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Non-Technical Summary

Since the seminal work of Keynes (1930) economists and researchers in finance have studied the
theory and empirics of commodity futures markets and their fundamentals extensively. Over the
past decade these markets have been the focus of an intense public debate and in academia. The
reason is that commodity spot and futures prices, especially those for various food commodities as
well as oil and gas, had increased to all-time highs. This pronounced price increase had occurred
together with an equally sharp increase in long positions in these contracts held by financial
speculators, which often trade in index products written on a basket of commodities. The volume
of index-linked commodity investing went up dramatically from the beginning of 2006 until the
end of 2007. At around the same time futures and spot prices had risen to all-time highs.

Given this coincidence of large index-linked and financially motivated commodity positions on the
one hand and increasing commodity prices on the other, the activities by financial speculators on
commodity markets were perceived as harmful from a welfare perspective, especially in the
context of food commodities. The poorer parts of the population, in particular in emerging
countries, have to spend a large share of their income on these basic commodities. Consequently,
it was suggested that futures markets should be regulated tightly via, for example, position limits.

Nevertheless, despite the seemingly clear evidence presented above, the debate about a potential
causality going from commodity investing to excessive price increases is still ongoing, with
evidence both for and against the hypothesis. One reason for this difference of opinion is probably
that the empirical analyses are still plagued by a number of problems. First, the financialization
phenomenon in the sense of strongly increasing position sizes held by financial investors can only
be observed from 2004 onwards, that is, over a relatively short sample. Second, the data do not
usually exhibit the quality needed to study potential causal effects reliably. For example, it is often
hard to distinguish financial speculators from other types of investors and to obtain their exact
trading positions, since one can only obtain aggregate net positions.

Overall, as this brief discussion shows, there is still need for a deeper theoretical analysis of the
impact of commodity trading on spot price dynamics and on the welfare of different economic
agents. This is exactly what we want to provide with this paper. More precisely, we want to answer
the question of whether and under what conditions the basic fact that commodity price risk
becomes tradable on financial markets leads not only to a price reaction, but more importantly to a
welfare loss for those agents who are prevented from participating in these markets due to their
low wealth. In contrast to other papers dealing with financialization from a pure financial markets
perspective, our model focuses explicitly on the double role of a commodity as a source of
consumption utility and as an input into a production process.

Our general equilibrium model features two types of goods and four types of agents. The two
goods are the basic commodity, which represents a basket of basic commodities like energy and
food, and a generic 'non-commodity' good, which can be seen as the result of a finishing process
with the basic commodity as one of the inputs. A distinction is made between the two types of



goods to model differences in the consumption bundles between people living in emerging
countries, who are potentially strongly dependent on the commaodity in their daily consumption,
and the inhabitants of richer, more developed countries, for whom the consumption of food is of
course still necessary, but where there is also a significant share of other, more refined, goods in
the consumption basket.

The choice of agents who populate our model economy is based on a very similar motivation. The
four agents are a commodity consumer, an agricultural producer, an industrial producer, and a
financial speculator. The first two are again meant to represent an emerging economy with
agriculture as a key sector and some basic commodity as the key element of the consumption
bundle. The commodity consumer receives an exogenously specified stream of the non-
commodity good and has to exchange it for the basic commodity, which immediately implies that
high commodity prices represent a bad state for her. The agricultural producer, whose endowment
consists of the commodity good, derives utility from the consumption of both this basic good and
the refined non-commodity good which she has to buy. With respect to the consumption basket
she is structurally equal to the industrial producer, who is endowed with capital and has access to
a production technology. She can use this capital and the commodity to produce the non-
commodity good. Like the commodity consumer, the financial speculator is endowed with a
stream of the non-commodity good, the consumption of which is also the only source of utility for
her. She does not consume the commodity good, but may trade commodity derivatives for
speculative reasons.

To analyze the equilibrium effects of financial markets in this setup we compare different
scenarios with respect to the agents' access to them. In all versions of the model we retain the
assumption that the commodity consumer cannot trade financial products. With respect to the
other types of agents, we consider the case where all three of them or only two of them can trade
instruments called 'bond' and ‘commodity derivative'. The quantities of interest we compare across
the different scenarios are the agents' wealth and consumption levels and volatilities as well as
spot and futures prices and their volatilities, and the reaction of all these key quantities to shocks
in the sources of risk in the system.

The main findings of our model with respect to the role of financial markets can be briefly
summarized as follows. First, access to financial markets is always beneficial for the agents
allowed to trade in the sense that it reduces their consumption volatility. From a welfare point of
view it is important that commodity risk is tradable, i.e., that the agricultural producer has access
to the financial markets. Once she and the financial speculator can trade on the financial markets,
not only do their own consumption growth volatilities decrease but so also do those of the
industrial producer and the commodity consumer, so that in this case all agents benefit.
Furthermore, compared to the benchmark case without financial markets spot price volatility is
much lower. This is no longer true when the financial speculator only trades with the industrial
producer. In this case only the two financial market participants enjoy a reduction in consumption
volatility, while we find the opposite for the agricultural producer and the commodity consumer.

To sum up, while access to financial markets is always beneficial for the participating agents, the
effects for those, who face severe hurdles in their access to these markets are not uniformly clear.
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1 Introduction

Since the seminal work of Keynes (1930) economists and researchers in finance have
studied the theory and empirics of commodity futures markets and their fundamentals
extensively. Over the past decade these markets have been the focus of intense debates
both by the public and academia. The reason is that commodity spot and futures prices,
especially those for various food commodities as well as oil and gas, had increased to all
time highs, and this pronounced price increase had occurred together with an equally
sharp increase in long positions in these contracts held by financial speculators, which
often trade in index products written on a basket of commodities. According to Sanders
and Irwin (2011) the volume of index-linked commodity investing went up from 90 billion
USD at the beginning of 2006 to a peak of just under 200 billion USD at the end of 2007.
At around basically the same time futures and spot prices had gone up to all-time highs.
For example, Singleton (2013) shows that the NYMEX WTTI crude oil price peaked (at
about 140 USD per barrel) around August 2008. Other studies providing detailed anal-
yses with similar tendencies in commodity trading activities and price dynamics include
Casassus and Collin-Dufresne (2005), Gorton and Rouwenhorst (2006), Hong and Yogo
(2009), Acharya, Lochstoer, and Ramadorai (2013), and Gorton, Hayashi, and Rouwen-
horst (2013).

Given this coincidence of large index-linked and financially motivated commodity
positions on the one hand and increasing commodity prices on the other, the activities
by financial speculators on commodity markets were perceived as harmful from a welfare
perspective, especially in the context of food commodities, since the poorer parts of the
population especially in emerging countries have to spend a large share of their income
on these basic commodities. Consequently, it was suggested that they should be regulated
tightly via, for example, position limits as proposed by Schumann (2011).

Nevertheless, despite the seemingly clear evidence presented above, there are au-
thors who claim that the causality from commodity investing to excessive price increases
assumed by the critics of financialization is not really there. Examples for this view are the
papers by Stoll and Whaley (2010), Pirrong (2011), Plante and Yiicel (2011a,b), Sanders
and Irwin (2011), Fattouh, Kilian, and Mahadeva (2013), and Kilian and Murphy (2013).

On the other hand a number of academic papers and testimonials to government
and regulatory committees argue empirically that the observed price increases are in
fact mainly due to speculation via index futures. Among these are Masters (2008) and
Singleton (2013) who show that intermediate-term growth rates of index positions and
managed-money spread positions after controlling for other known factors driving futures
prices had the largest impacts on oil prices. Other examples for empirical studies claiming
that financial speculation is indeed an explanation for changed commodity price dynamics
include Gilbert (2010) and Tang and Xiong (2012). Further studies that point towards
changes in trading as well as in futures or spot price dynamics following the ‘financializa-
tion’ of commodity markets are Silvennoinen and Thorp (2013), Henderson, Pearson, and
Wang (2015), and Cheng, Kirilenko, and Xiong (2015). Cheng and Xiong (2014) provide
a survey of the literature on how financial speculators impact commodity markets.
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One reason for this mixed picture is probably that the empirical analyses are still
plagued by a number of problems. First, the financialization phenomenon in the sense of
strongly increasing position sizes held by financial investors can only be observed from
2004 onwards, i.e., over a relatively short sample. Second, the data do not usually exhibit
the quality needed to study potential causal effects reliably. For example, it is often hard
to distinguish financial speculators from other types of investors and to obtain their exact
trading positions, since one can only obtain aggregate net positions.!

Overall, as this brief discussion shows, there is still need for a deeper theoretical
analysis of the impact of commodity trading on spot price dynamics and on the welfare
of different economic agents, and this is exactly what we want to provide with this paper.

More precisely, we want to answer the question of whether and under what conditions
the basic fact that commodity price risk becomes tradable on financial markets leads
not only to a price reaction, but more importantly to a welfare loss by agents, who are
prevented from participating in these markets due to their low wealth. In contrast to other
papers dealing with financialization from a pure financial markets perspective, e.g. Basak
and Pavlova (2015), our model focuses explicitly on the characteristics of a commodity as
a source of consumption utility and as an input into a production process. In Basak and
Pavlova (2015) the key issue is indexation, i.e., if a tradable asset is contained in some
sort of index or not, while the physical properties of the asset or, in our special case, of
the commodity are irrelevant. In this sense our analysis provides a benchmark for the
analysis of the effects of indexation in this other types of models.

Our general equilibrium model features two types of goods and four types of agents.
The two goods are the basic commodity, which represents a basket of basic commodities
like energy and food, and a generic ‘non-commodity’ good, which can be seen as the
result of a finishing process with the basic commodity as one of the inputs. A distinction
is made between the two types of goods to model differences in the consumption bundles
between people living in emerging countries, who are potentially strongly dependent on
the commodity in their daily consumption, and the inhabitants of richer, more developed
countries, for whom the consumption of, for example, food is of course still necessary, but
there is also a significant share of other, more refined, goods in the consumption basket.

The choice of agents who populate our model economy is based on a very similar
motivation. The four agents are a commodity consumer, an agricultural producer, an in-
dustrial producer and a financial speculator. The first two are again meant to represent an
emerging economy with agriculture as a key sector and some basic commodity as the key
element of the consumption bundle. The commodity consumer receives an exogenously
specified stream of the non-commodity good and has to exchange it for the basic com-
modity, which immediately implies that high commodity prices represent a bad state for
her. The agricultural producer, whose endowment consists of the commodity good, de-
rives utility from the consumption of both this basic good and the refined non-commodity
good. With respect to the consumption basket she is structurally equal to the industrial
producer, who is endowed with capital and has access to a production technology. She can

LA detailed discussion on these issues can be found in Sanders, Irwin, and Merrin (2010).



use this capital and the commodity to produce the non-commodity good. Like the com-
modity consumer, the financial speculator is endowed with a stream of the non-commodity
good, the consumption of which is also the only source of utility for her. All agents in our
model are equipped with recursive preferences of the type introduced by Epstein and Zin
(1989).

To analyze the equilibrium effects of financial markets in this setup we compare
different scenarios with respect to the agents’” access to them. In all versions of the model
discussed below we will retain the assumption that the commodity consumer cannot
trade financial products. With respect to other types of agents, we will consider the case
where all three of them or only one of the two producers and the financial speculator can
trade instruments called ‘bond’ and ‘commodity derivative’.? The quantities of interest
we compare across the different scenarios are the agents’ wealth and consumption levels
and volatilities as well as spot and futures prices and their volatilities, and the reaction
of all these key quantities to shocks in the sources of risk in the system.

The main findings of our model with respect to the role of financial markets can
be briefly summarized as follows. First, access to financial markets is always beneficial
for the agents allowed to trade in the sense that it reduces their consumption volatility.
From a welfare point of view it is important that commodity risk is tradeable, i.e., that
the agricultural producer has access to the financial markets. Once she and the financial
speculator can trade on the financial markets, not only do their own consumption growth
volatilities decrease but so also do those of the industrial producer and the commodity
consumer, so that in this case all agents benefit. Furthermore, compared to the benchmark
case without financial markets spot price volatility is much lower. This is no longer true
when the financial speculator only trades with the industrial producer. In this case only
the two financial market participants enjoy a reduction in consumption volatility, while
we find the opposite for the agricultural producer and the commodity consumer. We
trace these key results back in detail to the agents’ consumption and wealth exposures to
shocks, and it is at this point that access to financial markets really matters. Financial
instruments enable market participants to share risk across states and across time, so that
equilibrium consumption exposures depend on the opportunity to trade the bond or the
commodity derivative.

