part (a) of Proposition 2 examines the effects of separately changing Ag and
Ag. As demonstrated by financial speculators’ demand function (21), their spec-
ulative trading injects information 4 into the price p. It follows that an increase
in the mass Ag of financial speculators makes the price more sensitive to § rel-
ative to both £ and &, which increases m;, |m,|, and 7,. By financial hedgers’
demand function (22), their hedging-motivated trading injects noise & into the
price p and thus an increase in the mass Ay of financial hedgers makes the
price more sensitive to &. This directly decreases |m,| and price informative-
ness 7,. In response to the lower price informativeness, commodity producers
rely less on the price and more on their own private information §; about 4
when trading futures, which injects more information # into the price and in-
creases m;. Overall, the direct effect of a lower |m,| dominates the indirect
effect of a higher m,, so that price informativeness 1, decreases with Az.

Part (b) of Proposition 2 considers the effect of increasing the total popula-
tion size A of financial traders while fixing the proportions of financial spec-
ulators and financial hedgers. This exercise corresponds to a natural thought
experiment whereby both types of financial capital flow into the futures mar-
ket roughly in the same speed. As Part (a) of Proposition 2 shows, financial
speculators and financial hedgers have opposite effects on price informative-
ness 1, and thus analyzing the overall effect of A is nontrivial and new to the
literature. Part (b) of Proposition 2 suggests that increasing the population size
X of financial traders first improves and then harms price informativeness.

To understand this result, we examine in detail the demand functions of
commodity producers and financial traders, which are given by equations (20),
(21), and (25). We use «py to capture the sensitivity of commodity producers’
aggregate order flow to information @, that is,

Te

1 ~ o~ o~ . :
Kby = 0 fo dP(siv ¢, P)dl Tp+T.+7p
Po = ~ = ,
a6 1 1
ﬁ<m+rg+rp + a)

where the last equality follows from equation (20). Similarly, we compute the
sensitivity of financial speculators’ total order flow to information 6 and the
sensitivity of financial hedgers’ total order flow to noise & as

dAgdg(d, ¢, p) =
IOSES DT P o T = Mg Ts,
00

Tq

(to+79 )0 n P/ Ty

1—p2 1 1-p? 1 —
Ts +7.'y+l'q Ts +1'H+1:q Ts

dApdy(&. ¢, p)
oa

= AgkH,o = MKy o, With kg, =
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Equipped with the above notation and inserting the demand functions (20),
(21), and (25) into the market-clearing condition (9), we have

kpg0 + ApsTs0
—— — —
information from commodity producers  information from financial speculators

- APHKH o8 + 3 —L(p,¢)=0, 2n
_— ——

noise from financial hedgers  exogenous noise trading

where L(p, ¢) is a known linear function that absorbs all the other terms unre-
lated to information or noise in the order flows of market participants. In the
above market-clearing condition, the trading of commodity producers and of
financial speculators injects information 6 into aggregate demand, the trading
of financial hedgers injects endogenous noise @ into aggregate demand, and
noise trading injects exogenous noise £ into aggregate demand.

In (27), moving L(p, ¢é) to the right-hand side and dividing both sides by xpy +
A¢sTs lead to the following signal in predicting fundamental &:

. X N 1 . Lp,é

oo ke oo s = _HPO o (99
Kpo + ApsTs Kkpg + APsTs Kpo + ApsTs
—_— —— — ———

noise injected by financial hedgers  exogenous noise trading

This signal gives the informational content in the aggregate order flow. In equi-
librium, it must coincide with §, given by equation (17).
In equation (28), it is clear that increasing A has two offsetting effects on the

informativeness of §,,: it reduces the noise mg—f that is related to exogenous

AHkH.  ~ :
P e brought in endogenously by

financial hedgers. When 1 is small—for instance, when % ~ 0—the endogenous
K:ff—;g's"ud added by financial hedgers is relatively small and thus the

main effect of increasing 1 is to lower

noise trading and it increases the noise

noise

1 ol . . ~
mé. As a result, the price signal $,

becomes more informative about § when A increases from a very small value. In

APHKH. o ~
o5 eventually dom-
Kpg +ApsTs y

€, and the price signal §, becomes less informative

contrast, as A becomes very large, the added noise
about the fundamental 4.

The hump-shaped relation between % and 7, sheds light on mixed empirical
evidence on the question of how commodity financialization affects market ef-
ficiency. Raman, Robe, and Yadav (2017) document that the electronification
of U.S. crude oil futures trading in 2006 led to a massive growth in intraday
activity by noncommercial institutional financial traders. In their sample, this
financialization of intraday trading activity had a positive impact on price ef-
ficiency. In contrast, Brogaard, Ringgenberg, and Sovich (2019) examine the
financialization of commodity index markets and find that financialization dis-
torts the information content of the futures price. Possibly reconciling the two

inates the noise
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Figure 2. Price informativeness. This figure plots the effects of commodity financialization on
price informativeness. In Panels Al to A3, we set Ay = 0.1. In Panels B1 to B3, we set g = 0.1. In
Panels C1 to C3, we set ¢ = ¢ = 0.5. The other parameters are tp =1, =1L, t, =15 =1z =1, =
10, ys = yg = B =10, h = 1, and p = 0.5. (Color figure can be viewed at wileyonlinelibrary.com)

based on our findings, note that the U.S. crude oil futures market is the world’s
largest commodity market, and so an influx of financial capital into this mar-
ket corresponds to a relatively small value of A, which implies that the positive
effect on price informativeness in Raman, Robe, and Yadav (2017) is expected
in our model. In other markets, A may be relatively large and thus increasing
X lowers 1, as documented in Brogaard, Ringgenberg, and Sovich (2019).
Figure 2 graphically illustrates Proposition 2 for the following parameter
configuration: y =1, =1L, . =15=1t=1,=10,ys=yg =B =10, h =1, and
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Figure 3. Price informativeness and hedging motives. This figure plots the effects of the
hedging motive parameter p on price informativeness. The other parameters are ip =7, = 1,7, =
5=1=1,=10,y5s =yg =B =10, h =1, and Ag = Ay = 0.1. (Color figure can be viewed at wi-
leyonlinelibrary.com)

p = 0.5. Consistent with Proposition 2, price informativeness 7, increases with
Lg, decreases with Az, and is hump-shaped in 2.

Although we focus on comparative static analysis with parameter A’s, some
other parameters deliver similar results. One such parameter is p, the cor-
relation coefficient between the unlearnable commodity demand shock § and
the unlearnable private technology shock 7. By the demand function (22) of
financial hedgers, the parameter p controls the strength of financial hedgers’
hedging motive. Thus, increasing the value of |p| is similar to increasing the
population size Ay of financial hedgers. Figure 3 confirms this view using the
same parameter values as in Figure 2.

B. Futures Price Biases

The literature has long been interested in “futures price bias,” that is, the
deviation of the futures price from the expectation of the later spot price,
E@ — p). A downward bias in the futures price is termed “normal backwarda-
tion,” while an upward bias in the futures price is termed “contango.”” A major
branch of futures pricing literature attributes bias to hedging pressures of com-
modity producers (e.g., Keynes (1930), Hicks (1939), Hirshleifer (1988, 1990)).
Hamilton and Wu (2014) show that on average the futures price bias in crude
oil futures decreased since 2005.8 Regulators are also concerned about how

7In practice, the terms “normal backwardation” and “contango” are also used to refer to the
bias between the contemporaneous spot and futures prices. Capturing this definition exactly in
our model would require that we extend the setting. To keep it simple, we follow studies such as
Hirshleifer (1990) and define these terms as the difference between the current futures price and
the expected value of the later spot price.

8 The empirical variable examined by Hamilton and Wu (2014) is the futures risk premium,
which is equivalent to the futures price bias in our analysis.
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commodity financialization affects the average futures price. As mentioned in
the introduction, the 2011 G20 Report on Commodities asked “does increased
financial investment alter demand for and supply of commodity futures in a
way that moves prices away from fundamentals and/or increase their volatil-
ity?” We now explore how the futures price bias is affected by financializa-
tion in our model in light of the risk sharing and information effects that we
highlight. The following proposition characterizes the futures price bias in our
setting.

PROPOSITION 3 (Futures price bias): The futures price bias is given by

hedging motives from financial hedgers

h(0—¢) AHP T
ZEa 1-p? 1
D — D < s + T+ )\/ﬁ
E@-p)=  (29)
AST, + A (to 4+ 7 + )5 \
Sts h_
N SV i B(to+ T+ 1p+ 1) ]
risk sharing by speculators T T+1g
risk sharing by hedgers learning by commodity producers
Thus, E(G — p) > 0 if and only if
h(@—¢ AP JSTHd
( ) + d > 0. (30)

1-p? 1
htl (224 L)vm

In equation (29), commodity financialization affects the bias through three

channels. The first channel is captured by the term (HﬁHf f”a)f in the nu-
% T W

merator of equation (29), which says that the hedging—mé)tivfatqed trading from
financial hedgers either strengthens or offsets the hedging needs of commod-
ity producers, depending on the sign of . In particular, through this channel,
commodity financialization affects not only the absolute magnitude of the bias
but also its sign.