With respect to financial quantities the model produces a reasonable level and
volatility of the risk-free rate. Furthermore, the volatilities of futures and spot prices
are in line with the dynamics of major commodities.

Our paper is of course not the first to theoretically investigate the link between the
commodity and the financial market. The work closest to ours is probably Johnson (2011).
The major innovations in our model compared to his setup are the explicit introduction of
heterogeneous agents and the more general specification of recursive preferences relative
to the constant relative risk aversion utility in his model.

2We introduce these two types of assets into the model to allow agents to share risk across time and
states. It turns out that the precise type of payoff tradable in the market is not very important for our
overall results.



In terms of the multiple agent setup the papers by Liu, Qiu, and Tang (2011) and
Fattouh and Mahadeva (2014) are similar to ours. Liu, Qiu, and Tang (2011) consider
a three agent economy featuring a hedger, a speculator, and a financial speculator. The
hedger earns an exogenous convenience yield on his inventory of the commodity, while
the speculator is providing liquidity. The financial speculator in turn is on average futures
contracts long to bet on rising prices. The most important difference between their model
and ours is that they analyze a partial equilibrium setting with an exogenously specified
convenience yield. This means that one of the key quantities in our model, the relation
between spot and futures prices, is not determined in equilibrium in their model and thus
does not reflect the agents’ optimal consumption and investment strategies.

The model in Fattouh and Mahadeva (2014) also features three agents. The phys-
ical speculator obtains an exogenous supply of the commodity which she can sell to the
consumer right away or store for later. The financial speculator cannot hold physical in-
ventory, but can trade in futures with the physical speculator and obtains her income from
a position in a risky stock. Moreover, investment in a money market account is available
for these two agents. The authors conclude from their analysis that fundamentals and not
financial speculation were most likely the main determinants of futures and spot prices.

Baker and Routledge (2012) and Baker (2015) also study multiple-agent general
equilibrium models. Baker and Routledge (2012) rely on an endowment economy with
two consumable goods, a refined final consumption good and oil. There are two groups
of investors with recursive preferences which differ with respect to the consumption bun-
dle as well as their time and risk aggregators. They show that exogenous shocks to oil
consumption generate endogenous shifts in the wealth distribution, which in turn cause
persistent fluctuations of the oil price. Hence, they point to the importance of both funda-
mental shocks and risk sharing mechanisms on commodity markets as factors explaining
the dynamics of futures markets. Baker (2015) considers a model with a producer, a dealer,
and a household. Households consume both a refined final good and the commodity. The
dealer has access to a storage technology. All three agents trade futures. Financial inno-
vation is captured by a reduction in transaction costs for the household, and proxies the
increased inflow of financial investment in commodity markets. The author argues that
financialization cannot explain the occurrence of high spot prices, but can lead to lower
equilibrium excess returns of futures, a more frequently upward sloping term structure of
forward prices, and higher volatilities in spot and futures markets.

Other general equilibrium models involving commodities include Pirrong (2008),
Casassus, Collin-Dufresne, and Routledge (2009), Hitzemann (2015), Ready (2016), and
Arseneau and Leduc (2013). Pirrong (2008) considers a production economy and intro-
duces stochastic volatility into the economy-wide productivity shock, but he does not
provide an explicit welfare analysis in a heterogeneous agent economy as we do in this pa-
per. Casassus, Collin-Dufresne, and Routledge (2009) also analyze a representative agent
production economy where the commodity in the authors’ focus is probably best repre-
sented by oil and thus somewhat different from the mixed commodity that we have in
mind in our analysis.

In another representative household model Hitzemann (2015) studies an economy
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with long-run productivity risks and an oil-producing sector. Oil is only consumed by the
household, but not used in the production of the final consumption good. In this setting
about half of the risk premium in futures is explained by fundamental factors. The paper
also contributes to the debate on ‘financialization’ by showing that fundamental long-
run productivity shocks can explain why futures term structures are more likely to be in
contango, and why oil futures prices exhibit more momentum in the data from 2003 to
2008. Ready (2016) studies a related long-run risk production economy model, where oil
is also an input to production. He finds similar equilibrium effects caused by the presence
of financial speculators on commodity (oil) futures markets. Arseneau and Leduc (2013)
consider a general equilibrium model with commodity storage and the commodity being
used for both production and consumption of the representative household. Relative to
the partial equilibrium framework of Deaton and Laroque (1992) they find that storage
leads to a higher persistence in commodity prices and to a lower frequency of stockouts.

In the next section we describe our model and the equilibrium in detail. Afterwards,
we discuss our results and calibration in Section 3 and conclude in Section 4. The appendix
contains all derivations left out in the main text.

2 Model

We consider a model with two types of goods and four types of agents. The two types
of goods are the commodity good and the non-commodity good. We assume that there
is an exogenous supply of both the commodity good and the non-commodity good. Fur-
thermore, there is a production technology which can be used to convert the commodity
good into the non-commodity good.

There are four agents in our model, the industrial producer, the agricultural pro-
ducer, the commodity consumer, and the financial speculator. The industrial producer and
the agricultural producer derive utility from the commodity good and the non-commodity
good. The financial speculator only consumes the non-commodity good, while the com-
modity consumer derives utility form the commodity good only. The production technol-
ogy is exclusively available to the industrial producer.

In addition to the explanations provided in the following sections the structure of the
model is also summarized graphically in Figure 1. The upper panel in the figure highlights
the agents’ endowment streams and the input to their respective utility functions, whereas
the lower graph focuses on the different markets represented in our model (commodity
spot market and financial markets).

2.1 Agents

There are four agents in our economy, the industrial producer (IP), the agricultural pro-
ducer (AP), the commodity consumer (CC) and the financial speculator (FS). All agents



have Epstein and Zin preferences given by

9;

Uit = {(1 - B)C. + B (Et[Ui:ﬂ)ei} o (1)

for i € {AP,IP,CC,FS}. The coefficient of relative risk aversion is denoted by ~;, 1
is the intertemporal elasticity of substitution, and f; is the time discount factor. We

furthermore define 6; = 11:1
¥

Effective consumption C’i,t is the constant-elasticity-of-substitution (CES) aggregate
of non-commodity good consumption C;; and commodity good consumption @);, i.e.

Crv = (:C0+ (1 — $)QL) 7. (2)

The parameter ¢; determines the weight of non-commodity consumption. The elasticity
of substitution between the two consumption goods is given by fpi, where p; < 1. In the
following, we assume that the industrial and the agricultural producer derive utility from
both goods (i.e. 0 < ¢rp,pap < 1). The commodity consumer derives utility from the
commodity good only (i.e. ¢cc = 0), while the financial speculator derives utility from
the non-commodity good only (i.e. pps = 1).

Each agent has an exogenously given endowment which she uses to finance her
consumption. The industrial producer owns the (exogenously given) capital and has access
to a production technology. She can use capital and the commodity good which she buys
in the spot market to produce the non-commodity good. The agricultural producer is
endowed with the (exogenously given) supply of the commodity good. By selling parts
of her endowment, she obtains the non-commodity good. The commodity consumer and
the financial speculator are both endowed with an (exogenously given) stream of the non-
commodity good, which the commodity consumer uses to buy the commodity in the spot
market.

In order to price the financial assets we introduce in Section 2.3 below, the pricing
kernels of the industrial producer, the agricultural producer and the financial speculator
are needed. The pricing kernel in units of the non-commodity consumption good of agent
i € {IP, AP, FS} is denoted by Mt(;)ﬂ and is the ratio of agent i’s marginal utility with
respect to non-commodity consumption at time ¢ 4+ 1 to the marginal utility at time ¢. It
is given by

-5 =& 1= 17%
MO Ui /0C; 141 — B (Ci,t+1> Vi (%tﬂ) ¢ Ui ’ (3)
ML UL 0C,  TT\ Cy Tig E (U] ’

3The derivation of this pricing kernel for the industrial producer can be found in Appendix A.1, for
the agricultural producer in Appendix A.2 and for the financial speculator in Appendix A.3.




where )

- ¢:Ci ¢ = Yi(1—pi) —1

it = - - =
¢i0£t +(1—¢i) Zt Yip;

The percentage of the budget which the investor spends on non-commodity consumption
is denoted by xi,t.‘l Note that zpg, = 1 since the financial speculator only consumes non-
commodity goods. Hence, the pricing kernel of the financial speculator reduces to the
standard Epstein-Zin pricing kernel derived in Epstein and Zin (1989).

(4)

2.2 Endowments and Production

The exogenous supply of the commodity good is given by

Qe =€ gy = (1 — @g)q + qi—1 + €qp- (5)

It grows with rate p,. The overall level of the commodity supply is determined by the
long-run mean ¢ of the process ¢. Innovations €, to ¢, are normally distributed with
mean 0 and standard deviation o4, and the persistence of these shocks is determined by
©,-° Note that the commodity good cannot be stored. Commodities have to be consumed
or used in production immediately.

For the non-commodity good, there is also some exogenously given supply. The
commodity consumer is endowed with the income stream Zcc; given by

-t _
= etcottieot - poor = (1 — pec)Zoe + poczoci—1 + €co, (6)

Zeoy
with growth rate pcc and normally distributed innovations ¢, with mean 0 and stan-
dard deviation oce. The persistence of these shocks is determined by ¢ee. The overall
level of the income stream depends on the long-run mean Zoc. Analogously, the endow-
ment Zpg, of the financial speculator is given by

— pUFSti+zZRst
ZFS,t =e€ )

zpsi = (1 — Yrs)Zrs + ©rszrsi—1 + €rsy. (7)
The growth rate is pupg, the overall level is determined by the long-run mean zpg of zpg,,
the innovations epg; are normally distributed with mean 0 and standard deviation opg,
and the persistence of these shocks is determined by ¢pg.

Furthermore, there is a production technology for the non-commodity good, which
uses capital K; and commodities ()p;, available to the industrial producer. The CES

4For IP and AP, this follows from the spot price given in Equations (11) and (15).

5For the endowment processes, we rely on productivity shocks with an exogenous growth rate as
assumed in the macroeconomic literature. The productivity shocks are stationary and temporary, but
they have a high persistence. See, for example, Kaltenbrunner and Lochstoer (2010) and Aldrich and
Kung (2011), for productivity shocks which are modeled in a similar manner as our endowment processes.



production function Y resulting in non-commodity good output Y; is given by

Vi = Y (K Qra) = (KY + (1—1)Q%.)" = Qre (n ( Qﬁ) - n>) @

The elasticity of substitution between capital and the commodity is ﬁ where v < 1. 9

gives the weight of capital in production. Capital K is given exogenously. It evolves as
Kt = euk'H—kt, ]{Zt = (1 — (,0]0]% + QOkkt_l —+ 5k,t7 (9)

with growth rate s, overall level determined by the long-run mean k, normally distributed
innovations €5, with mean 0 and standard deviation oy, and the persistence of these
innovations is determined by ¢y. In contrast to most macro models the capital endowment
is exhausted in the production process and cannot be carried over to the next period.
Hence, there is no capital depreciation or investment, i.e. capital is exogenous. More
broadly, the capital endowment can be interpreted as labor or technology and all other
factors contributing to production (see Johnson (2011) for a discussion).

2.3 Spot Market and Financial Market

The commodity good is traded in the spot market. Here, the industrial producer and
the commodity consumer can buy the commodity good from the agricultural producer in
exchange for non-commodity goods. The price of the commodity good is denoted by .S;.

Depending on the model under consideration, there might also be a financial market
in which (at most) two assets are traded: a bond and a commodity derivative. The bond
is a locally risk-free asset which pays one unit of the non-commodity good at the next
point in time. The interest rate from ¢ to ¢ 4 1 is denoted by Ry,. It allows to transfer
consumption over time. The commodity derivative also has a time to maturity of one
period. Its payoff at time ¢ 4+ 1 is equal to the spot price S;;; of the commodity good,
its price at t is denoted by F;. In addition to transfering consumption over time, it also
allows the spot price risk to be traded.

In the benchmark model there are no financial assets available to the agents. In the
most general model (later called IP-AP-FS model), the industrial producer can trade the
bond, while the agricultural producer can trade the commodity derivative. In both cases,
trading takes place with the financial speculator.

With one-period bonds and commodity derivatives only, the financial market is
incomplete. This limits the agents’ risk-sharing and consumption-smoothing possibilities,
but at the same time allows us to study the impact of financial assets being generally
available to the agents and the implications of different asset menus. So we can compare
the situation when only the bond is available to that when only the commodity derivative



is traded.® In Section 3.6, we also consider a market in which the industrial producer, the
agricultural producer and the financial speculator all have access to both the bond and
the commodity derivative, i.e. IP and AP are no longer restricted to one type of contract
only.