As one can see, depending on the sign of

h-¢) | __ 2HPyTHd
h+1 (i L) /%

5 9+1q

, there can be

a downward bias or an upward bias in futures prices, that is, E(@ — p) > 0 if
and only if condition (30) is satisfied. Intuitively, when the average commodity
demand shock 4 is high relative to the average production cost shock ¢, com-
modity producers tend to produce more commodities and thus will short more
futures to hedge their commodity production. Similarly, when the average re-
turn @ on financial hedgers’ private investment technology is high, they tend to
short more futures to hedge their investment in the private technology. Short-
ing forces from both commodity producers and financial hedgers push the fu-
tures price down, which leads to a downward bias in the futures price (normal
backwardation). By contrast, when 0%6 and @ are relatively small, the futures
price is biased upward, leading to a contango. Using 21 commodities to test the
futures risk premium hypothesis, Fama and French (1987) find that, indeed,
some markets feature normal backwardation while others feature contango.
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The two other channels through which commodity financialization affects
the futures price bias are reflected in the denominator of equation (29).
Through these two channels, commodity financialization affects the absolute

magnitude of the bias but not its sign. First, the terms Ag7; and sz—Hl in

the denominator of equation (29) capture the fact that the newly adéled ZﬁI;an-
cial speculators and financial hedgers directly share more risk that is loaded off
from the hedging needs of commodity producers and financial hedgers. Second,
the term A;:I;—% in the denominator of equation (29) indicates that the
presence of financial traders affects price informativeness t,, which changes
the risk perceived by commodity producers through their learning from the fu-
tures price. If we focus on these two denominator-related channels by setting
a@ = 0, we can find the following sufficient conditions under which commodity
financialization reduces the futures price bias.

COROLLARY 1: Suppose @ =0 and 81y(1 — p?) > 5. When the mass iy of fi-
nancial hedgers is fixed, increasing the mass Ag of financial speculators will
decrease |E(0 — p)|. When the mass Ag of financial speculators is fixed, increas-
ing the mass Ay of financial hedgers will decrease |E(0 — p)| for sufficiently
large A\y.

When we add back the numerator effect by setting @ # 0, the patterns be-
come more complicated. We use Figure 4 to illustrate the results by plotting
the bias E(0 — p) and its absolute value |E(J — p)| against the masses of fi-
nancial traders using the same parameter values as in Figure 2. Here, we set
@ =1,6 =0, and ¢ = 1. Under this parameter configuration, condition (30) in
Proposition 3 is violated for small values of A, so that E(§ — p) < 0. This im-
mediately implies that the bias starts from a negative value in Panels A2 and
A3 of Figure 4. In Panel A2, as Ay increases, condition (30) is eventually sat-
isfied, so that the bias becomes positive for large values of Ay. In Panel A3, as
% increases, Ax also increases and condition (30) is again eventually satisfied,
and thus the bias becomes positive for large values of 1 as well.

Interestingly, the bias also switches sign in Panel Al of Figure 4, where we
vary Ag for a fixed Ag. This result comes from the learning behavior of finan-
cial hedgers. Specifically, in Panel Al, where we set Ay = 0.1, condition (30) is
violated for small values of Ag, so that E(d — p) starts out being negative. As
Ag increases, the trading of financial speculators injects more information into
the futures price, in which case financial hedgers can read more information
from the price and trade more aggressively, which strengthens their hedging
motive. Formally, as Ag increases, m; increases (according to Proposition 2)
and thus, by equation (24), 7, increases, leading to a higher (HA::)—IW)\F This

i g VT
result also highlights the importance of exogenous noise trading & because the
value of 7, is determined by parameters governing &.

In Panels B1 to B3 of Figure 4, |[E(d — p)| exhibits nonmonotone patterns
due to the interactions among the three channels mentioned above. In par-
ticular, |E(@ — p)| can increase with commodity financialization parameters
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Figure 4. Futures price biases. This figure plots the effects of commodity financialization on
futures price biases. In Panels Al and B1, we set Ay = 0.1. In Panels A2 and B2, we set g =
0.1. In Panels A3 and B3, we set ¢y = ¢g = 0.5. The other parameters are 1y =1, =1, 7, = 75 =
=1,=10,y5=yg =B=10,0 =0, =a =1,k =1, and p = 0.5. (Color figure can be viewed at
wileyonlinelibrary.com)

As, Mg, and A, which provides some justification for the concerns voiced in policy
circles.

C. Commodity-Equity Market Comovement

Whether commodity financialization strengthens the comovement between
the commodity futures market and the equity market has been the subject
of debate. Gorton and Rouwenhorst (2006) show that commodity returns had
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negligible correlations with equity returns before 2004, while Tang and Xiong
(2012) show that the correlation between the Goldman Sachs Commodity In-
dex (GSCI) and S&P 500 stock returns rose after 2004 and was especially high
in 2008, concurrent with the financialization of commodities. Cheng and Xiong
(2014) suggest that commodity financialization contributed to the sharp spike
in the commodity-equity correlation during 2009 to 2011. Biy tiksahin and
Robe (2011, 2014) further link the increased correlation between commodities
and stocks to the trading of hedge funds, especially those funds that are active
in both equity and commodity futures markets. However, Bhardwaj, Gorton,
and Rouwenhorst (2016) argue that the commodity-equity correlation fell back
to its normal level after 2011, and they instead point to business cycles as the
driving force behind commodity-equity correlation patterns.

Our model can help shed light on the commodity-equity market comovement
by interpreting financial hedgers’ additional investment opportunity as stocks.
By construction, the return on stocks is simply @ + 77 (investing one dollar at
date 0 becomes 1 + & + 77 dollars at date 1). We measure the return on futures
by 0 — p : buying a futures contract at date 0 costs p, the contract matures
at date 1, and its date-1 price changes to 0. Thus, this measure is consistent
with the empirical practice of constructing futures returns from futures price
data. We can capture the commodity-equity comovement by the covariance
cov(d — p, @ + 7). The hedging-motivated trading of financial hedgers injects
the forecastable component & in stock returns into the futures price p, which
leads to extra comovement between futures returns 0 — p and stock returns
& + 1, as formalized by the following proposition.

PROPOSITION 4 (Commodity-equity market comovement):

(a) The covariance between stock returns & + ij and futures returns 0 — p is pos-
itive if and only if the correlation p between the unforecastable component 7
in stock returns and the unforecastable component § in commodity demand is
positive. That is, cov(i — p, & + i) > 0 if and only if cov(8, 7j) > 0.

(b) For fixed \g, we have %ﬁ"””)' > 0 for sufficiently small \y. For fixed
(¢s, ¢ ), we have W > 0 for sufficiently small .

Figure 5 provides a graphical illustration of the effect on commodity-equity
market comovement. Here, we plot a normalized measure, the correlation co-
efficient between stock returns and futures returns conditional on public in-
formation é, Corr(d — p, @ + 7j|€), against the masses of financial traders. The
parameter values are the same as in Figure 2. We highlight two observations
in Figure 5. First, consistent with Proposition 4, as we fix A5 and increase Ay
in Panel B, or as we increase both Ay and Ag in fixed proportion in Panel C,
the hedging-motivated trading from more financial hedgers strengthens the
commodity-equity market comovement. Second, the effect of Ag differs from
the effect of Ay. Specifically, in Panel A, increasing the mass Ag of financial
speculators can either strengthen or weaken the commodity-equity market co-
movement. This is due to the interaction between two forces. First, as Ag in-
creases, the futures market is driven more by its own fundamental § than by
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Figure 5. Commodity-equity market comovement. This figure plots the effects of commod-
ity financialization on commodity-equity market comovement. In Panel A, we set Az = 0.1. In
Panel B, we set Ag = 0.1. In Panel C, we set ¢y = ¢g = 0.5. The other parameters are tp = 7, = 1,
=1=1 =1,=10, ys = yg = B =10, h = 1, and p = 0.5. (Color figure can be viewed at wiley-
onlinelibrary.com)

noise @, which weakens the commodity-equity market comovement. Second, as
Ag increases, the futures price is more informative about #, which encourages
financial hedgers to trade more aggressively, injecting more noise & into the
futures market and thereby strengthening the commodity-equity market co-
movement.

Under our theory, the hedging-motivated trades of financial traders injects
the forecastable component & in stock returns into the futures price p, which
leads to extra comovement between futures returns ¢ — p and stock returns
@ + 7. Our theory therefore predicts that financialization can indeed increase
the commodity-equity correlation, as illustrated by Panels B and C of Figure 5.
Note that in our settings, it is financial hedgers, active in both equity and
commodity futures markets, who further connect the commodity and equity
markets. This view is consistent with the empirical channel documented by
Biiyiiksahin and Robe (2011, 2014).° Also under our theory, the cyclicity of
financialization can potentially drive the cyclicity of commodity-equity corre-
lation. For instance, if the market first became financialized in 2009 to 2011
and then definancialized afterward, the commodity-equity correlation would

9 This view also complements Basak and Pavlova (2016), who obtain the increase in equity-
commodity comovement through benchmarking institutional investors to a commodity index that
serves as a new common factor on which all assets load positively.
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exhibit the pattern documented by Bhardwaj, Gorton, and Rouwenhorst
(2016), which we verify using our dynamic model as a laboratory. This ob-
servation provides a testable view complementary to the business-cycle-based
explanation suggested by Bhardwaj, Gorton, and Rouwenhorst (2016).

D. Return Predictiveness of Financial Trading

Another key part of the debate on commodity financialization corresponds to
whether there is a positive correlation between the trading of financial traders
and commodity futures prices. For instance, Singleton (2014) provides evidence
of positive price impact of CITs on futures prices of crude oil, while Biiyiiksahin
and Harris (2011) and Hamilton and Wu (2015) find little evidence of CIT po-
sitions being predictive of futures prices.

To capture whether and how financial trading predicts futures returns, we
compute the correlation coefficients between futures returns and financial
speculators’ trading positions and financial hedgers’ trading positions, condi-
tional on public information é, as follows:

Predictiveness of speculators’ trading : Corr(Agdg, 0 — p|é);

Predictiveness of hedgers’ trading : Corr(Agdy, 0 — p|é).

In Figure 6, we plot the two correlation coefficients above against the to-
tal mass A of financial traders for the same parameter values as in Figure 2.
Financial speculators’ trading and financial hedgers’ trading predict futures
returns in different ways. Specifically, Corr(Agdg, 0 — p|¢) is always positive
while Corr(Agxdy, 0 — p|é) can be either positive or negative. Intuitively, ac-
cording to demand function (21), the trading Agdg of financial speculators
is driven by information 6, which will be reflected in the later spot price o,
and thus Agdg is positively related to futures returns o — p. By the demand
function (22), the trading Agdy of financial hedgers has two components,
a hedging-motivated component and a speculative component. The hedging-
motivated component generates the endogenous noise & in the futures market
and negatively predicts futures returns. The speculative component is driven
by information and positively predicts futures returns.

Figure 6 suggests two messages. First, it is easier to use financial specula-
tors to identify return predictiveness than financial hedgers, since the former
has an unambiguous sign. To the extent that CITs and managed money corre-
spond, respectively, to financial hedgers and financial speculators in our model,
the return predictiveness of managed money is easier to be identified than that
of CITs. This is consistent (i) with Biiyiiksahin and Robe (2014) and Cheng,
Kirilenko, and Xiong (2015), who find strong evidence linking hedge fund trad-
ing to commodity future returns, and (ii) with Biiyiiksahin and Harris (2011)
and Hamilton and Wu (2015), who find little evidence of CIT positions being
predictive of futures prices.

Second, if one could differentiate the speculative trading and hedging-
motivated trading of financial hedgers (CITs in practice), then one could in
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Figure 6. Return predictiveness of financial trading. This figure plots the effects of com-
modity financialization on the correlation between financial positions and commodity returns. The
parameter values are iy =1y =1, . =5 =1: =1, =10, ys=yg ==10,6=0,¢=1, h =1,
p = 0.5, and ¢ = ¢g = 0.5. (Color figure can be viewed at wileyonlinelibrary.com)

principle find a positive correlation between speculative trading and futures
returns and a negative correlation between hedging-motivated trading and fu-
tures returns. This idea is broadly consistent with Cheng, Kirilenko, and Xiong
(2015), who emphasize that the trading motives of financial traders are impor-
tant for identifying their predictiveness for futures returns. Cheng, Kirilenko,
and Xiong (2015) use the Chicago Board Options Exchange (CBOE) Volatility
Index (VIX) as an exogenous shock to identify whether financial traders ini-
tiate trades or trade to accommodate other traders and find a strong relation
between financial trading and futures price changes. Our analysis suggests
that speculative trading, from either financial speculators or financial hedgers,
positively predicts futures returns, and that hedging-motivated trading from
financial hedgers negatively predicts futures returns.

E. Operating Profits and Producer Welfare

We now turn to the effect of commodity financialization on the profits and
welfare of commodity producers, questions of interest in the empirical liter-
ature (e.g., Brogaard, Ringgenberg, and Sovich (2019)). We measure the wel-
fare of commodity producers using the ex ante certainty equivalent, CEp =
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Figure 7. Operation profits and producer welfare. This figure plots the effects of commodity
financialization on operation profits and producer welfare. In Panels Al and A2, we set Ay = 0.1.
In Panels B1 and B2, we set Ag = 0.1. In Panels C1 and C2, we set ¢y = ¢g = 0.5. The other
parametersare tp =1, =1, . =5 =1: =1, =10, ys = yg = =10,0 =0,c =1, h=1,and p =
0.5. (Color figure can be viewed at wileyonlinelibrary.com)

_% 1n[E(e—ﬂ[ﬁx(@-,c'.p)—C(x(s:i,6,13))+(v'—ﬁ)dp(§i,c",ﬁ)] )], where dp(s;, é, p) and x(5;, €, p) are
the equilibrium trading strategy and production policy. The expected operat-
ing profit of commodity producers is E[r;] = E[0x; — C(x;)], which is an easier
object to analyze in empirical research.

In Figure 7, we plot these two variables against the masses of financial
traders for the same parameter values as in Figure 2. Financial speculators
and financial hedgers affect producer welfare in different ways. Specifically, as
more financial speculators enter the futures market, commodity producers are
worse off in Panel A2. In contrast, as more financial hedgers enter the futures
market, commodity producers are better off in Panel B2.
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We next focus on the bottom panels, where both financial speculators and
financial hedgers increase, which is closer to reality. Panel C1 shows that oper-
ating profits of commodity producers are hump-shaped in A, which has a simi-
lar pattern as price informativeness (see part (b) of Proposition 2 and Panel C3
of Figure 2). This result is consistent with Brogaard, Ringgenberg, and Sovich
(2019), who find that after the spike in commodity financialization in 2004,
the informational efficiency of futures index prices decreased and those firms
using index commodities saw a decrease in their profits. The intuition is that
lower price informativeness leads commodity producers to make less efficient
production decisions and hence to a decrease in their operating profits.

However, a lower (higher) profit does not necessarily translate into lower
(higher) welfare for producers. Indeed, Panel C2 of Figure 7 shows that the
pattern of producer welfare CEp is opposite the pattern of operating profits
E[n;]. The welfare pattern is a result of the effect of price informativeness on
producers’ trading opportunities. As futures prices become more informative,
commodity producers have fewer opportunities to exploit their information ad-
vantage and so their trading gains deteriorate. In addition, their hedging and
risk-sharing opportunities are diminished when prices are more informative.
This is related to the well-known Hirshleifer effect (1971).1° These effects ul-
timately dominate the benefit from more information in prices. To further ex-
amine this welfare result, we consider an extension in which some commodity
producers trade futures while others do not. In this extended setting, we find
that for those commodity producers who do not trade futures, welfare and op-
erating profits exhibit the same pattern as price informativeness, consistent
with the intuition above that more informative futures prices allow for more
efficient production decisions.

Taken together, our analysis suggests that researchers should carefully dif-
ferentiate among price efficiency, operating profits, and welfare when mak-
ing normative statements. For instance, in Brogaard, Ringgenberg, and So-
vich (2019), both price efficiency and operating profits deteriorate after 2004.
This may suggest that, in practice, commodity financialization harms those
commodity producers who do not trade futures. However, for those commod-
ity producers who do trade futures, they may actually benefit from commodity
financialization. To make a welfare statement, a formal model such as ours
is needed.

We can also analyze the implications of commodity financialization for the
welfare of financial traders, the welfare of noise traders, and aggregate wel-
fare. We use the ex ante certainty equivalents CEg and CEp to measure
the welfare of financial speculators and financial hedgers, respectively. We
do not have a utility function for noise traders and so we cannot compute
their welfare. Instead, we follow the microstructure literature (e.g., Chowdhry
and Nanda (1991), Subrahmanyam (1991), Leland (1992), Easley, O’'Hara, and
Yang (2016)) and use expected revenue ERy as a proxy for their welfare:

10 See Kurlat and Veldkamp (2015) and Goldstein and Yang (2017) for more discussions on the
negative welfare effect of a reduction in trading opportunities.
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date t

®

date t + 1

1
Date-t speculators observe private information
8,41, and date-t hedgers observe private
information @, .
Date-t commodity producer j observes private
information 3. ;.
Futures market opens: Date-t speculators, date-t
hedgers, date-t commodity producers, and date-t
noise traders trade futures contracts at price p;.
Spot market opens: Date-t-1 commodity
producers supply commodities through
production and inventory, date-t commodity
producers demand commodities for inventory,
and date-t commodity consumers demand
commodities for consumption.
Date-t commodity producers make production
decisions, and date-t hedgers make investments
in the private technology.
Date-t-1 commodity producers and date-t-1

Date-t+1 speculators observe private
information @..,,, and date-t+1 hedgers
observe private information @;.,.

Date-t+1 commodity producer i observes
private information $;., ;.

Futures market opens: Date-t+1 speculators,
date-t+1 hedgers, date-t+1 commodity
producers, and date-t+1 noise traders trade
futures contracts at price py.1.

Spot market opens: Date-t commodity
producers supply commodities through
production and inventory, date-t+1 commodity
producers demand commodities for inventory,
and date-t+1 commodity consumers demand
commodities for consumption.

Date-t+1 commodity producers make
production decisions, and date-t+1 hedgers
make investments in the private technology.

time

financial traders consume. o Date-t commodity producers and date-t
financial traders consume.

Figure 8. Timeline of the dynamic model.

ERy = E[(0 — p)¢]. Aggregate welfare is then defined as the summation of all
agents’ payoff, that is, WEL = CEp + AsCEgs + AgCEy + ERy. We find that
the results for CEg, CEy, ERy, and WEL are sensitive to parameter values, so
that no general conclusions can be drawn.