2.4 Equilibrium

In equilibrium, each agent maximizes her utility, and markets clear. We now look at the
optimization problems, derive the individual optimality conditions, and finally turn to the
market clearing conditions. The formal definition is given at the end of this section and
the detailed equilibrium conditions are given in the appendix. To ensure stable growth,

we assume [y = lqg = prs = Hcc-

2.4.1 Industrial Producer

The industrial producer is endowed with capital K and has access to the production
technology Y. At time ¢, she decides on how much of the commodity good to buy for
production (Qp;) and how much to buy for consumption (@Q;p;). If the bond is traded,
she also decides on the amount of to invest in the bond (B;p+1). Her optimization problem
is

brp

~15WP 1—viP1\ 715 e
max (1= Bre)Crpy" + Bip (]Et[UIP,t+1]) w ;

{Crp,t,QpP,t:QrpPt,Brp+1}

subject to the budget restriction
v
Cipt + Bipis1 + eu_i.tB?P,t-&-l =Y (K, Qpy) — QpriSi — QrpeSi + BrpyRyi—1. (10)

The effective consumption 6]]3’,5 depends on Cyp; and on Qrp, and is given by (2).

The budget restriction includes transaction costs ﬁB?Rt 41 for holding the bond.
These costs are a pure technical condition to obtain a well-defined deterministic steady
state. In the benchmark calibration, we will set 14 to a small, but positive, number. This
approach is thoroughly discussed in Judd and Mertens (2013).” Note that the costs per
squared number of the absolute portfolio holdings Brp are —I= and thus decreasing as
the economy grows. Technically, this is needed to have a stationary equilibrium.®

50n a complete market differences in asset menus would of course still matter for asset positions, but
not for the characteristics of consumption and wealth.

“In our setup, one could also allow for sizeable costs which represent the costs of entering the bond
market to study the impact of transaction costs on the equilibrium.

8The economy is growing, which implies that bond and futures holdings also grow over time. We
have to scale all variables by e#¢'t to obtain a stationary economy. Since transaction costs depend on the
squared positions in the assets, dividing them by e« is necessary to obtain stationary normalized bond



The solution to the optimization problem is derived in Appendix A.1. We give the
most important equilibrium conditions in the following three equations.” The intratem-
poral choice between commodity and non-commodity consumption gives

_1—¢mw (pr,t)mp‘l_

S,
' orp Crpy

(11)

The Euler equation for the commodity allocation to production is given by

1
Y (Ky, Qpy) ( ( K, ) >,,—1
Sy = ———2 = +(1— 1—mn). 12
’ 20, "\ Opr (1-mn) (1—mn) (12)
The Euler equation for the portfolio holdings is given by
| =B, [MUP) R, — oy, DiPer (13)
t tt+1LLft 1 ettt :

If prp < v the producer is better able to substitute capital for commodities in production
(i.e. K; vs. Qp;) than she is able to substitute non-commodity goods for commodities
in effective consumption (i.e. Cip; vs. Qrpt). Thus, when faced with a diminished sup-
ply of commodities due to, for example, a negative supply shock the producer will use
fewer commodities in production and keep the commodity consumption level relatively
unchanged. See Johnson (2011) for this line of argument. Furthermore, Johnson (2011)
argues that this assumption is justified by the empirical evidence.

2.4.2 Agricultural Producer

The agricultural producer is endowed with the commodity ). She has to decide on how
much of the commodity to consume (Q 4p;) and how much to sell to the industrial producer
and the commodity consumer. If she has access to the financial market, she also has to
decide on how many commodity derivatives to hold over the next period (naps+1). Her
optimization problem is

~120AP - 1 1251»
max (1= Bap)Capy + Bap (Bi[Uypiih]) 47 5
{CAP,MQAP,t»nAP,H-l} ’ ’
subject to the budget restriction
vV
Capt +napi1 Fy + @nip,tﬂ = (Q¢ — Qapy) St + napiSi. (14)

and futures holdings.
9All equilibrium conditions are summarized in Appendix A.6.1.
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The effective consumption C apy is given by (2).

Analogous to bonds, holding commodity derivatives also entails transaction costs
which are given by —2n%p,,,. They are again a pure technical condition to obtain a
well-defined deterministic steady state.

The solution to this problem is derived in Appendix A.2. The most important equi-
librium conditions are given in the following two equations.'® The intratemporal choice
between commodity and non-commodity consumption gives

1— prp—1
5 _ L= 0ar (QAp,t ) | )
oap  \Capt
The Euler equation for the portfolio holdings is given by
n
F —E, [Mt(j‘ﬁ) Sy — 2w, 25;?1} , (16)

2.4.3 Commodity Consumer

The commodity consumer is endowed with the exogenous wage stream Z¢¢ ;. Her budget
restriction is given by

Zocy = QccotSt. (17)

Since the commodity consumer only obtains utility from commodity consumption Qcc
and has no access to financial markets, she will use her full endowment to purchase
commodities. She has no possibility to actively influence the risk exposure or timing of
her consumption. The commodity consumer is thus strongly exposed to spot price risk.

2.4.4 Financial Speculator

The financial speculator is endowed with the exogenous wage stream Zpg;. She has to
decide on her consumption of the non-commodity good (Crg:), the amount she invests
into the bond (Bpg11), and the number of commodity derivatives she holds over the next
period (npgst1). She maximizes her utility

Ors

I?FS 1— _1_] 1-7Fs
max {(1 — Brs)Crsy® + Brs (Et[UFSZiSl]) Ors } :

{CFs,t,BFS,t+1,VFS,t+1}

subject to the budget restriction

V1 52 V2 2
CrsutBrspnt 5 Brspntirsenlit s = Zrset Brselpa1tnrseSe, (18)

10 Al]l equilibrium conditions are summarized in Appendix A.6.2.

11



where she also has to pay transaction costs for bonds (527 B#g, ;) and for commodity

etat
derivatives (27n%g,,1)-

The solution to this problem is derived in Appendix A.3. The Euler equations for
the optimal positions in financial assets are'!

B

1=F, [Mt(,ffl) Ry, — 21/1%} , (19)
n

B =E, [Mt(,ffl)StJrl — 21y I;iqtjl} . (20)

The financial speculator derives utility from the non-commodity good only. Without
financial markets, she simply consumes her endowment stream. If financial markets exist,
she trades the available assets. In particular, she trades commodity derivatives and thus
participates in the “futures market” for the commodity to smooth her consumption and
share her risks even if she has no interest in physical delivery of the commodity.

2.4.5 Market Clearing

Market clearing in the spot market for the commodity good implies

Qi = Qrpt + Qapr + Qpr + Qccy- (21)

Market clearing in the financial market implies

Brpi+ Brst =0, (22)
naps +nrsy = 0. (23)

The traded assets between the two producers and financial speculator are bonds (money
market account) on the non-commodity good and the commodity derivative.

The risk-free rate follows from Equations (13) and (19). If transaction costs were
zero'?, it would hold that

1= B MRy, = B MR,

The price of the commodity derivative follows from Equations (16) and (20). For zero
transaction costs, it was

Fy =B M S| =B [M{T2S00]

1 All equilibrium conditions are summarized in Appendix A.6.3.
12We will set v; = 5 = 0.0001, so that they are very close to zero.
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This can be rewritten as

1
Ry,

1
ES" [S,41] = —E2 [Si], (24)

E
t Ryt

where Q(i) denotes the risk-neutral probability measure of investor i. The price of the
commodity derivative is thus proportional to the futures price of a standard one-period
futures contract on the commodity.

2.4.6 Formal Definition of the Equilibrium

We now provide a formal definition of the equilibrium in our economy.

Definition 1. An equilibrium in this economy is a sequence of effective consumption lev-
els {CN'Z'7t}Z‘:{[P7AP7FS7CC}, pricing kernels {Mt(7i)+1}i:{1p7,4p7p5}, non-commodity consumption
levels {C;i}i—tipap,psy, commodity quantities {Q;}i—iprpapccy, endowments {Ky, Qy,
Zpst, Zoct ), non-commodity production output {Y;}, prices {Ryy, Fy, St} and portfolio

holdings { Brpt, Brst, napt, Nrst} such that given exogenous shocks {€x.t,€q1,Erst,Ecot}:

1. Each agent chooses effective consumption (2) optimally to mazimize lifetime utility
(1), and the pricing kernel processes of the industrial producer, agricultural producer

and financial speculator are given by (3).

2. The (non-commodity good) budget restrictions for the industrial producer (10), the
agricultural producer (14), the financial speculator (18) and the commodity consumer

(17) apply and non-commodity production output is given by (8).
3. The commodity good allocation and the spot price satisfy (11), (12), (15) and (21).

4. Bond holdings, commodity derivative holdings, the risk-free rate and the commodity
derivative price jointly satisfy (13), (16), (19) and (20).

5. The bond and commodity derivative market clearing conditions (22) and (23) are
satisfied.

6. Agents’ endowments follow from (5), (6), (7) and (9).

3 Results

In this section we explore the quantitative implications of our model. In Section 3.1
we discuss the four different model calibrations considered. In Sections 3.2 to 3.5 these
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different models are analyzed in detail. In our discussion we focus on the properties of
the spot price, the agents’ consumption exposures, and the resulting implications for the
volatilities of wealth and consumption growth. The latter two represent our key metrics
for the assessment of the welfare effects generated by the opportunity for certain agents
to participate in financial markets.

3.1 Calibration

To understand the equilibrium effects of allowing trading in financial markets for hetero-
geneous agents relative to the case without financial assets, we will analyze four different
model specifications. The benchmark or base case model is one without financial markets
(see Section 3.2). The second specification is called the IP-AP-FS model. Here IP and FS
can trade the bond, while AP and FS can share risk via the commodity derivative (see
Section 3.3). Third, in the IP-FS model the bond is available as a financial instrument to
the participating agents (see Section 3.4), and finally in the AP-FS model the commodity
derivative is traded (see Section 3.5).

The calibration is not targeted to match as many moments as precisely as possi-
ble but rather to produce fairly reasonable quantity and asset pricing implications for
aggregate quantities, specifically for commodity-related moments, and to allow for the
aforementioned analysis of equilibrium effects of financial market trading to be done
meaningfully. The model calibration is quarterly and all parameters discussed below are
summarized in Table 1, where Panel A reports parameters common to all model specifi-
cations and Panel B reports the parameters that are different across these models.

Our model economy intuitively corresponds to a world economy with emerging coun-
tries on the one hand and more developed and industrialized countries on the other. In
emerging countries agriculture and the production of other commodities is a key sector,
whereas developed countries feature a large industrial sector producing refined goods.
The commodity in our economy can thus be interpreted as a basket of basic commodities
needed for agents in the economy to sustain themselves, i.e. food commodities like rice,
soybeans, etc., and energy resources like oil, gas, etc., needed to prepare and store food
and also to heat or cool the living premises. The commodity is also used as input into
a production process (e.g., energy for manufacturing plants). Most of the population in
emerging countries, in our model represented by CC and AP, will depend strongly on a
basic commodity (most importantly food), and on the price of the commodity to finance
non-commodity consumption in their daily consumption. On the other hand, for people
in developed countries, like IP and FS in our model, other more refined goods represent
a much larger share of effective consumption.!?

13Note that we do not model exchange rates or any other typical component of a multi-country model.
This means that our economy can also be interpreted as representing a single more developed country
with a fairly important commodity-producing sector, a larger industrial sector, a large financial sector,
and a poor (for example unemployed) fraction of the population which consumes commodity goods and
does not buy manufactured products in large amounts. Australia can be seen as an example of such a
country.
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The exogenous endowment growth rates p, = 11y = rs = ptcc in the economy are
set to obtain an annual growth rate of aggregate consumption of 0.019 corresponding to
the empirical value for U.S. post-war data. They are identical to ensure balanced growth
so that agents do not die out in the long run.

Since the commodity consumer represents a part of the population with very limited
resources only able to sustain herself by consuming the commodity, she should account
for a rather small fraction of the total economy. Her consumption share is thus targeted
to be roughly 2.5%. Since her resources are very limited, she does not have access to any
financial market in any model specification considered. Moreover, the financial speculator
represents a rather rich part of the population. Therefore, we set the long-run means in
the wage endowments to Zrpg = 0 and Zoc = —2.9 so that the latter quantity is sufficiently
negative to feature a ‘poor’ consumer and a ‘rich’ speculator.