ITII. The Dynamic Model

The static model provides a simple framework that allows us to see how dif-
ferent forces of commodity financialization interact to determine market out-
comes. Because the issues examined in the empirical literature involve time
variation in the variables of interest, we expand our model into a dynamic
OLG setting to better map to the empirical settings and show how the inter-
action between different forces drives time variation in the key variables of
interest. Our analysis also provides an approach to computing a nonstationary
equilibrium in which the sizes of investor populations increase over time.

A. The OLG Setting

Time is discrete, t € {..., —2,—1,0, 1,2, ...}. The timeline of the economy is
described by Figure 8. As in the baseline model, there are one commodity good
and a one-period futures contract on the commodity. In each period ¢, three
groups of agents—a continuum of date-t commodity producers, a mass Ag;
of date-¢ financial speculators, and a mass Ag, of date-t financial hedgers—
enter the economy and are active in periods ¢ and ¢ + 1. Financial speculators
and financial hedgers are active in the date-t futures market, while commod-
ity producers are active in the date-t futures market and in the date-t and
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date-t + 1 spot markets. All types of agents derive CARA utility from their
date-t + 1 wealth with respective risk-aversion coefficients 8 (commodity pro-
ducers), ys (financial speculators), and yy (financial hedgers).

The information structure is similar to the baseline model. In the date-t +
1 spot market, demand from commodity consumers is still represented by a
linear demand function

Ver1 = Opp1 + 81 — Opi1, (31)

where ;.1 is the endogenous commodity spot price, ;.1 ~ N(8, 19*1) (with
0 € R and 7 > 0) is the learnable demand shock, and ;.1 ~ N(0, r{l) is the
unlearnable demand shock. We assume that 6,,1 and §,,; are mutually inde-
pendent and that (6;,1, §;,1) is independent and identically distributed (i.i.d.)
over time.

The date-t financial speculators observe ;. and trade futures to exploit this
private information. The date-¢ financial hedgers trade futures and invest in
a private technology with net return &1 + #j;+1, where &1 ~ N(0, v, 1) and
i1 ~ N(O, rn‘l) with 7, > 0 and 7, > 0. Variables &1, 6,11, and 7,1 are mutu-
ally independent, but §;,; and 7,1 are correlated with coefficient p € (-1, 1).
To simplify the analysis, we assume that the mean of & is zero. The date-t
financial hedgers still observe private information & 1. Date-# commodity pro-
ducer i observes a private signal §; ; about the next-period demand shock 6.1,

§1i =01+ &, (32)

where & ; ~ N(0, 7;1) (with 7. > 0) and 6,1 and &;; are mutually independent.
She exploits this information in the futures market.

A date-t commodity producer makes three decisions at date ¢#. The first
two decisions are the same as those in the baseline model, a production de-
cision x;; and a futures investment decision dp; ;. Again, when date-f com-
modity producer i produce x;; units of commodities, she pays production cost
Clx ;) = G + ﬁxii, where A > 0 and é ~ N(, rc’l) with ¢ € R and 7. > 0.
Supply shock ¢ is public information and observable to commodity produc-
ers and financial traders. In addition to production and futures investment,
we allow commodity producers to store commodities through inventory. Specif-
ically, date-t commodity producer i can go to the spot market to purchase z; ;
units of commodities and carry them to the next period. Storage incurs a cost
according to cost function

K(z:i) = %zﬁi, with & > 0. (33)
Parameter £ controls the ease of storage. Our baseline model corresponds to the
limiting case of £ — 0, where storage is impossible. In effect, when & — 0, the
OLG setting corresponds to the repeated static baseline setting. For tractabil-
ity, we follow Basak and Pavlova (2016) and abstract from inventory stockouts.
We therefore allow z; ; to take negative values.
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In the date-t futures market, date-t financial traders and date-t commodity
producers trade against noise trading &, where  ~ N(0, 7, ) with 7; > 0. The

random vector (8,1, 811, @11, fir11, {871} 6, &) is i.i.d. over time.

B. Equilibrium Characterization

The public information at date t is Z, = ({05, Pr—s} s (Gr—s. 55120 {Ge—s122)-
Consider date-t commodity producer i. Her information set is Zp;; = {Z;, $;.i}-
She chooses commodity production x; ;, futures investment dp; ;, and inventory
2;; to maximize E(—e fWrerii|Tp, ), subject to Wpyi1; = [Drp1%; — Clo;)] +
(Op11 — P)dpyi + (041 — Op)2r; — K(247)], where the first two terms represent
her profits from real production and futures investment, and the third term
represents her profits from storing and selling commodities. Similar to the
baseline model, the commodity producer’s problem can be decomposed into
three maximization problems as follows:

max [E(ﬁtﬂ —Pt|Zps i) (i +dpri +2: ;) — E(xt,i +dp;; +Zt,i)2Var(l7t+1|IRt,i)]
Xt itdps itz 2

+max B i — Cloi) | + max [(Be — 00)21. — K (21.4)]. (34)

Solving (34), we have

_ E@1lZpei) — p

i+dpitzi= — , 35
o Pti T A pvar(Gs41|Zpsi) (85)
X = h(p: — &), (36)
2t = k(Pr — 0t). 37

The aggregate quantities that date-¢ commodity producers produce and store
are x; = fol x:di = h(p; — &) and z, = fol z;.:di = k(p; — 0;), respectively. They
carry x; +2; to the date-t + 1 spot market, to meet the consumption demand
¥y¢+1 from date-# + 1 consumers and the storage demand z;,; from date-t + 1
commodity producers. That is, the market-clearing condition for the date-t + 1
spot market is

Xt +2¢ =Yeq1 + Z41- (38)

Financial speculators have information set Zs, = {Z;, 0;+1}). They choose in-
vestment in futures dg, to maximize E[—e "sW+1—P1)ds:|Tg ] which delivers
their demand function as follows:

E(ﬁt+1|IS,z) — D¢

- . (39)
ysvar(O;411Zs;)

dS,t =
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Financial hedgers have information set Zg; = {Z;, @1}. They choose invest-
ment dy; in futures contracts and investment Zg,; in the private technology
to maximize their expected utility E [—e 7% (@1-P)dne+@nti)Za) | T ], Solving
this problem delivers financial hedgers’ demand for futures, dgy(Z;, @;,1), given
by equation (A41) in the Appendix. The market-clearing condition for the date-
t futures market is

1
/ dpsdi + As,ds; + Agduy + & = 0. (40)
0

The equilibrium is jointly determined by the optimal demand functions and
the market-clearing conditions. We still consider linear equilibria in which the
price functions are linear in signals. We can show that the public information
in the futures price p; can be summarized by a single state variable and that
the futures price p; and the spot price o; are linearly related. The following
proposition characterizes the linear equilibria.

PROPOSITION 5 (Dynamic equilibrium): A linear equilibrium can be expressed
as

Dt =Aos + A1, + By 0i1 + By yGii1 + Be &, (41)
k -

=—p Gy, 42

O =7 —i—kpt + G (42)

where

~ ét + gt + hé‘tfl + kﬁtfl - (h +k)p‘t*1
= 4
Gi 1+k ’ “

Qt = (1 +k) (Gt + %C}), (44)

and where the price coefficients are determined by

P S H
AO _ qDO.t + q)O,t + qDO,t (45)
bt — = r
(@50 + P+ O5L) + (06, + ¥ + 0Ll ) 17

F 405, +f,

Ay, =— Ltk , (46)
(OF, + @5, + L) + (0, + of, + o) &

q>P + @S + @H
By =-——% S 9;1 - P - S H) (47)
(@8, + @5, + ) + (@F, + @5, + @) 5
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oy, + P
Boi= -7 S 7RY P 1 S H\ £’ (48)
(cpp,t + CI>p,t + ch,t) + (Qv,t + va,t + ©v.t)1_+k

of, + o, +1
(Ph + 5, + L) + (OF, + @5, + @) 7

Bf.t = — ) (49)

where the expressions for the ®’s are given in the Internet Appendix.'!

C. Computation Methodology

Commodity financialization is reflected as an increase in the masses of fi-
nancial traders. As in the baseline model, we consider the normalized masses
Asy = % and Ag; = % We assume that (Ag;, Ax:) gradually increase from
date 0 to date 7' and then stay constant at (Ag 7, Ag.r) for the remaining dates.
Thus, the economy is nonstationary from date 0 to date 7" and then becomes
stationary from date T' onward.

Since the futures price p; and the spot price §; are linearly related in Propo-
sition 5, we need only compute the futures price function. The date-t price
function is determined by the date-t futures market-clearing condition and the
date-t futures demand functions. Note that the date-t futures demand func-
tions are related to forecasts about the date-t + 1 spot price 0;,1, which by
equation (42) (with one period forward) is a linear transformation of the date-
t + 1 futures price p;.1. Hence, to compute p;, we need to know p;,1. We there-
fore compute the futures price function backward. Specifically, we first compute
the stationary equilibrium from date 7' onward. Knowing the date-T price co-
efficients then allows us to compute the date-T' — 1 equilibrium. Similarly, once
we figure out the date-T' — 1 price coefficients, we can compute the date-7' — 2
equilibrium. We continue this process until date 0.