Another very important quantity in our model is the fraction of expenditure spent
on buying commodity goods. Seale Jr., Regmi, and Bernstein (2003) report that in high-
income countries (among others Canada, France, Germany, the UK, and the U.S.) house-
holds spend on average 16.97% of total expenditures on food. For the largest country in
this group, i.e. the United States, the value is 9.73%.'* The commodity good in our model
also includes energy. As discussed in Johnson (2011) on page 17, ‘the expenditure on en-
ergy goods and services was 6.4% in the fourth quarter of 1969 [...] and the expenditure
on food and energy goods was 20% of consumption’ in U.S. data. Taken together, we thus
target an aggregate fraction of commodity expenditure to total expenditure, Xaggr, of
about 15-20% in the model. Hence, the long-run means in the capital and commodity
quantity endowments are assumed to be kK = 0 and ¢ = 0.14, respectively, so that the
commodity has the right degree of scarcity in our model.

Finally, the log return volatility of the commodity derivative and the spot price
volatiliy are also very important asset pricing moments in our model. As explained in
the context of Equation (24) the price of the commodity derivative is proportional to the
futures price and thus the moments for the log return on the commodity derivative in our
model can be meaningfully compared to the log futures returns in the data. In Table 2 we
compute the averages and volatilities of these log futures returns for various commodities.
Moreover, we report the averages and volatilities of spot prices and the ratio between spot
price volatility and average spot price for the same commodities. The average annualized
log futures return volatility across these commodities is 27.59 percentage points and the
average ratio of the annualized spot price volatility of the average spot price is 0.70 using
quarterly futures and spot price data for the time period from the first quarter of 1991
until the second quarter of 2008. The remaining parameters, especially the elasticities
of intertemporal substitution, the elasticities and weight parameters in the consumption
bundles and the production function, to be discussed below also make sure that the model
matches these moments well. Moreover, Table 2 reports statistics on the growth rate of

4In contrast, middle-income countries (among others Argentina, Estonia, Mexico, and Russia) spend
34.69% of total expenditures on food. Low-income countries (among others Albania, Mali, Nepal, and
Pakistan) spend on average 52. 58% of their expenditures on food.

15 St(Qrpt+Qap,t+Qcc.t)
This fraction is defined by X aggrit = Crp+Cap,t+Crs,e+5:(Qrp i+ Qar i +Qcc,t)
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commodity producers’ sales (specifically, sales of the farming and the oil and gas extraction
industry). These statistics will be used to compare our model-implied commodity sales
dynamics with the data.

We choose the elasticities v = 0.10, p;p = —16.5, and pap = —16.5 to be close to the
values estimated in Johnson (2011) using a representive agent economy. Next, the weight of
capital in the non-commodity production 7 is set to 0.95 and thus the commodity accounts
for 5% of the resources needed to produce the non-commodity good in line with the
literature.'® Furthermore, we set the weight parameters of non-commodity consumption
for the industrial producer and the agricultural producer to be ¢rp = ¢p4p = 0.90. This
reflects in our model that the industrial and agricultural producer are consumers who
mainly derive their utility from non-commodity goods.

The preference parameters are identical across agents. The value for the discount
factor 3; = v/0.984 is standard in magnitude and used by, for example, Kung and Schmid
(2015). The risk aversion coefficient ~; is set to 10 and is thus in the typical range used
in the asset pricing literature. The elasticity of intertemporal substitution (EIS) is set to
1; = 0.5 and is thus in the range of recent empirical studies estimating this elasticity.!”

The correlation between the capital and commodity shock of the producers is chosen
to be 0.58, exactly as in Johnson (2011). We choose the correlation of the wage endowments
of the financial speculator and the commodity consumer to be far less, but nevertheless
positive, i.e. equal to 0.25, to reflect co-movement in wage increases (or decreases) for
both the high-income and low-income parts of the population to some extent. All other
correlations are set to 0 for parsimony.

Endowment shock volatilities, i.e. oy, 04, 0pg,0cc, are assumed to be identical and
set to 0.02. Moreover, the persistence parameters of each shock, i.e. ¢, @4, ¢rs, pcc, are
also assumed to be identical and set to v/0.95 as in Kung and Schmid (2015). There is
thus no heterogeneity in the (exogenous) level of volatility across agents. This allows us to
focus exclusively on the equilibrium price and quantity dynamics induced by differences
in preferences, in the type of consumption good, in endowments as well as differences in
access to financial markets.

Finally, in order to study the different cases of asset availability discussed in the
opening paragraph of this section we set the appropriate portfolio holdings {B;p, Brs}
and/or {nap,nrs} exogenously to 0, when the respective asset is not traded. Implicitly,
the transaction costs parameters vy and/or vy are set to oo then. If the asset is traded,

16Casassus, Collin-Dufresne, and Routledge (2009) and Wei (2003) use an oil or energy share of 0.04
in their production functions. Hence, besides matching the ‘standard’ labor share of about 0.65-0.70 in
production this allows their models to match the energy-labor ratio of 0.05 in empirical data.

17Vissing-Jargensen (2002) provides an estimation of the EIS using US household data suggesting that
the EIS for households holding assets is significantly positive and below 1. Specifically, she estimates that
stockholders have an EIS of around 0.3-0.4 and bondholders of around 0.8-1.0 and that the EIS increases
in the size of asset holdings. Morever, we follow most of the macroeconomics literature in assuming that
the EIS is below 1. The literature that combines investment-specific shocks and the analysis of (cross-
sectional) asset prices also provides empirical and theoretical justification for an EIS below 1 as discussed
by, for example, Papanikolaou (2011).
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the transaction costs are assumed to be very small. We set v; = 15 = 0.0001, in close
proximity to the value used in Judd and Mertens (2013).

The model is solved using third-order perturbations around the stochastic steady
state in Dynare++ 4.4.3. The moments are computed using a simulation of 1,000 economies
at quarterly frequency for 500 quarters, from which the first 100 quarters are not consid-
ered for the calculation of the moments (‘burn in-period’). Furthermore, impulse response
functions are depicted for a length of 20 quarters after an exogenously given positive one
standard deviation endowment shock.

3.2 Model without Financial Markets

This section analyzes the baseline model. The agents can trade in the spot market for
commodities only, but have access to neither bonds nor commodity derivatives. Analyzing
this model setup first allows us to discuss the equilibrium impact of adding financial
markets for spot price dynamics and welfare to the economy subsequently. Specifically,
by doing this comparison we can derive implications how trading certain kinds of risks
affects agents’ consumption and wealth growth volatilities (our main measures for welfare)
and the spot price volatility. We will first look briefly at important first and second
moments of this baseline model before later turning to analyzing the transmission of
agents’ endowment shocks through the economy.

Table 3 reports the first and second moments of growth rates. The average aggregate
consumption growth rate is 0.019 and coincides with the growth rates of endowment which
are set to 0.019 in the calibration. The volatility of aggregate consumption growth is 3.4
percentage points, and is smaller than the volatility of endowments, which has been set to
0.04 (quarterly: 0.02) for all agents. The same holds true for the volatility of production
output which amounts to 0.039. Agent-specific consumption growth rates, however, have
volatilities between 4 and 11.3 percentage points and can thus significantly exceed the
volatilities of endowment.

As reported in Table 4, 16.1% of total consumption expenditure is spent on the
commodity good. This is well in line with the empirical evidence for developed economies
that around 17% of total expenditure is spent on food and that around 20% is spent on
food and energy in the United States. Furthermore, in our model calibration, about 53% of
the commodity is consumed by the industrial producer (IP), about 25% by the agricultural
producer (AP) and about 13% by the commodity consumer (CC). The remaining 9% is
used in the production process by IP.

Table 4 also gives the consumption shares of the agents. As targeted in the calibra-
tion, the consumption share of CC is low and amounts to 2.4%. The financial speculator
(F'S) accounts for the largest fraction of total consumption in the economy, closely followed
by IP. These two agents account for almost 80% of total consumption. AP is responsible
for about 18% of total consumption.

The first two moments of the spot price are shown in Table 5. The volatility of
the spot price is 0.279 and thus significantly exceeds the volatilities of endowment. The
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ratio of the spot price volatility to the average spot price is 0.78 and thus in line with
the empirical counterpart reported in Table 2. Moreover, the total commodity sales of
AP are equal to S;(Q; — Qap) and its growth rate as reported in Table 3 displays an
annual volatility of almost 0.07, hence only falling slightly short of the empirical value
of 0.11 reported in Table 2. To understand the spot price behavior, we look at impulse
response functions. Figure 2 depicts the reaction of the spot price to shocks in capital
(Panel A), in the commodity supply (Panel B), and in the endowment streams of the
financial speculator (Panel C) and the commodity consumer (Panel D). In addition to
the reactions of the spot price, each panel also reports the reactions of the commodity
derivative price, the risk-free rate and the return on the commodity derivative.'® Since
the persistence parameters for all four endowment shocks are set to be identical (i.e.
Yk = ©q = Prs = poc), the time it takes the economy to return to the steady state is
very similar across all impulse response functions. In the remainder of this study, we will
thus concentrate on discussing the initial first-period impact of a shock which provides
sufficient information given our calibration. Since the persistence is quite high (annually:
0.95), it takes the economy a quite large number of quarters to return to the steady state.

In general, the spot price of the commodity increases in the relative scarcity of the
commodity, as measured by Crp/Qrp, K/Qp, and Cap/Q ap in Equations (11), (12) and
(15).' Figure 3 depicts the impulse response functions of non-commodity consumption C;
and commodity consumption Q; for i € {AP, I P}, Figure 4 depicts the impulse response
functions of the amount Qp used for production. Following Johnson (2011), we assume
prp = pap < 0 < v, i.e. the elasticity in the consumption bundle is lower than the elasticity
in the production function. The economy is thus better able to substitute capital for
commodities in production than to substitute the non-commodity good for the commodity
good in consumption. Shocks to capital and to the endowments of the investors will thus
have a large impact on the amount of the commodity used for production. The large
changes in K/@Qp and thus also in the spot price result in a spot price volatility of 0.279
(see Table 5).%

In response to a positive capital shock, the investors will use less of the commodity
for production (partly offsetting the increase in the non-commodity good from higher
capital) and more for consumption (Figure 4, Panel A). The relative scarcity K/Qp of
the commodity increases, which implies that the spot price of the commodity increases
as well. A positive shock to CC’s endowment has a similar effect. It also leads to a larger
supply of the non-commodity good and a larger demand for the commodity good used for
consumption. The amount of the commodity used for production decreases. The higher
scarcity of the commodity good leads to an increase of the spot price.

18The other figures containing impulse response functions have a similar structure. In them, each panel
also reports four impulse response functions which look at the impact for agent-specific quantities.

19Note that the relative scarcity is not exogenously given, but follows from the agents’ optimal decisions
concerning how much of the commodity to buy and how much then to use for production (in case of IP),
and concerning how much of the commodity to sell in exchange for the non-commodity (in case of AP).

20The relations Crp/Qrp and Cap/Qap between the commodity and the non-commodity good used
for consumption are much more stable. The low elasticities of substitution, however, imply that even
small changes in these ratios induce large changes in the spot price.
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A positive shock to the commodity supply increases the amount of the commodity
used for production. The relative scarcity K/Qp of the commodity decreases, and the spot
price drops. Note that an increase in the commodity endowment by 2% induces a much
larger decrease in the spot price of more than 6%. Finally, shocks to the endowment of the
financial speculator have no impact on the spot price in the economy without financial
markets. The speculator only derives utility from the non-commodity good and will thus
not participate in the commodity spot market.

Next, we analyze the reaction of agents’ effective consumption levels to the four en-
dowment shocks. Figure 5 depicts the impulse response functions for effective consumption
of all four agents.

First, F'S is only affected by her own endowment shocks as she lives in financial
and trade autarky in this model specification. Second, in response to capital shocks both
producers can increase their consumption. The increased supply of the capital good allows
IP to produce more non-commodity consumption goods. Hence IP consumes more of those
and can also buy more commodity goods from AP despite the higher spot price. The
increased scarcity of the commodity good and the resulting higher spot price benefits AP
since she obtains more non-commodity goods from even selling a smaller fraction of her
commodity endowment. She can thus increase both non-commodity and commodity good
consumption as well. Due to the increased spot price, CC has to reduce her consumption.

Third and very interestingly, the consumption of both the non-commodity and com-
modity good for AP decreases in response to commodity endowment shocks (see Figure
3, Panel B). Hence, effective consumption also decreases (see Figure 5, Panel B). Al-
though AP now has more of her own endowment, the negative price reaction in the spot
market is so severe that she can afford less non-commodity consumption and even has
to sell more of her commodity good to finance her non-commodity good consumption.
This effect is similar to what is referred to in the literature as 'immiserizing growth’!,
i.e., a higher endowment and thus higher endowment growth lead to lower consumption
and lower utility for AP. Moreover, this effect is absent in the representative agent model
of Johnson (2011). In his paper both the capital and commodity endowment are given
to the same agent. However, in our model the agent with the commodity endowment
(i.e. the agricultural producer) is dependent on the commodity spot market and thus on
the drivers of the spot price. Hence, the elasticity spread advertised by Johnson (2011)
in our model gives rise to this additional, at first surprising, result.?? Furthermore, the
result hinges exclusively on the condition pap,p;p < v, i.e. investors being better able
to substitute capital for commodities in production rather than willing to substitute the
non-commodity good for the commodity good in consumption. When the spread between
these elasticities becomes smaller, AP suffers less from commodity shocks.?® In contrast to

21Gee, e.g., the studies by Bhagwati (1958, 1968), Brecher and Diaz Alejandro (1977), Khan (1982) and
Beladi and Nagvi (1988).

22This result also relates to the recent evidence on the link between oil price dynamics and the economic
prospects of countries with a large oil-producing sector. Due to the over-supply of oil, oil prices are
extremely low at the moment. This has led to adverse economic conditions in countries for which the
revenues from oil determine a large share of GDP, such as Norway, Russia, Saudi Arabia, and Venezuela.

23Using unreported impulse response functions we also checked that for pap = p;p = v = 0.1 the
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this, both IP and CC benefit greatly from the large drop in the spot price. They can buy
more commodity goods for production of the non-commodity good and for consumption.
However, the agricultural producer suffers quite severely in the case when both psp and
prp are smaller than v.

Finally, positive shocks to the commodity consumer’s endowment allow CC to buy
more commodity goods for consumption. Since the demand for the commodity good in-
creases, the spot price increases. This is in turn also beneficial for AP. IP consumes less as
she needs to pay more for the commodity and thus can also produce less non-commodity
consumption good units.

Note that the allocation of the commodity to consumption and production, the
consumption of the agents, and the spot price are only driven by the weights of the
commodity and the non-commodity good, and the elasticity of substitution between them.
Neither relative risk aversion v nor EIS ¢ have any impact on the equilibrium quantities
and the spot price. The reason is that the investors can only trade in the spot market
for the commodity. Without financial assets, they can not shift consumption over time or
deviate from the risk of their endowment.

At this point it is worth relating our results to the results of Johnson (2011). His
model is able to endogenously create high commodity spot prices by assuming that the
substitution elasticity in the consumption bundle is much lower than the one in the
production function. He studies the welfare effects of (large) commodity price changes
and finds that very large commodity spot prices are considerably welfare-reducing for the
representative agent, but that moderately higher commodity prices are welfare-enhancing.
Moreover, increasing the elasticity in production leads to higher welfare. The changes
in welfare are induced by changes in the effective consumption volatility. We are also
interested in the welfare effects induced by changes in consumption volatility. However, we
compare heterogeneous agent economies with different financial market structures to study
the differential effects on welfare in a model where high commodity spot prices can occur
endogenously. Specifically, under which circumstances can financial markets be useful for
hedging against these high commodity spot prices and thus increasing (decreasing) welfare
(consumption volatilities)?

In the next sections we will analyze different versions of the model when certain
agents have access to financial markets. As stated above CC will never be able to par-
ticipate. We first consider the case when all the other three agents can trade financial

instruments (denoted as the IP-AP-FS model). The IP-FS model and the AP-FS model
follow.

3.3 IP-AP-FS Model

In this version of the model all agents except CC have access to financial instruments.
In particular we allow IP and FS to trade the bond, while AP and FS can trade the

agricultural producer can profit from her own commodity endowment shock.
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commodity derivative.?*

In terms of financial quantities, the return volatility of the commodity derivative
is about 11.3 percentage points in this model (see Table 5). Hence, the model explains
about 40% of the empirically observed futures return volatility as shown in Table 2. The
risk-free rate is a little bit on the high side with around 0.045 and very stable over time
with a volatility of about 0.76 percentage points.

The welfare implications of financial market trading are our main focus. So as a
first step we look at the agents’ wealth levels. They are reported in Table 6, stated in
units of the respective effective consumption. Since the consumption bundles of the agents
differ from each other, these levels of wealth can not be compared across agents, with the
exception of IP and AP, who have the same consumption bundle. In line with the findings
for consumption expenditures, IP’s wealth level is about twice as big as AP’s.

Compared to the baseline model trading in the financial market has a rather small
impact on the levels of wealth and effective consumption. The more appropriate metric
in our view, however, are not levels, but the volatilities of growth rates for both wealth
and consumption, and here the effects are indeed much stronger and clearer (see the
lower panel of Table 6). The possibility to trade in financial markets is beneficial for all
agents in the sense that these volatilities decline. AP benefits most with a reduction in
the volatility of effective consumption growth from 0.0676 to 0.0489, which represents a
sizable difference. The very important result here is that consumption volatility declines
even for the non-participating CC, albeit to a smaller degree, but one can see here that
financial markets indeed have the potential to be uniformly welfare improving.

We will mainly focus on the volatilities of consumption and wealth to assess the
welfare implications of trading on financial markets. It also holds for the other cases we
analyze that the levels of consumption do not change significantly, so that it is mainly
volatility which drives the agents’ welfare. Furthermore, since the endowment volatilities
are given exogenously, our agents mainly care about the sharing of these exogenous risks
via the financial and the commodity market. Volatilities of individual consumption are
thus central in our model, which again motivates their use to assess the welfare implica-
tions of trading.

To put the above result into perspective, note that it is not clear a priori whether
indeed all investors will benefit from the existence of financial markets. IP, AP, and CC
all trade in the spot market. If trading on the financial market has an impact on the
spot price, these agents will be affected. Even if they refrain from trading themselves,
their utility with financial markets will be different from their utility without financial
markets. The latter is thus no longer a lower bound for their utility which they can enforce
by simply not participating in the financial market, and so it is an open question whether
they are better or worse off with financial markets than without.

The situation is very different for F'S. She does not participate in the spot market
and thus lives in autarky when access to financial markets is not possible. Should she

24The results of a sensitivity analysis with respect to the set of assets available to the agents are
presented below in Section 3.6.
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not benefit from using the financial market to share her risks with the other agents in
the economy, she would simply choose not to participate, which would leave her utility
unchanged relative to the benchmark case.

A more detailed picture of the impact of financial markets on consumption is pre-
sented in Figure 5, which shows the impulse response functions for the agents’ effective
consumption with respect to different shocks. The asset positions of the agents are given

in Table 7.

AP uses a short position in commodity derivatives to hedge against a low spot price.
She reduces her exposure to capital shocks, commodity shocks, and CC’s endowment
shocks in absolute terms (Figure 5, Panels A, B and D), but in turn accepts a positive
exposure to FS’s endowment shocks (Panel C). IP can significantly reduce her exposure to
shocks in ¢ (the driver of commodity supply) and shocks in z¢e (i.e. CC’s endowment) in
absolute terms. In turn, she has to accept a positive exposure to FS’s endowment shocks.
Her exposure to shocks in her own capital, however, increases slightly. FS can reduce
her exposure to her own endowment shocks. She takes on a positive exposure to capital
shocks (providing insurance to the agricultural producer who can reduce her exposure).
Her exposure to shocks in the commodity supply and CC’s endowment is rather small. For
these two shocks, she basically acts as an intermediary between AP and IP and allows
these two agents to share their risks. Since the reductions in AP’s and IP’s exposures
almost offset each other, there is no need for FS to take a significant exposure herself.

Finally, CC is affected indirectly by the financial market via changes in the spot
price. She can reduce her very negative exposure to capital shocks significantly, while her
exposure to shocks in FS’s endowment changes from zero in the benchmark case to a
strongly negative number. Her exposure to her own endowment increases slightly, since
she benefits from a smaller increase of the spot price. Her exposure to commodity supply
shocks basically does not change.

Figure 2 depicts the reaction of the spot price to shocks. As in the benchmark model
the spot price increases with the relative scarcity of the commodity. It thus increases after
positive shocks to capital and to the endowments of FS and CC, while it decreases in
reaction to positive commodity supply shocks.

Compared to the benchmark case, there is now a positive exposure of the commodity
spot price to shocks in FS’s endowment. The exposure to capital shocks, which are now
also shared by FS, is reduced in absolute terms. The exposure to shocks in the commodity
supply and CC’s endowment, for which F'S does not participate in risk sharing, but mainly
acts as an intermediary between IP and AP, remains basically the same.

Overall, the volatility of the spot price is the same with and without trading (see
Table 5). Although risk sharing between the agents decreases the exposure of the price
to capital shocks, it also implies an exposure to FS’s endowment shocks. Overall, the
two effects offset each other, and together with the fact that the exposure to commodity
shocks and CC’s endowment shocks basically does not change, this implies that spot price
volatility does not change.

Note that the results for the volatilities of consumption and of the spot price are
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different from each other. While the volatilities of consumption decrease, the volatility of
the spot price basically does not change. There is thus no causal link between spot price
volatility and welfare implications, but trading in financial markets can have different
effects on these volatilities.

In Table 8, we report the results of a sensitivity analysis with respect to the prefer-
ence parameters, i.e., we consider the impact of the elasticity of intertemporal substitu-
tion (EIS) and relative risk aversion (RRA) on the equilibrium outcome of the IP-AP-FS
model.

A higher EIS implies that the agents care less about smoothing (effective) consump-
tion and use financial markets more strongly when investment opportunities are favorable.
It is still as important as before, however, for the agents to have a stable ratio between
non-commodity consumption C; and commodity-consumption ;. Hence, financial mar-
kets can be expected to be used more strongly to obtain (even more) stable C'/Q ratios.
Thus the spot price volatility should be decreasing in EIS. This is confirmed by the re-
sults when we set the EIS to 0.75 for all agents. In turn consumption growth volatilities
increase slightly for all agents except CC. Finally, the volatilities of wealth growth rates
decrease, since with ¢ closer to 1 the volatility of the wealth-consumption ratio and thus
also the volatility of wealth decrease (note that the wealth-consumption ratio would be
constant for ¢ = 1).

In terms of risk aversion we consider the alternative case of v = 15 for all agents.
The results are presented in the last column of Table 8. The spot price volatility decreases
slightly, and consumption volatilities remain more or less unchanged. In particular the
small impact on consumption volatilities shows that the agents are already close to the
maximal amount of risk sharing for v = 10, so that increasing risk aversion further does
not change their positions much.

3.4 1IP-FS Model

In the IP-FS model the traded asset is the bond, i.e., there is no commodity derivative,
and AP does not have access to financial markets. We now first look at the impact on the
spot price (see Figure 2), before we turn to the agents’ consumption exposures.

The key result here is that the volatility of the spot price increases relative to the
benchmark case without financial markets, which may seem counterintuitive at first, since
compared to the situation without any financial markets at least some agents now have
better opportunities to share risk. In terms of the mechanism, the exposure of the spot
price to capital shocks is reduced (Figure 2, Panel A), but at the same time the exposure
to commodity shocks and CC’s endowment shocks increases in absolute terms (Panels B
and D). Furthermore, the spot price increases after a positive shock to FS’s endowment
(Panel C). In total, spot price volatility increases substantially from 0.2791 to 0.3567 (see
Table 5).

Capital shocks are shared between IP and F'S, which implies that these shocks have
a smaller impact on the relative scarcity of the commodity and a lower impact on the
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spot price. AP and CC do not participate in the financial markets and are thus not able
to actively share their risks. In the spot market for the commodity, they face IP, who
benefits from risk-sharing with the F'S and is overall in a better position to determine
the terms of trade. The impact of commodity shocks and CC’s endowment shocks on the
relative scarcity of the commodity is therefore larger than in the benchmark case, which
implies a larger price reaction to shocks.

Now we turn to study the impact of bond trading between IP and F'S on effective
consumption exposures in Figure 5. Compared to the benchmark case without financial
markets IP reduces her exposure to her own capital shocks and now takes a positive
exposure to shocks in FS’s endowment. Her exposure to commodity supply shocks and
CC’s endowment shocks only goes down a little. FS’s exposures are in a sense the mirror
images of IP’s, i.e., she reduces the exposure to her own shocks and takes the opposite
position compared to IP with respect to the other shocks.

Since AP and CC do not participate in the financial market, the change in their ex-
posure to shocks as compared to the benchmark case depends exclusively on the changes
in the sensitivity of the commodity spot price. The exposure to capital shocks thus de-
creases in absolute terms for both agents, while the exposure to commodity shocks and
FS’s endowment shocks increases. The exposure to CC’s endowment shocks also increases
for AP. For CC, the exposure to her own endowment shock decreases, since she suffers
from the higher spot price after a positive shock.