The idea of computing the stationary equilibrium from 7' onward is as
follows. In the stationary equilibrium, we have (A¢;,A1s, By, Bot,Bey) =
(Aos+1,A1441,Bos+1, Baty1. Ber+1).  We  label  these coefficients as
(Ao,A1, By, By, B:). Equations (46) to (49) form the fixed point problem for
(A1, By, By, B:). Once we figure out (A1, By, By, B:), we can use equation (45)
to compute Ay.

When computing the date-t nonstationary equilibrium, we take the com-
puted date-t + 1 price coefficients (Ao;i1,A1:+1,Bost+1,Byss1, Bery1) as in-
puts and proceed in two steps. First, we take (A1;y1,Bo11,Basi1, Best1)
as inputs and use equations (47) to (49) to form a fixed point problem
of (Byt, By, Bsy) and compute these three coefficients. Second, we take
(Ao 41, A141, Bor+1, Bat+1, Bei+1) and the computed (By,, By, Bs ) as inputs
and use equations (45) and (46) to compute (Ag;, A1,).

1 The Internet Appendix may be found in the online version of this article.
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Table I
Parameter Values of the Dynamic Model

Parameter Value Description
Financialization
As—1 0.0757 Mass of financial speculators at date -1 (year 2003)
A1 0.1586 Mass of financial hedgers at date -1 (year 2003)
Js 0.6900 Growth rate of financial speculators
gu 0.5539 Growth rate of financial hedgers
Preference
B, ¥s, Yu 10 Risk aversion of commodity producers and financial traders

Information and technology

h 1 Production cost

k 1 Storage cost

Ty 4.2159 Precision of learnable commodity demand shock

Ts 2.1079 Precision of unlearnable commodity demand shock

T, 4.2159 Precision of commodity producers’ private information
Ts 1.4053 Precision of noise trading in the futures market

Ty 75 Precision of learnable component in stock returns

T, 37.5 Precision of unlearnable component in stock returns

T, 52.0833 Precision of commodity supply shock

Correlation between unlearnable commodity shock and
P unlearnable stock return shock

] 0.8603 Average commodity demand shock

c 0.5490 Average commodity supply shock

0.5

D. Parameter Calibration

To connect the model to reality, we consider calibrated economies. We cal-
ibrate our model at an annual frequency. The calibrated parameter values
are reported in Table I. In calibration, we assume that the economy experi-
ences three phases as follows. The first phase is the prefinancialization phase,
which corresponds to dates —oo to —1. In this phase, the economy stays at a
stationary equilibrium in which the masses of financial traders are fixed at
(As._1, Amr.—1)- The second phase is the financialization phase, lasting from date
0 to date T'. In this phase, the masses of financial traders evolve according to
the deterministic process

As: =rs_1(1+gs) ™t and i = g 1(1+gg)™, fort=0,1,...,T, (50)

where gg > 0 and gy > 0. The third phase is the postfinancialization phase,
starting from date T + 1 onward. In this phase, the economy stays at a sta-
tionary equilibrium in which the masses of financial traders are fixed at
(As.7. Am,T).
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The literature suggests that financialization started in 2004 (e.g., Cheng and
Xiong (2014), Baker (2021)), and thus we set 2003 as date —1. We assume
that the financialization process is complete in 2009 (i.e., T = 5). Starting from
2010, the economy becomes stationary.

We estimate parameters As_i,Am_1.8s, and gm using the Disaggre-
gated Commitments of Traders Dataset (DCoT) provided by CFTC.!?
This data set provides information on long and short positions of “pro-
ducer/merchant/processor/user,” “swap dealers,” and “managed money” dating
back to June 13, 2006 on a weekly basis. We interpret financial speculators
as managed money and financial hedgers as swap dealers (who hedge their
index exposures with clients). We measure Ag; and Mg, respectively, as the
ratios of the total positions of managed money and of swap dealers to the to-
tal positions of commodity producer/merchant/processor/user. Equipped with
the weekly series of Ag; and Ay, we then run regressions to estimate (50) us-
ing crude oil market data from 2006 to 2009. The estimation results generate
As—1=0.0757, 1y 1 = 0.1586, g5 = 0.69, and g = 0.5539.

For risk-aversion parameters 8, ys, and yg of CARA preference, the litera-
ture uses various values.'® We follow Benhabib, Liu, and Wang (2019) and note
that absolute risk aversion can be calibrated as relative risk aversion divided
by wealth. The wealth level of a typical investor in our model is on the order
of GDP, which has been normalized to one.'* We can therefore interpret 8, ys,
and yy as relative risk aversion and set them to 10.

Yang (2013) considers a production economy and calibrates the monthly
volatility of demand shock and the monthly volatility of supply shock to 24.35%
and 4%, respectively. We convert these values to an annual frequency and
thus set 7, ' + 7,1 = 12 x (24.35%)? and 7, ! = 12 x (4%)?. This immediately
implies that r, = 52.0833. To calibrate the values of 7y, and 75, we rely on the
literature on informed trading. Recall that financial speculators know pri-
vate information § and that commodity producers receive coarser informa-
tion in the form of (3). If we define § +§ as the fundamental and write fi-
nancial speculators’ information and commodity producers’ information in the
form of fundamental plus noise, then their signal-to-noise ratios are * and
:—Zm, respectively. In Gennotte and Leland (1990), investors’ signal-to-
noise ratio is 0.2. In G4 rleanu and Pedersen (2018), this ratio is 0.44444.
Farboodi and Veldkamp (2020) estimate this ratio to be roughly 0.5 in 2015.
We assign the highest value, 0.5, to financial speculators, and the lowest

Ts Te

value, 0.2, to commodity producers. That is, o= 0.5 and ;—jm = 0.2. To-

gether with 7,1 + 7,1 = 12 x (24.35%)%, we compute 75 = 4.2159, 7; = 2.1079,
and 7, = 4.2159.

12 See https://www.cftc.gov/MarketReports/CommitmentsofTraders/Historical Compressed/
index.htm.

13 For instance, in ascending order, the literature uses the values 3 x 10~? (Garleanu and Ped-
ersen (2018)), 0.05 (Farboodi and Veldkamp (2020)), 2 (Leland (1992)), 3 (Easley, O’'Hara, and Yang
(2016)), 8 (Benhabib, Liu, and Wang (2019)), and 40 and 60 (Baker (2021)).

14 When we subsequently calibrate the average demand shock 8, we consider average energy
expenditure as a percentage of GDP, which implies that GDP in our model is normalized to one.
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The estimate of noise trading has a wide range in the literature. Con-
sidering the ratio of noise trading precision to fundamental precision (i.e.,
@ IJ:; = & (Zj;“) ), the literature uses the values 0.24663 (Farboodi and Veld-
kamp (2020)), 1 (Garleanu and Pedersen (2018)), 4 (Leland (1992)), and 235.29
(Gennotte and Leland (1990)), among many others. We simply set = (?;m =1,
which implies that t: = 1.4053.

We interpret the private investment technology of financial hedgers as
the stock market. Accordingly, we set the volatility of & + 77 to 20%, that is,

7,1 + 1,1 = 20%. Similar to financial speculators, we specify that financial

hedgers’ information & has a signal-to-noise ratio of 0.5, which implies that
T” = 0.5. Taken together, we compute 7, = 75 and 7, = 37.5. We have little
guldance about the correlation coefficient p between the unlearnable commod-
ity demand shock § and the unlearnable stock return 7j. Nonetheless, we un-
derstand that this parameter drives the comovement between commodity and
equity markets and set this parameter to 0.5, which implies an equilibrium
commodity-equity market correlation between 0.3 and 0.5.

Parameter £ governs commodity producers’ storage cost function (33). The
storage cost can be understood as an adjustment cost of changing commodity
producers’ inventory, so we borrow the adjustment cost concept of the macrofi-
nance literature to calibrate parameter k. Whited (1992) estimates a quadratic
adjustment cost function at an annual frequency and reports a value of % in
the range of 0.5 and 2. We therefore set 2 = 1.1° Similarly, the parameter A con-
trols the quadratic component in commodity producers’ production function (2)
and we set h = 1.

Finally, we calibrate the two level parameters, § and ¢, the average com-
modity demand shock and the average commodity supply shock, by match-
ing the average consumption and futures price bias. Using U.S. data, Baker
(2021) reports that the mean quarterly oil expenditure is 3.25% of GDP and
the quarterly futures risk premium is 1.89% for the period 1990 to 2003. We
convert these numbers to an annual frequency and match the counterparts in
our model. The expected commodity consumption is E(y;) in our model. The
gross return on futures is "gl, but its expectation is not well defined since
both the numerator and the denominator are normally distributed. We there-
fore replace p; with E(p;) in computing the futures return and obtain the risk
premium in the model as % — 1. Taken together, our calibration exercise
implies that § = 0.8603 and ¢ = 0.5490.