The volatilities of consumption and wealth are again given in Table 6. The numbers
show that the two agents who participate in the financial market benefit from trading. For
F'S the volatility of consumption and of wealth is smallest in this market setup across all
versions of the model. For IP the volatilities decrease slightly compared to the benchmark
case. However, now the non-participating agents AP and CC no longer profit from the
presence of financial markets. In particular CC suffers from the larger spot price volatility,
and now faces a consumption volatility of 0.13 as compared to 0.1126 in the benchmark
case, i.e., a relative increase of more than 15%.

3.5 AP-FS Model

When only AP and FS are active on the financial market, we assume they trade the
commodity derivative, i.e., there is no bond.

Looking first at the impact of the change in setup on the spot price (see Figure 2)
relative to the base case, we see that the exposures of the spot price to capital shocks,
commodity shocks, and shocks to CC’s endowment all decrease in absolute terms. In turn,
there is now a positive exposure to shocks in FS’s endowment.

AP directly shares the risk of adverse changes in commodity scarcity with FS. This
implies that the impact of these shocks decreases, which in turns leads to a reduced
exposure of the spot price. This reduces the volatility of the spot price considerably from
0.2791 to 0.2367 relative to the benchmark case (see Table 5). In contrast, trading between
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FS and IP, who is only indirectly affected by commodity shocks, results in a much higher
volatility (see Section 3.4). When both IP and AP trade with FS in financial markets,
IP’s and AP’s impact offset each other, and the volatility is basically the same as with no
trading in financial markets (see Section 3.3).

Comparing the AP-FS to the IP-AP-FS model shows that the exposure of the spot
price to capital shocks increases when only two agents trade, while the exposures to all
other shocks decrease in absolute terms. In particular, the exposure to shocks in FS’s
endowment is now less than half compared to the IP-AP-FS model. The intuition is
that IP’s actions have the largest impact on the spot price, since she is responsible for
determining the supply of the non-commodity good via production. So when IP is allowed
to trade with FS to determine the conditions for the supply of the non-commodity good
via the bond market, shocks to FS’s endowment affect this supply significantly via the
bond trading channel, and hence they affect the amount of the non-commodity good that
IP would like to produce. In this way, FS’s endowment shocks add to the spot price
volatility to a larger extent when FS can additionally trade with IP and not just with
AP. This effect is absent when only the commodity derivative is traded, so that shocks to
FS’s endowment only play a minor role for the spot price.

The agents’ consumption exposures are the driving forces behind consumption growth
volatilities (see Figure 5 for these exposures). AP takes a short position in the commodity
derivative to hedge against a low spot price. Compared to the base case she reduces her
exposure to shocks to capital, to the commodity supply and to CC’s endowment in ab-
solute terms, but takes on a positive exposure to FS’s endowment shock. The reduction
in exposures is even slightly larger than in the IP-AP-FS model, so that the resulting
consumption volatility is also a little bit lower. FS’s consumption has a slightly lower
exposure to her own endowment shocks and takes the other side of AP’s position for the
other shocks, i.e., her exposure to both capital shocks and CC’s endowment shocks is
positive, while it is negative to commodity supply shocks.

The reduced exposure of the spot price to capital shocks implies that IP’s consump-
tion is now more exposed to capital shocks, but less so to commodity shocks and CC’s
endowment shocks. The exposure to F'S’s endowment shocks is negative, which altogether
results in slightly lower consumption and wealth volatilities.

For CC as a non-participating agent consumption is now less exposed to capital and
commodity shocks (due to the reduced reaction of the spot price to these sources of risk),
while her exposure to her own endowment shocks increases (caused by a less pronounced
adverse spot price reaction). The exposure to F'S’s endowment shocks is negative, and in
total CC benefits from a decrease in the volatility of the spot price with a reduction in
her consumption volatility from 0.1126 to 0.0997.

In terms of welfare implications the trading of the commodity derivative between
AP and FS reduces the volatility of consumption growth and wealth for all agents relative
to the base case. The main reasons are the opportunity to share risk with respect to the
commodity supply and the resulting lower volatility of the spot price. On the other hand,
when only IP and FS can trade in the financial market, the volatilities of wealth increase
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for the other two agents (see Tables 3 and 6).

3.6 Additional Analyses

This section provides a number of additional analyses to assess the robustness of our
results with respect to alternative specifications of the model and to shed further light on
the economic mechanisms behind its main implications.

Since, up to now, we had fixed the set of financial instruments available to the agents
in the different versions of the model, we now investigate the robustness of our findings
with respect to this feature. Table 9 presents the results for the cases in which IP and FS
trade the commodity derivative, and AP and FS trade the bond.

The main take-away from the table is that who is trading with whom matters
much more than what is being traded. When all agents except CC are active on financial
markets the results remain qualitatively unchanged compared to the findings presented
in Section 3.3. Most importantly, it is still true that all agents benefit from the existence
of financial markets. The reduction in consumption volatility is now considerably larger
for AP and CC, while it is smaller for the other two agents.

Similarly, when IP and F'S trade, spot price volatility is almost identical to the value
reported in Table 5 for the old asset menu. It increases from around 0.28 in the benchmark
case without financial markets to around 0.35 (0.36 for the old asset menu). When AP
and FS trade, the spot price volatility drops to around 0.23-0.24 (as before). The sign of
the reaction of spot price volatility thus does not depend on which assets are traded, but
it depends on who trades. The same basically holds true for the size of the reaction: the
impact of the kind of asset is much smaller than the impact of the groups of investors
participating in financial markets.

When it comes to the welfare implications, the type of assets available to the agents
can be more important, as already seen in the IP-AP-FS model. When only AP and FS
trade, AP’s consumption volatility is much lower when these two agents trade the bond
than when they trade the commodity derivative. CC is also slightly better off in this case,
while IP and FS are slightly better off when the commodity derivative is traded. In the
IP-FS model the trading agents are better off when the bond is available to them, while
AP and CC are better off when the commodity derivative is traded.

When IP and FS trade with each other, IP lacks the possibility to share risk with
AP. So when IP trades the bond with FS, she tailors the product to AP’s endowment
exposure, so that the agents trading in the financial market also profit from indirect risk
sharing with AP via the spot market.

AP really benefits from trading the bond with FS. In particular, the exposure of
AP’s effective consumption to commodity shocks and capital shocks is smaller in absolute
terms when she trades the bond than when she trades the commodity derivative. AP thus
prefers having a certain lower bound on her non-commodity consumption to being less
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exposed to (now less extreme) spot price changes. For the other agents, however, the type
of financial instrument which AP and FS actually trade is not so relevant.

Next, Table 10 presents the results for the special case of identical substitution
elasticities in consumption and production, i.e., for pap = p;p = v = 0.1. Now, in
contrast to the cases discussed so far, AP can profit from her own commodity shock.
There is generally more flexibility in the economy, which makes consumption and wealth
volatilities decrease. The spot price is also less responsive to endowment shocks. In the
case of identical elasticities an important friction in the commodity price dynamics is
absent in the sense that now quantity and price dynamics can offset each other exactly.
This is also the reason why we see a constant aggregate consumption growth volatility
across the different versions of the model.

Additionally, Table 11 reports results for a lower persistence of endowment shocks,
ie., for o = 0, = prs = oo = 0.85'/% instead of 0.95'/* in the original calibration.
Most importantly, our results are very robust with respect to a decline in the persistence
of endowment shocks. Qualitatively, nothing changes when comparing the different asset
menu availabilities in this new calibration, i.e. financial market trading between AP and
FS is overall welfare-improving, whereas trading between IP and FS is only beneficial
to the participating agents. Moreover, the volatilities of consumption and wealth do not
change dramatically. The only large difference is in the spot price volatility which drops
to around 0.145 in the benchmark case due to reducing the long-run impact of endowment
shocks on the spot price.

Furthermore, we study to what degree the exact specification of preferences matters
for our results. General EZ preferences contain time-separable CRRA utility as a special
case when the degree of relative risk aversion is equal to the inverse of the EIS. Table
12 reports the results for the case when agents have CRRA preferences, where we keep
the elasticity of intertemporal substitution unchanged at v; = 0.5 and set 7; = 2 for all
agents. The results basically do not change as compared to the benchmark calibration
(see Table 7). The agents mainly trade to smooth consumption over time, so that the
EIS matters much more than the RRA. This finding is also in line with the results of
our previous sensitivity analysis with respect to preference parameters in the IP-AP-FS
model, reported in Table 8.

Finally, we look at an extension of the IP-AP-FS model, in which these three agents
can now trade both the bond and the commodity derivative. This extends the asset menu
for IP and AP and allows them to trade with each other directly. The results are reported
in Table 13, where we use the same persistence of endowment shocks ¢; = 0.85'/4 as in
Table 11. The asset positions in the upper panel show that AP and IP do indeed make
use of the opportunity to trade with each other directly. The absolute positions of AP and
IP increase, while the absolute position of F'S decreases, since there is now less need for
FS to act as an intermediary between IP and AP. Risk sharing becomes easier, and the
volatility of the spot price drops from 14.89 to 12.01 percentage points. The impact on
the consumption and wealth volatilities is more diverse. IP profits from the larger asset
menu in that her consumption volatility drops by 0.5 percentage points. The same holds
true for the commodity consumer, who profits from the lower volatility of the spot price.
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For FS, the volatility of consumption increases slightly. The largest change, however, is
observed for AP, for whom the volatility increases from 3.60 to 6.48 percentage points and
is only slightly less than in the benchmark case with no financial markets at all. Again,
giving more trading possibilities to IP in particular is harmful for AP.

4 Summary and Conclusion

Motivated by the discussion of the potentially harmful implications of commodity trading
for financial (instead of fundamental) reasons we have analyzed an economy populated
by heterogeneous agents who differ in their access to financial markets. This access is
basically always beneficial for the agents participating in the market, i.e., it reduces the
volatility of their consumption stream. We assume throughout the analysis that the agent
who is only interested in consumption of the commodity does not have access to these
markets, since we expect this to be the case for large parts of the population in emerging
economies, which depend heavily on basic agricultural commodities.

As we show in the analysis of our model, it is very important for the welfare im-
plications of financial markets which investors trade in these markets and which do not
participate, and we analyze a number of special cases with respect to the group of par-
ticipating agents. For example, without going into the details of the mechanism again,
in the case where only the agricultural producer and the financial speculator trade, the
other two agents also benefit in the sense that their consumption volatilities decrease. If,
on the other hand, the industrial producer and the financial speculator interact on the
financial markets, the other two investors are worse off, i.e., their consumption volatilities
go up. Participation of the agricultural producer in financial markets is beneficial for all
investors who trade in the spot market, while the opposite is true when the industrial
producer has access to those markets. Generally, the distinction between agricultural and
industrial producers turns out to be important. Even if they have the same preferences,
it matters that one is endowed with capital and the other with commodities. Finally, the
presence of the financial speculator is beneficial for the investors she trades with. The
effect on the non-participating investors depends on whom she trades with.

We also investigate whether it matters which particular assets are available to the
agents. We find that it does, but only to a limited degree, in the sense that the size of the
various effects varies, but the signs are robust and remain the same across the different
specifications.

An important driver of our results are different elasticities of substitution between
capital and the commodity in the production process on the one hand and between the
commodity and the other good in some agents’ consumption bundle on the other hand.
Our choice of parameters with the substitution elasticity in the consumption bundle be-
ing less than that between capital and the commodity implies that when the commodity
is scarce relative to the non-commodity good the spot price goes up (see also Johnson
(2011)). This has the very interesting consequence that the agricultural producer’s con-
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sumption decreases in response to commodity shocks. Although she now has more of her
own endowment available, the negative price reaction in the spot market is so severe that
she can ultimately afford even less consumption. This effect is known as ‘immiserizing
growth’, when a larger endowment or growth rate leads to lower utility. The higher the
spread between the substitution elasticities, the more severe is this effect. In the case of
equal elasticities, where we obtain the intuitive result that the agricultural producer can
profit from her own commodity shock, financial markets have much less of an impact on
consumption volatilities.

Overall, our analysis provides new insights on the role of financial markets in a
setting where agents have different consumption bundles and where one group of agents
in particular does not have the chance to smooth consumption over time and states via
trading products like commodity derivatives, stocks, or bonds. In a sense our results show
that efforts to allow a larger share of the population to participate in financial markets
always have the potential to improve welfare, but that this is not automatically the case,
i.e., the details matter.

29



References

ACHARYA, V. V., L. A. LOCHSTOER, AND T. RAMADORATI (2013): “Limits to Arbitrage

and Hedging: Evidence from Commodity Markets,” Journal of Financial Economics,
109(2), 441-465.

ALDRICH, E. M., anp H. KUNG (2011): “Computational Methods for Production-Based
Asset Pricing Models with Recursive Utility,” Working Paper.

ARSENEAU, D. M., anDp S. LEDUC (2013): “Commodity Price Movements in a General
Equilibrium Model of Storage,” IMF Economic Review, 61, 199-224.

BAKER, S. D. (2015): “The Financialization of Storable Commodities,” Working Paper.
BAKER, S. D., anp B. R. ROUTLEDGE (2012): “The Price of Oil Risk,” Working Paper.

BAsAK, S., anD A. PAvLOvA (2015): “A Model of Financialization of Commodities,”
Journal of Finance, forthcoming.

BeLapi, H., anp N. Naqvi (1988): “Urban Unemployment and Non-Immiserizing
Growth,” Journal of Development Economics, 28, 365-376.

BHAGWATTI, J. (1958): “Immiserizing Growth: A Geometrical Note,” Review of Economic
Studies, 25(3), 201-205.

(1968): “Distortions and Immiserizing Growth: A Generalization,” Review of
Economic Studies, 35(4), 481-485.

BRECHER, R. A., anp C. F. Dfaz ALEJANDRO (1977): “Tariffs, Foreign Capital and
Immiserizing Growth,” Journal of International Economics, 7, 317-322.

Casassus, J., anp P. COLLIN-DUFRESNE (2005): “Stochastic Convenience Yield Im-
plied from Commodity Futures and Interest Rates,” Journal of Finance, 60(5), 2283~
2331.

Casassus, J., P. COLLIN-DUFRESNE, AND B. R. ROUTLEDGE (2009): “Equilibrium
Commodity Prices with Irreversible Investment and Non-Linear Technology,” Working
Paper.

CHENG, I.-H., A. KIRILENKO, AND W. XIONG (2015): “Convective Risk Flows in Com-
modity Futures Markets,” Review of Finance, 19(5), 1733-178]1.

CHENG, I.-H., axp W. XIONG (2014): “The Financialization of Commodity Markets,”
Annual Review of Financial Economics, 6, 419-441.

COCHRANE, J. H. (2006): “Financial Markets and the Real Economy,” Working Paper.

DEATON, A., AND G. LAROQUE (1992): “On the Behaviour of Commodity Prices,”
Review of Economic Studies, 59(1), 1-23.

30



EPSTEIN, L. G., anD S. E. ZIN (1989): “Substitution, Risk Aversion, and the Temporal
Behavior of Consumption Growth and Asset Returns I: A Theoretical Framework,”
Econometrica, 57(4), 937-969.

FartouH, B., L. KILIAN, aAxD L. MAHADEVA (2013): “The Role of Speculation in Oil
Markets: What Have We Learned So Far?,” Energy Journal, 34(3), 7-33.

FATTOUH, B., AND L. MAHADEVA (2014): “Causes and Implications of Shifts in Financial
Participation in Commodity Markets,” Journal of Futures Markets, 34(8), 757-787.

GILBERT, C. L. (2010): “How to Understand High Food Prices,” Journal of Agricultural
Economics, 61, 398-425.

GORTON, G., F. HAavAsHI, anD K. G. ROUWENHORST (2013): “The Fundamentals of
Commodity Futures Returns,” Review of Finance, 17(1), 35-105.

GORTON, G., anD K. G. ROUWENHORST (2006): “Facts and Fantasies about Commod-
ity Futures,” Financial Analysts Journal, 62(2), 47-68.

HENDERSON, B. J., N. D. PEARSON, anD L. WANG (2015): “New Evidence on the
Financialization of Commodity Markets,” Review of Financial Studies, 28(5), 1285—
1311.

HITZEMANN, S. (2015): “Macroeconomic Fluctuations, Oil Supply Shocks, and Equilib-
rium Oil Futures Prices,” Working Paper.

Hona, H., anp M. YoGo (2009): “Digging into Commodities,” Working Paper.
JounsoN, T. C. (2011): “Commodity Dependence and Aggregate Risk,” Working Paper.

Jupp, K. L., anp T. M. MERTENS (2013): “Equilibrium Existence and Approximation
for Incomplete Market Models with Substantial Heterogeneity,” Working Paper.

KALTENBRUNNER, G., AND L. A. LOCHSTOER (2010): “Long-Run Risk through Con-
sumption Smoothing,” Review of Financial Studies, 23(8), 3190-3224.

KEYNES, J. M. (1930): A Treatise on Money, vol. 2. London: Macmillan.

KHAN, M. A. (1982): “Tariffs, Foreign Capital and Immiserizing Growth with Urban Un-
employment and Specific Factors of Production,” Journal of Development Economics,
10, 245-256.

KiLiaN, L., axp D. P. MURPHY (2013): “The Role of Inventories and Speculative Trad-
ing in the Global Market for Crude Oil,” Journal of Applied Econometrics.

Kuna, H., anp L. ScHMID (2015): “Innovation, growth, and asset prices,” Journal of
Finance, 70(3), 1001-1037.

Liu, P., Z. Qiu, anp K. TANG (2011): “Financial-Demand Based Commodity Pricing:
A Theoretical Model for Financialization of Commodities,” Working Paper.

31



MASTERS, M. W. (2008): “Testimony before the Committee
on Homeland Security and Government Affairs, U.S. Senate,”

http://www.hsgac.senate.gov//imo/media/doc/052008 Masters.pdf (accessed Septem-
ber 5, 2012).

PAPANIKOLAOU, D. (2011): “Investment Shocks and Asset Prices,” Journal of Political
Economy, 119(4), 639-685.

PirRrRONG, C. (2008): “Stochastic Fundamental Volatility, Speculation, and Commodity
Storage,” Working Paper.

(2011): “Restricting speculation will not reduce oil prices,” The Wall Street Jour-
nal, http://online.wsj.com/article/SB121573804530744613.html (accessed September 5,
2012).

PrLANTE, M. D., anp M. K. YUCEL (2011a): “Did Speculation Drive Oil Prices? Futures
Market Points to Fundamentals,” Economic Letter, 6(10).

(2011b): “Did Speculation Drive Oil Prices? Market Fundamentals Suggest Oth-
erwise,” Economic Letter, 6(11).

READY, R. (2016): “Oil Consumption, Economic Growth and Oil Futures,” Working
Paper.

SANDERS, D. R., anp S. H. IrwiN (2011): “New Evidence on the Impact of Index
Funds in U.S. Grain Futures Markets,” Canadian Journal of Agricultural Economics,

99, 519-532.

SANDERS, D. R., S. H. IRWIN, anD R. P. MERRIN (2010): “The Adequacy of Specula-
tion in Agricultural Futures Markets: Too Much of a Good Thing?,” Applied Economic
Perspectives and Policy, 32(1), 77-94.

SCHUMANN, H. (2011): “The Hunger-Makers — How Deutsche Bank, Goldman Sachs
and Other Financial Institutions Are Speculating With Food at the Expense of the
Poorest,” Foodwatch report 2011, Foodwatch.

SEALE JR., J., A. REGMI, AND J. BERNSTEIN (2003): “International Evidence on Food

Consumption Patterns,” United States Department of Agriculture, Technical Bulletin
Number 1904.

SILVENNOINEN, A., AND S. THORP (2013): “Financialization, crisis and commodity corre-
lation dynamics,” Journal of International Financial Markets, Institutions and Money,

24(C), 42-65.

SINGLETON, K. J. (2013): “Investor Flows and the 2008 Boom/Bust in Oil Prices,”
Management Science, 60(2), 300-318.

StoLL, H. R., anp R. E. WHALEY (2010): “Commodity Index Investing and Commodity
Futures Prices,” Journal of Applied Finance, 20, 7-46.

32



TAaNG, K., axD W. XIONG (2012): “Index Investment and the Financialization of Com-
modities,” Financial Analysts Journal, 68(6), 54-74.

VISSING-J@RGENSEN, A. (2002): “Limited Asset Market Participation and the Elasticity
of Intertemporal Substitution,” Journal of Political Economy, 110(4), 825-853.

WEI, C. (2003): “Energy, the stock market, and the putty-clay investment model,” Amer-
ican Economic Review, 93, 311-323.

33



Table 1: Parameters

(a) Panel A: Common parameters across models

Preferences
Brp Bap Brs Bece VIP YAP VFS Yoo  WYip  Yap  Yrs Yoo
0.996 0.996 0.996 0.996 10 10 10 10 0.50 0.50 0.50 0.50

Weights and elasticities

pIp PAP orp Pap v n
-16.5 -16.5 0.90 0.90 0.10 0.95

Endowment growth rates and long-run means

e i HFS lele; k q Zrs Zcc
0.010/4 0.019/4 0.019/4 0.019/4 0 0.14 0 2.9

Endowment shock volatilities and persistences

Ok Ogq OFS occ Pk Pq PFS (Jele;
0.020  0.020  0.020  0.020 0.95Y% 0.95/4 0.951/4 (.951/4

Endowment shock correlations

corr(ex, €q) corr(eg, epg) corr(eg, ecc) corr(eq,erps)  corr(eq,ecc) corr(eps,ecc)
0.58 0 0 0 0 0.25

(b) Panel B: Parameters differing across models

Benchmark IP-AP-FS IP-FS AP-FS
12 00 0.0001 0.0001 00
Vo o0 0.0001 o9 0.0001

This table reports the quarterly benchmark calibration for our model used to compute the
moments in the other tables. Four model specifications are considered: the benchmark model
without financial markets; the model where the bond is traded between IP and FS and the
commodity derivative is traded between AP and FS (denoted by IP-AP-FS); the model where
just the bond is traded between IP and FS (denoted by IP-FS); and the model where just the
commodity derivative is traded between AP and FS (denoted by AP-FS). Panel A reports the
parameters common to all models, while Panel B shows the parameters differing across the
model specifications.
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Table 2: Futures returns, spot prices, and commodity sales (data)

(a) Panel A: Futures returns and spot prices

Errt] E[S¢]
Crude Oil 9.11 59.30
Wheat 6.71 278.82
Soybeans 6.02 237.96
Oats 7.96 2.82
Rough Rice 6.00 278.82
Corn 6.52 116.20
‘Mean 705 —
Orp Js, os, /E[S¢]
Crude Oil 28.71 87.03 1.47
Wheat 25.95 119.94 0.73
Soybeans 25.20  139.66 0.59
Oats 25.59 0.39 0.14
Rough Rice  31.19  198.82 0.71
Corn 28.89 70.31 0.61
‘Mean 2759  — 0.70

(b) Panel B: Commodity sales growth rates in U.S. data

E[AHt] O AL

Farming 0.05 0.09
Oil and gas extraction 0.07 0.20
Total sales 0.06 0.11

This table reports the means and volatilities for log futures returns and for spot prices of vari-
ous commodities using quarterly data between 1Q/1991 and 2Q /2008 in Panel A. Moreover, the
ratio of the spot price volatility to the mean of the spot price is calculated for each commodity.
Panel B reports statistics on the annual total commodity sales growth rate AlIl; of the farming
industry, the oil and gas extraction industry, and the growth rate of the sum of these two in-
dustries’ sales, respectively, in U.S. data for the period 1963-2014. The log return of a futures
contract with settlement price P; between time ¢t —1 and t is defined as rr; = log(P;) —log(P;—1).
The spot price is denoted by S;. The futures and spot price data have been downloaded from
http://www.quandl.com/futures. The data for commodity sales of commodity producers are
from the industry input-output account data (make tables) from the Bureau of Economic Analy-
sis (BEA) and available at http://www.bea.gov/industry/io_annual.htm. Moments reported
are measured in percentage points for futures returns, but in dollars for spot prices. The returns
are annualized by multiplying quarterly means by 4 and quarterly standard deviations by 2. The
spot price volatility is multiplied by 2.
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Table 3: Growth rates

Benchmark IP-AP-FS IP-FS AP-FS

First Moments

E[Alog Cagy,] 1.90 1.90 1.90 1.90
Second Moments

O Alog Caggr 3.43 3.36 3.70 3.22
T Alog Gy p 4.68 3.77 4.64 4.50
T AlogCap 6.76 4.89 7.15 4.81
O Alog Ops 3.99 3.23 3.14 3.79

awsboe L2 102 100 997

OAlog Cyp 4.51 3.67 4.47 4.42
OAlog Cup 6.84 5.02 7.36 4.93
OAlogQrp 4.88 4.06 5.04 4.71
OAlogQap 6.27 4.53 6.66 4.47
OAlog Qp 12.63 13.34 15.78 11.36
UAIOg(S(QfQAp)) 6.92 6.77 7.36 6.21
OAlogY 3.87 3.97 4.00 3.90