E. Results

As mentioned above, we assume that the financialization phase lasts six pe-
riods, which corresponds to 2004 to 2009. Panels Al and A2 of Figure 9 report

15 Gardner and Lépez (1996) employ a quadratic storage cost function to simulate price stabi-
lization effects of interest rate subsidies. They set % = 0.25 in their simulations.
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Figure 9. Implications of financialization in the dynamic model. This figure plots the im-
plications of simultaneously increasing the masses of financial speculators and financial hedgers
in the dynamic model. The parameter values are given by Table I. (Color figure can be viewed at
wileyonlinelibrary.com)

the calibrated masses of financial traders. The mass Ag; of financial specula-
tors increases from Ag_; = 0.0757 to Ag5 = 1.7642, while the mass Ay, of fi-
nancial hedgers increases from Az _; = 0.1586 to Az 5 = 2.2327. Since increas-
ing Ag, and increasing Agy, often have countervailing effects on market out-
comes, we now examine how the interaction between these two forces drives
the time variation in the key variables of interest—price informativeness, the
futures price bias, the commodity-equity market comovement, and the return
predictiveness of financial positions. We focus more on the patterns than on the
magnitudes, since one-to-one matching does not always obtain between model
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variables and empirical variables in the literature and empirical papers do not
always employ the same measure (e.g., Raman, Robe, and Yadav (2017) and
Brogaard, Ringgenberg, and Sovich (2019) adopt different empirical proxies
for price efficiency).

In Panel B of Figure 9, as commodity financialization increases over time,
price informativeness 1, goes up because in the calibrated economy, the posi-
tive price-informativeness effect of speculative financial trading dominates the
negative price-informativeness effect of hedging-motivated financial trading.
This result is consistent with Raman, Robe, and Yadav (2017), who document
a positive impact of financialization on price efficiency in the U.S. crude oil
futures market.

In Panel C of Figure 9, as commodity financialization increases over time,
the futures price bias E;g'g—‘ﬁ*tl)) — 1 goes down. This is driven primarily by the
risk-sharing effect of adding more players to the futures market. This result
aligns with Hamilton and Wu (2014), who document that the futures price bias
in crude oil futures on average decreased since 2005. In Panel D of Figure 9, as
commodity financialization increases over time, the commodity-equity market
comovement becomes stronger. This result supports the argument that com-
modity financialization has contributed to the rise in commodity-equity corre-
lations (e.g., Biiyiiksahin and Robe (2011, 2014), Tang and Xiong (2012), Cheng
and Xiong (2014)).

In Panels E1 and E2 of Figure 9, we plot the return predictiveness of finan-
cial positions. In the empirical literature (e.g., Singleton (2014), Hamilton and
Wu (2015)), researchers run regressions from the futures returns on financial
positions and other control variables, and use the regression coefficient on fi-
nancial positions to indicate return predictiveness. In our model, the return on
futures is ”;—*tl, and as mentioned above, we can approximate it with 5&1) to fa-
cilitate moment computations. The total positions of financial speculators are
Ag:dg;. Since Ag; increases over time, we normalize Ag;ds; with its mean. We
use public information (G,, &) to serve as controls. Thus, in our model we cap-
ture the return predictiveness of speculative financial trading and of hedging
financial trading by the following regression coefficients, respectively:

Uyl Asids: |A x Uyl Amdu: | A &
COV( E(p)’ E(Asidsy) Gt, Ct) COV( E(®)’ E(Ansdue) Gt. ¢
bs: = heds |G and by, = hadu |G .
var| =22t ,5) var(4 ,6)
( E(As.ds,)| 0" E(Amedn,)| 007t

In Panel E1, bg, is always positive and decreases over time. In Panel E2, by,
is positive in the early stage of financialization, but becomes negative in the
later stage of financialization. This is because, as we discuss in the baseline
model, financial hedgers trade for two reasons, speculation and hedging: their
speculative trading positively predicts futures returns, while their hedging-
motivated trading negatively predicts futures returns. These observations echo
the message delivered by the static model in particular, that it is easier to iden-
tify positive return predictiveness for financial speculators (e.g., hedge funds)
than for financial hedgers (e.g., CITs), as documented by Biiyiiksahin and Robe
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(2014) and Cheng, Kirilenko, and Xiong (2015). If, in the spirit of Cheng, Kir-
ilenko, and Xiong (2015), one could identify the trading motives of financial
hedgers—speculation versus hedging—then one would be able to identify more
significant return predictiveness for each component.

The analysis in this section illustrates how one can incorporate the differ-
ent forces of commodity financialization, as identified in our baseline model,
into a dynamic setting. The results are broadly consistent with the findings
documented in existing empirical literature. The exercise in this section con-
siders only one commodity—crude oil—and assumes that financialization sta-
bilizes after six years. Nonetheless, the framework and methodology are flex-
ible. For instance, one could extend the model to a multicommodity setting
and calibrate parameters based on a cross section of commodity markets.
One could also specify that the process {Ass, Am:}2_ ., exhibits some cycle
features, so that the economy experiences both financialization and definan-
cialization. We leave exploration of these interesting extensions for future
research.

IV. Conclusion

Commodity futures markets have seen a clear trend of financialization over
the period 2004 to 2009, marked by the increased participation of financial
traders, who are not otherwise exposed to commodity spot markets. Among
financial traders, both financial speculators (trading on information) and fi-
nancial hedgers (trading to improve the efficiency of their broader financial
portfolios) have been prevalent. In this paper, we develop a model that aims
to shed light on the effects that these two types of traders and that financial-
ization as a whole have on various market variables of interest in empirical
research. The model offers novel insights; for example, we show that finan-
cialization in its early stages is likely to improve price efficiency while later-
stage financialization is likely to decrease it. Our analysis highlights a supply
channel through which the commodity futures market affects the spot market,
and we show that the implications for the real economy are quite complex:
while commodity producers see higher operating profits when financialization
improves market efficiency, financialization is overall value-decreasing due to
reduced opportunities in futures market trading. A dynamic extension of the
model provides a new methodology to characterize time-varying changes in
the market in a period when acute financialization implies that market com-
position is not stationary. This methodology can be used and extended in fu-
ture work to understand cycles in financialization or interconnections across
commodities.
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Appendix
A. Proof of Proposition 1

We prove Proposition 1 as follows. We first characterize the equilibrium in
a system of two unknowns (m:, m,) and express m, as a function of ms, so
that the equilibrium can be characterized in a single unknown m;. We then es-
tablish the existence of a linear equilibrium and provide a sufficient condition
under which the equilibrium is unique among the class of linear equilibria.
Finally, we deliver the expressions of the B-coefficients.

The system characterizing the equilibrium. We plug demand functions (20),
(21), and (25) into the market-clearing condition (9) to write the equilibrium
price p as a function of (¢, 0, @, £) as follows:

1 0+1, ;B(};HBM 190+14 22
BO _ D_ mirrﬂrrp - + Ay 1702r9+rq : , (A].)
P _lg(nﬁ-rﬁ-rp + 5) Ts + To+1q
r —Bc —Be
1 By “E,
B, = Do —THHEIHP : +h+2g lj:fq —t rsTsh |, (A2)
P _ﬁ(rﬁrﬁ-rp + E) 2 + T9+14
Bg:lT %‘FAST& , (A3)
p _13(—1(,+rg+rp + r_(s)
_ —
q BH
B — )\_H T+14 _ Py (Ad)
“7 D, | = 1 107 1 ’
P Ts + T9+Tg ( t; + t9+rq)\/7"_5
1
B = -, (A5)
D,
where
_ U (ht1) ST (4 1)
D, = o +h g — +ast(h+1).  (A6)
B 1 + 1 =0 4 1
To+Te+Tp T Ts T+1g
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By the above computed coefficients By, B:, and B,,, we have

B N ——
m; = A ok B YN (A7)

B 1 1
) 'B(rg+n+rp + r_a>

Te
Tgttetip

AST,
B, ey ek
My = — = - ) (A8)
B(, _amg N
T +T¢
AH 1,2 - q1 T 712 1”
Lt (g )ve

Note that equation (A7) is the same as equation (26) in Proposition 1.
Using (A7) to replace the numerator of (A8) with m;, and combining with the
expression of 7, in (24), we can express m, as a function of m:

m?2t, _ 2
£Te 1—p 1
m T9+m2T ( T + T9+m2T, )V Ts
My = —| — = = (A9)
“ N R L 0T '
Ts Iy+m§r§

Inserting equation (A9) into equation (19), we can express 7, as a function of
mg. Then, inserting the resulting expression of t, into equation (A7), we obtain
the seventh-order polynomial of m,

Jim + Jgmf + Jsm] + Jumf + Jsmi + Jymg + Jim; +Jo = 0, (A10)
where the J-coefficients are given in the Internet Appendix.

Existence of the equilibrium. At ms = 0, the left-hand side (LHS) of equa-
tion (A7) is zero, while the right-hand side (RHS) of equation (A7) exceeds AgT;s.
As mg — oo, the LHS of equation (A7) goes to co and the RHS of equation (A7)
goes to Agts. Thus, by the intermediate value theorem, existence is established.
In addition, note that
T 1

To+Te+T Te T+t
0< L < ———"

1 1 B _1 + i
/3<T@+r5+rp + tg) To+Te T

So, by equation (A7), we have

Te To+Te

ASTs < Mg < E I _|_l + AgTs,
To+Te Ts

which establishes the boundaries of m; in Proposition 1.

A sufficient condition for the uniqueness. When the RHS of equation (A7) is
downward sloping, the equilibrium is unique among the class of linear equilib-
ria. In particular, given the expression of 7, in (19), if m2 determined by (A9) is
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increasing in mg, then 1, is increasing in mg, so that the RHS of equation (A7)
is decreasing in m;. Using (A9), we can show that % > 0 if and only if
(1- ,oz)r.,?m;1 +7:(2(1 - p?)7 — rg)m? + 2xm T TsTeme + 10 ((1 — p?) 79 + 75) > 0.
(A11)
Treating the fourth, second, and constant orders of m; of the LHS of the above
condition as a quadratic polynomial of mg, we can show that when 87,(1 —
02) > 15, the determinant of this quadratic polynomial is negative so that the
value of this quadratic polynomial is always positive. As a result, when 87,(1 —
02) > 15, condition (A11) holds.

Expressions of the B-coefficients. Using the expressions of By and D, in (A3)
and (A6), we can compute

™ q

— >+)‘ST(S+ (m )+)‘H1,2TQTW

B 1 1 1 1 P 1
B ptietip | 15 p+ie+ip | 15 17 9 +1q
9 =

(h+1)

1 1
ﬁ(r9+rg+rp + 75

) S
Note that the RHS of the above expression is known, since 7, and 7, are known
given the values of m: and m,. Once we have By, it follows that
B@ Be Be 30
o = T = — B()l:_vB = —.

mn B, e B; = Mey 5 mg
Also, given By, the value of D, is known by (A6). Finally, using equations (A1)
and (A2), we can compute

- 5 £ - £
feﬁ*fp(nf*a*@) W’*’q%
) +Te+1p }\‘ ) +1q
8 141 + Al 1-p2 1
B g+tetp T 2] 9 +1q
0= 1 I s
P B; q B;

1
5 9 +1q

9 +1e+1p 9 +1q
Pt ) T

Tg+te+ip | T

— 4 ht g +AsTsh
B. — ﬂ(fe+fs+fp+7a‘)
L=

5 ' gptrg

1 1
TPE IQZ

Dp+ g tTetTp )+)¥H 2q,+rq

8 1 1 1-p 1
Tgtettp | Tg 5 T +1q

B. Proof of Proposition 2

Part (a): The effect of rg.
From the proof of Proposition 1, we know that when 87,(1 — p?) > 15, the
RHS of equation (26 ) in Proposition 1 is downward sloping in m;. Note that

%m is not affected by Ag. So an increase in Ag will shift upward the

RHS of equation (26) in Proposition 1. As a result, the equilibrium value of
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m will increase. In addition, from the proof of Proposition 1, the condition
87y(1 — p?) > 15 ensures that m? will increase with m;. As a consequence, |m,|
increases with Ag. Since both m; and |m,| increase with Ag, price informative-
ness 1, increases with Ag too.

The effect of L.

Given m;, an increase in Ay will decrease m?2 by equation (A9) and 1, by equa-
tion (19). This implies that the RHS of equation (26) shifts upward. Since under
the condition 874(1 — p?) > 75 the RHS of equation (26) is downward sloping,
the equilibrium value of m; increases.

By equation (26), m; and t, move in opposite directions in response to an
increase in Ag. Hence, dm:/0Ag > 0 implies that dt,/dAg < 0. By the expres-
sion of 7, in equation (19), dm;/diyg > 0 and 37,/9Ay < O together imply that
3mel/dry < O.

Part (b): When A is small.

Fix (¢s, ¢r) and let A — 0. We first establish the limiting values of m;, |m,|,
and 7,. Using equations (19), (26), and (A9), we can show that m; converges to
a finite value, which is the unique positive root of a cubic equation. We denote
this limiting value by ;. By equation (A9), we can compute

1(1—p? 1 7
mal o = | —2 4+ ——5— )20 [ 2 (A12)
A Ts To + Mg (T o\ poTy

where “X « Y” means that lim;_,, i,—( = 1. Similarly, by equation (19), we can
compute

Tp X I’fl?’otg. (A13)

‘2 and a"""‘ . By the

We now compute the limiting values of derivatives , = ) 2,

expression of 7, in (19), we have

1 omg 1 omE
br, RV B () P
L () (A14)
A 1 1 )2
(mgza + m?rg)
By (A9), we can compute % = —% #-0(53), where O(;;) means that

this term has the same order as ;. Hence, by (A12) we have o 2)2 5 0in

A
(A14). As a result,

— — — 2T 1M g —= Al5
o Terfe.0—= (A15)
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Applying the implicit function theorem to equation (26), we have

om; T T5 9Ty

0 B+ttt Ok

+ PsTs. (Al6)

Together with equations (A13) and (A15), we can compute

8m5 ¢S Ts

b 0. A17
a1+ PSR ~ (ALT)
(mﬂﬁrﬁ?orﬁm) '
3 9
—a’_)\" x 2z$mg,A=0—£f > 0. (A18)

From (A9), we can compute

2 ~
am? 2 (1 — p? N 1 ) 75 m?,o

= X —=— —
X A3 Ts 7 +m§,0r5 o, ¢F

< 0. (A19)

When A is large.
Fix (¢s, ¢n) and let 1 — co. First, by equation (26) and noting that 7, is
bounded, we have

mg o ApgTs. (A20)
Using (A9) and (19), we have
_ 02 2
m2 o ((1 P )@H) i (A21)
Ts )21 PoTy
T o<<<1_p2>m+l>2lt (A22)
P Ts o :027:77 “

both of which are finite. [
We next show that all of the three derivatives 8(% %ﬂ, and are finite,
and at the same time, we sign them. Using (A20) and (A9), we can show that

2 ) 9
my —2<(1 P )"5”“ + 1) (1= P*)uts <0. (A23)
oA Ts o pzfnqu

By (A14), (A20), (A21), and (A23), we can compute

Bl

01, 2twn(l—én)(1 - p%)(p*¢n +1- p7)

0. A24
A P2, = (A24)
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Finally, using (A16), (A22), and (A24), we have

] _Ea(21’0115(255(1*%72)(ﬂ2¢H+1*P2))
2 h2
T = A S+ s > 0. (A25)

oA B 2
(m+a+(G¢%%§+l)fgm+m>

Ts ;02 Ty

C. Proof of Proposition 3

By demand functions (16), (21), and (22) as well as the market-clearing con-
dition (9), we can show that,

1 )"S )\.H ~ ~
— 4 S — __|EG-
|:,8var(v|si,c,p) var (010, p) 17f+var(9|q):| (0 —p)
= hE(p &)+ hi—s P/Ed . (A26)
(=2 +var(@ig) |y

We then use the expression of ¥ in (14) to obtain

_§-¢ E@G-p)

“h+1 h+1

From equations (A26) and (A27), we can compute equation (29).

E(p-¢) (A27)

D. Proof of Corollary 1

When & = 0, the effects of the A’s on |E(0 — p)| are determined by the denom-
inator of equation (29), given by

AH (rp + T + rg)rg
+ 1 Bty +19+ 7 +1)

Ts Tp+1q

h
DENig-p) = 7—7 Trst+ 15 (A28)

h+1

Thus, in the following proof, we examine this denominator DEN g;_5)-
The effect of As. Parameter Ag affects DENg;_z), through three terms:

(Tp 4794775

oo Clearly, an increase in Ag directly increases
P &

A
)\,ng y 1—/)2—Hl , and
75 | tptig

the first term. Parameter Ag affects the second term indirectly through ¢, and
the third term indirectly through t,. By part (a) of Proposition 2, we know that
an increase in Ag will increase m; and 7,. By the expression of 7, in (24), 1,

increases with Ag. As a result, both the second term HZA—HI and the third
5 9+1q
term % increase with Ag. Overall, DEN;_p), increases in ig, and

thus |[E(0 — p)| decreases with Ag.

The effect of Ap. Parameter Ay affects DEN|g_p), through two terms,
Al and (1p+79+7: )75

2 1 B(tp+1+15+17:)°
s 9+

and it affects these two terms in opposite directions.
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(By part (a) of Proposition 2, an increase in Ay will increase m; but decrease

7,. S0, by the expression of 7, in (24), 7, increases with Ag and thus Hz’\—Hl

75 9 +1q

decreases with Ay through 7,.) Using

(tp+19+7.)75
Bp+To+1s5+7)
equation (26 ) in Proposition 1, we can rewrite DENg;_p) as

increases with Ag. The term

A Ts h Ts Ts
DENgg )= ——t e [ —— 4+ = + 2 ag7s + AgTs ).
- = 157 : gl <h+1 g T AsT s
Ts THJFm?Tg
Taking the derivative, we get

ODENgi-p) 1 N AH 2mete 1 | Ome

E Sl 1 _p? 2 2t | g

H T5 + fﬁ+m?f§ (11,_:) + ‘L’y-‘ri’t?l’g) (T@ + mgfg) 3 H
When Ay is sufficiently large, we must have = i - (mi";;;)z — 2 > Osince

[ — g &€

w5 rg+m?ré
ame ADENg_p)
Fre

;T > 0, we know that L > 0 for sufficiently large
-H

me is bounded. Given
AH.

E. Proof of Proposition 4
Part (a): By equations (14) and (15), we have

- h+1)B,
cov(&+ﬁ,ﬁ—ﬁ)=—(h+1)cov(o7,ﬁ)+cov(f;,8)=—( ) T

Ty [TsT,
From (A9), we have
A
1—,02 1
( i) +rg+m?ts)\/a
B, = —B; A
msIE
2
% r9+m$r5
A + 1-p2 1
W rtmIn
Thus,

S

1-p 1

- - (h + I)BQ i) +r/.;+mgrs 1%
o+ 1,0 — = 1
cov(@ + 1,0 — p) = — + ,
% Ee NG

me + Tg+mg e
A 1—p2 1

i) 17 +m§ 3

which implies that cov(@ + 7, 0 — p) > 0 if and only if p > 0.
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Part (b): Without loss of generality, let us assume p > 0. When Ay = 0, we
have

O P
cov(@ + 1,0 — p) = .
Ty
When Ay > 0, we have
cov(@ + 71,5 — p) > ——.
/TyTs

Thus, it must be the case that cov(@ + 7, 7 — p) is increasing in Ay at Az = 0.
This is true both when we treat Ay as a free parameter and when we vary Ay
by varying X.

F. Proof of Proposition 5

Inserting the expressions of y; in (31), x;_1 in (36), and z; and z;_; in (37)
into the date-t spot market-clearing condition, y; + z; = x;_1 + 2;_1, we obtain
equation (42) in Proposition 5. Also, equation (42) implies that the spot price
U; does not contain additional information beyond the futures price p;.

The futures price p; is determined by the system that consists of the futures
market-clearing condition and the three demand functions from commodity
producers, financial speculators, and financial hedgers. In this system, the ex-
ogenous information is {6;, &, & _1,0;_1, Pr_1, G, O 1, @1, &). We thus conjec-
ture the linear price function

bt =ATZ) + Bl i1, 6141, &),
where
AT =Aos +A0t0r +Asib +AciCr1 + Ay +Ap,:Pi—1+ BeiCr,
B(@;11, Gr41, &) = Bo10r11 + By 1@ 1 + Be 1.

Function A(Z;) corresponds to public information, and function B(0; 1, &1, &)
corresponds to private information. The A-coefficients and the B-coefficients
are endogenous. In relation to equation (15) in the baseline model, coefficients
(Bet,Bot,Boyt, Bst) correspond to (B, By, By, B:) in (15), and the term Aq, +
Ag 16 + A58 + At 1+ Aps0i1 + Ay Pr1 corresponds to By in (15).

To compute the demand functions, we need to figure out the expression of
U;4+1. Applying equation (42) one period forward and using the conjectured price
function for p;,1, we can compute

U1 = m(Be,tﬂétﬂ +Bes11641 4 Bt 1@ 42 + Ber1641)
kAo i1+ (RAs 1+ 1)0i1
+m +(RAs 41+ 1)8i41 + (RAcii1 + R)E . (A29)

+k(Av,t+1 + 1)5t + [kAp.t+1 - (h + k)]ﬁt
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By equations (35) to (37), the futures demand of date-¢ commodity producer
i1is
E011|Z, $¢.0) — Pr

dpti= — —
o pvar(f;411Z, §:.;)

—h(p; — &) — k(D — 0y). (A30)

Using (A29), we have

E(0411T:, 81.4) = — (Bo.1+10 + Bes41€)

k
1+k
1 |:kA0.t+1 + (RAp41 + 1)EBr11Ly, §1.0) + (RAcii1 + h)é

. (A31)
1+k +R(Avr + 1)0; + [RApei1 — (B +F)]Be }

and

var(0;,1|Z;, §;.i)
) (B Bt B o)
(=) (B2 +Bc +Ba +B
(1 +k) Tty T Petlg T Batd B
1

- 1
+—2 [(kAQ‘H_l =+ 1)2V(17"(9t+1|:[t, §t,i) =+ (kA(S,t+1 + 1)2—i| . (A32)
(1+k) T

Date-# commodity producer i can read information from the prevailing fu-
tures price p;, which is equivalent to the following signal to her:

p, — A ~ B,: . B:; -
Spt = pt—(L) =01+ tOlt+1 + tft, (A33)
By, By,

which is normally distributed with mean ;. ; and precision given by

Bo\21 (B \21]"
= e — =) =1 . A34
[(B) =+ (3) TE] (A34)
Similar to the baseline model, parameter 7,; measures price informativeness
of the date-t financial market. Using Bayes’ rule, we can compute

. ~ - 790 + Ty 18p s + T80
EG 11T, 5.0) = E@ 1154, 5) = ———RLOpL T 6000 (A35)
Ty + Tps + Te

~ ~ 1
0, 2 Sei) = Oi118ps, 8ti) = ——— . A36
var(6;411Zy, 8;;) = var(Gy1115p, 8¢.:) A ( )
Inserting equations (A31), (A32), (A33), (A35), and (A36) into equation (A30)
and aggregating, we can express the aggregate demand function from commod-
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ity producers as
1 . -
/0 dpiidi = ©f, + ) 1 + L& + ¥ 61 + L& + @8, py + ©F,0;, (A3T)

where the ®-coefficients are given in the Internet Appendix.
Date-t financial speculators’ futures demand is given by equation (39). Using
(A29), we can compute the conditional moments as

o k ] )
E@ 1112, 0p41) = m(BG,H—le + B 11€)

L 1 |kAosi1+ (RAsi1 +1)0i1 + (RAcii1 + h)é
1+k| +Ek(Avi+1)0 4 [kApii1 — (R + k)] B
(A38)
i RAs i +1)°L
var(G 1|7, G41) = %
(1+%)
2 BZ BZ BZ BZ
+ k 0,t+1 + c,t+1 + o, t+1 + Et+1 ) (A39)
1+k Ty T Ty T¢

Inserting the two moment expressions above into equation (39), we can com-
pute the total demand from financial speculators as

Asids; = OF, + D 01 + 05,6 + 05y + 3,0y, (A40)

where the ®-coefficients are given in the Internet Appendix.
We can compute the demand function of date-¢ financial hedgers as

- - ~ kAsi1+1)p /Ty ~
E@| Ty, @ra1) — pr — PetDovmg
1 t+112Le, 1 ¢ = i+
dye = — (h)vo . (A41)

2
Ya ~ ~ (kAJ,t+1+1) 02
var(0,.1|Zy, Gpyp) — 20

1112, Gpp1 0

Using (A29), we have

- k ) )
E@ 1L, G 1) = m(Be,tHQ + Bcs11€)

1 (kAs 41+ 1)E(G111G:)
+m +RAo 1 + (kAc,H—l + h)ét , (A42)
+k(Av,t+1 + 1)5t + [kAp,t+1 - (h + k)]ﬁt
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_ _ B \?(., 1 1 1 1
var(0411Zs, Gy q1) = itk B; 41 +Bc 41 +B(x 1 +Bé 1T T
N (FAs i1+ 1)2% + (RAg 11 + 1) Val‘(ét+1|(1t)’ (A43)

(1+k)*
where §; is the signal that financial speculators extract from the price p;,

Dy —A(Ly) — By 1@ ~ B,
g = PTA St _g | Detg, (A44)
By, By,

which is normally distributed with mean 6;,; and precision given by

B 2
Tyt = (BT‘i) z. (A45)

Inserting (A42) to (A44) into (A41), we can compute the aggregate demand
from date-¢ financial hedgers as

Agdy, = O, + @ 01 + 16 + O a0 + O & + @ by + @0, (A46)

where the ®-coefficients are given in the Internet Appendix.

Inserting the demand functions (A37), (A40), and (A46) into the futures
market-clearing condition (40), and using the expressions of 0; and G; in equa-
tions (42) and (43), we can compute the implied price function. Comparing this
implied price function with the conjectured price function, we then obtain the
following system of equations:

P S H
(DO,t + <I>O,t + d)

Aoy = — , (A47)
(@0, + @5, + o,) + (oF, + (bst + o) £,
(DPtJrq)LtJrq)Ut
Apy = — — 1k , (A48)

(OD, + @5, + OF,) + (0F, + @F, + o) %5

Py, + P

Ay = — Ltk , (A49)
(PD, + @5, + OF) + (0, + @7, + o) &5

P S H
q)v.t +<1>v.t“’»q)u,t

Aoy =— Ltk h, (A50)
(@F, + @5, + L) + (0f, + @5, + P )1+k

oF,+ @5, + 08,

Ay =— Ltk k, (A51)
((D;t + cbzszt + (bgt) + (@, + q’St + off )1+k
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of,+05,+of,

vt

A, = Ltk h+E), (A52)
P T+ S, + o) + (o, 5 0%, 1 ol g )

CDP + (DS + @H
Bei=-1— S C}tl - P > S HY kE_° (A53)
(@8, + @5, + ) + (@F, + @5, + @) 5

P 5 H
@y, + Py, + Py,

By, = — , (A54)

(@0, + @5, + o)) + (F, + @5, + ‘th)l%k

o, + o
B,;=— ot ol (A55)
3 k 9
(‘I’ﬁt + q)it + q’g:) + (@, + o5, + CDzI;,It)lT-k
of, + o, +1

Bey = — : : (A56)

(@, + @5, + o) + (oF, + @5, + c1>5{t)1kﬁ'

Note that equation (A47) is equation (45) in Proposition 5 and that equa-
tions (A54) to (A56) are equations (47) to (49) in Proposition 5.
By equations (A48) to (A52), we can show

Ag’t = Ag’t,Acﬁt = hAG,taAU,t = kAg,t, and Ap,t = —(h —+ k)Ag,t.

By the expressions of A.; and B,; in (A50) and (A53) and the expressions of ®’s
in the Internet Appendix, we can show that B.; = 17C+I“Ac_¢. Define A;; = Aq;.
Equation (A48) then becomes equation (46) in Proposition 5.
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