This table reports the mean of the annual aggregate log consumption growth rate
E[Alog C‘Aggr,t], where aggregate consumption in non-commodity good units is defined by
Caggri = PreiCrps + PapiCaps + Crsy + SiCocy. Piyx = % (%)pg 1 is the price of the
consumption bundle C'j in non-commodity good units for j = {IP, AP}. Moreover, the an-
nual volatilities of various growth rates are reported: the volatility of aggregate log consump-
tion growth o, log Caggr? the volatility of agent i’s log effective consumption growth o Alog &
for i € {IP,AP,F'S,CC}, the volatility of industrial producer’s log non-commodity consump-
tion growth oalogc;p, the volatility of agricultural producer’s log non-commodity consumption
growth oalogc,p, the volatility of industrial producer’s log commodity consumption growth
OAlog Qrp» the volatility of agricultural producer’s log commodity consumption growth oA 16g Q4 p»
the volatility of log commodity input to production growth oaogqp, the volatility of the value
of AP’s total commodity sales in non-commodity good units o jog(5(0-Q 4 »))» and the volatility
of log production output growth oajogy. The moments for four model specifications are con-
sidered: the benchmark model without financial markets; the model where the bond is traded
between IP and FS and the commodity derivative is traded between AP and FS (denoted by
IP-AP-FS); the model where just the bond is traded between IP and F'S (denoted by IP-FS); and
the model where just the commodity derivative is traded between AP and FS (denoted by AP-
FS). Parameters are reported in Table 1. All models are calibrated at quarterly frequency. The
growth rates are time-aggregated to an annual frequency for computing the annual moments.
All numbers reported are measured in percentage points.
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Table 4: Consumption shares and commodity expenditure ratios

Benchmark IP-AP-FS IP-FS AP-FS

First Moments

E[PpCip/Cagg] 37.12% 37.19% 37.27% 37.23%
E[PapCap/Caggr] 17.65% 17.45% 17.88% 17.29%
E[Crs/Caggr] 42.87% 43.00% 42.50%  43.15%
E[S;Coc/Caggr] 2.36% 2.36% 2.35% 2.36%
E[Qrp/Q] 52.75% 52.89% 52.84%  52.98%
E[Qap/Q)] 25.09% 24.82% 25.36%  24.60%
ElQcc/Q)] 13.36% 13.44% 13.16% 13.53%
E[Qp/Q] 8.83% 8.85% 8.64% 8.90%
E[X ager] 16.10% 16.01% 16.34% 15.91%

This table reports the means of effective consumption shares in non—commodity good units
pi—1
for all four agents PltC'”/C'AggM with i € {IP,AP,FS,CC} and where Pj; = ¢ (C”> ’
J

is the price of the consumption bundle C’j in non-commodity good units for j = {IP, AP},
Prs; = 1 as financial speculator’s consumption is already given in non-commodity good
units and Poc; = S; is the price of a unit of the commodity in non-commodity good units
(1 e. the spot prlce St). Aggregate consumptlon in non-commodity good units is defined as
CAggrt = P[pthpt + PAPtCAPt + C'th + StCC(;t Furthermore, this table reports the means
of commodity consumption shares for the producers and commodity consumer Qj;/Q+ where
Q¢ is the economy’s commodity endowment at time ¢ and k € {IP, AP,CC}, the mean of
the commodity share used for production by the industrial producer @Qp;/Q:, and the means
of the fractions of commodity expenditure to total expenditure for the aggregate economy
Xaggrt o +CAP%J(F%; Pg*::%j(’a;?igipt verEEnE .The moments for four model specifications are
considered: the benchmark model without financial markets; the model where the bond is traded
between IP and FS and the commodity derivative is traded between AP and FS (denoted by
IP-AP-FS); the model where just the bond is traded between IP and FS (denoted by IP-FS);
and the model where just the commodity derivative is traded between AP and FS (denoted by
AP-FS). Parameters are reported in Table 1. All models are calibrated at quarterly frequency,
and all the moments shown in the table are quarterly as well.
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Table 5: Asset pricing

Benchmark IP-AP-FS IP-F'S AP-FS

First Moments

E[F] — 0.352 — 0.350
E[S] 0.358 0.356 0.364 0.354
Elry] — 4.53 4.49 —
Elrg] — 4.65 — 4.48
E[rs] — 0.00 — 0.01
Second Moments

or — 27.29 — 23.26
os 27.91 27.92 35.67 23.67
os/E[S] 77.96 78.43 97.99 66.86
O, — 0.76 0.77 —
Org — 11.33 — 10.05
O pex — 11.19 — 9.95

This table contains the annual first and second asset pricing moments from our model. The
commodity derivative price is denoted by F; and the spot price by S;. The risk-free rate of the
bond from time ¢ to time ¢ + 1 is denoted by 7, the log return on the commodity derivative
is defined by rg; = log(S/Fi—1), the log “rolling-over” commodity derivative excess return is
given by r§?, = log (Fi/Fi—1). The moments for four model specifications are considered: the
benchmark model without financial markets; the model where the bond is traded between IP
and FS and the commodity derivative is traded between AP and FS (denoted by IP-AP-FS);
the model with just the bond between IP and FS being traded (denoted by IP-FS); and the
model with just the commodity derivative between AP and FS being traded (denoted by AP-
FS). Parameters are reported in Table 1. All models are calibrated at quarterly frequency. The
means of the prices F; and S; are quarterly, the volatilities of these prices are annualized by
multiplying quarterly values by 2. The returns are time-aggregated to an annual frequency for
computing the annual moments. All numbers reported are measured in percentage points.
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Table 6: Agents’ welfare

Benchmark IP-AP-FS IP-FS AP-FS

First Moments

E[W;p) 78.13 78.10 78.49 78.15
E[Wap] 38.16 37.74 38.49 37.38
E[Wps] 118.91 118.87 118.26 119.19
EWcc] 23.82 23.80 23.93 23.73
E[Cyp) 0.642 0.643 0.643 0.644
E[Cap] 0.305 0.302 0.309 0.299
E[Crs] 1.000 1.002 0.994 1.004
E[Ccc] 0.154 0.155 0.151 0.156
Second Moments

O Alog Wip 7.48 5.68 7.37 7.15
TN log Wap 11.02 7.42 12.12 7.30
OAlog Wrs 6.36 4.92 4.78 5.99
O Alog Wee 17.51 16.94 20.99 14.69
Ao 4.68 3.77 4.64 4.50
A og Corr 6.76 4.89 7.15 4.81
T A log Crps 3.99 3.23 3.14 3.79
O A log G 11.26 11.02 13.00 9.97

This table reports the means of the quarterly agents’ wealth levels W;; and of the quarterly
agents’ consumption levels C’Lt, and the annual volatilities of agents’ log wealth growth rates
AlogW;; and of agents’ log consumption growth rates Alog C”i,t for i« € {IP,AP,FS,CC}.
Wealth of agent i € {IP,AP,FS,CC} is defined as the claim on the consumption bundle of
agent 7, i.e. on C~'Zt This implies that wealth in bundle units, W, satisfies the Euler equation

Wir = Cit + Et[Mt(,i)jralggTWi,tH], where Mt(,i)jralgm is the pricing kernel denoted in units of the
consumption bundle CN'i,n defined in Equation (A7) in Appendix A.6.1 for IP, in Equation (AS8)
in Appendix A.6.2 for AP, and in Equation (A9) in Appendix A.6.3 for FS, respectively. The
moments for four model specifications are considered: the benchmark model without financial
markets; the model where the bond is traded between IP and FS and the commodity derivative
is traded between AP and FS (denoted by IP-AP-FS); the model where just the bond is traded
between IP and FS (denoted by IP-FS); and the model where just the commodity derivative
is traded between AP and FS (denoted by AP-FS). Parameters are reported in Table 1. All
models are calibrated at quarterly frequency. The growth rates are time-aggregated to an annual
frequency for computing the annual moments. The means reported are measured in decimals
and the volatilities in percentage points.
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Table 7: Portfolio holdings, commodity spot price and welfare

Benchmark IP-AP-FS IP-F'S AP-FS

Average Asset Positions

E[Byp] 0.00 0.07 0.98 0.00
E[Brs] 0.00 -0.07 -0.98 0.00
E[nap| 0.00 -1.11 0.00 -1.83
Enps] 0.00 1.11 0.00 1.83
Volatilities

og 27.91 27.92 35.67 23.67
OAlog Wip 7.48 5.68 7.37 7.15
TAlog Wap 11.02 7.42 12.12 7.30
OAlog Wrs 6.36 4.92 4.78 5.99
OAlog Wee 17.51 16.94 20.99 14.69
O A log Cagar 3.43 3.36 3.70 3.22
O Alog Crp 4.68 3.77 4.64 4.50
O A log Cuap 6.76 4.89 7.15 4.81
O A log Cpg 3.99 3.23 3.14 3.79
O A log Coc 11.26 11.02 13.00 9.97

The upper panel of this table reports the agents’ average asset positions, i.e., the average bond
holdings by IP and FS (denoted by Brp and Bpg, respectively) and the average positions
in the commodity derivative held by AP and FS (denoted by nap; and npg;, respectively).
Additionally, the lower panel repeats some volatilities taken from Tables 3, 5 and 6 to facilitate
comparison of the results with our robustness checks for which the results are reported in Tables
8-13.

The moments for four model specifications are considered: the benchmark model without fi-
nancial markets; the model where the bond is traded between IP and FS and the commodity
derivative is traded between AP and FS (denoted by IP-AP-FS); the model where just the bond
is traded between IP and FS (denoted by IP-FS); and the model where just the commodity
derivative is traded between AP and FS (denoted by AP-FS). Parameters are reported in Table
1. All models are calibrated at quarterly frequency. The growth rates are time-aggregated to an
annual frequency for computing the annual moments. The means are reported in decimals, and
the volatilities in percentage points.
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Table 8: Sensitivity analysis: preference parameters

IP-AP-FS
v =10 v =10 v =15
1 = 0.50 Y =0.75 1 =0.50

Average Asset Positions

E[Byp] 0.07 -0.27 -0.13
E[Brs] -0.07 0.27 0.13
E[nap) -1.11 -1.41 -1.04
Elnps] 1.11 1.41 1.04
Volatilities

g 27.92 26.01 27.21
O A log Wrp 5.68 4.66 5.68
OAlogWap 7.42 5.91 7.67
O Alog Wps 4.92 3.96 4.91
T A log Wec 16.94 12.95 16.66
T A tog Gy 3.36 3.31 3.37
A log Crp 3.77 3.84 3.78
O Alog Cap 4.89 4.90 4.94
O Alog G 3.23 3.26 3.22
O A log Coc 11.02 10.68 11.04

The table reports the results of a sensitivity analysis with respect to the preference paramters
for the model where the bond is traded between IP and FS and the commodity derivative is
traded between AP and FS (denoted by IP-AP-FS). The column headlines show the respective
combination of risk aversion v and elasticity of intertemporal substitution ¢, where the combi-
nation of v = 10 and ¥ = 0.5 represents the original choice of preference parameters. All other
parameters are the same as reported in Table 1. The model is calibrated at quarterly frequency.
The upper panel shows the agents’ average asset positions, i.e., the average bond holdings by
IP and FS (denoted by Brp and Bpg, respectively) and the average positions in the commodity
derivative held by AP and F'S (denoted by nap: and ngg+, respectively). The lower panel reports
the annualized volatility of the spot price Sy, as well as the annual volatilities of agents’ log
wealth growth rates Alog W, , of aggregate log consumption growth Alog C’aggr,t, and of agents’
log consumption growth rates Alog C~’i,t for i € {IP, AP, FS,CC}. Aggregate consumption is
defined as Caggrs = PrpiCrps + PapiCapi + Crsy + SiCocy. Pjy = (71] (% )p; 1 - the
price of the consumption bundle é’j in non-commodity good units for j = {IP, AP}. The
wealth of agent i € {IP, AP, FS,CC} is defined as the claim on the consumption bundle of
agent ¢, i.e. on C’M This implies that wealth in bundle units, W, satisfies the Euler equation
Wi = C’i,t + Et[Mt(?jralggTWi,tH], where Mt(?_flggr is the pricing kernel denoted in units of the
consumption bundle C~'i7t, defined in Equation (A7) in Appendix A.6.1 for IP, in Equation (AS8)
in Appendix A.6.2 for AP, and in Equation (A9) in Appendix A.6.3 for FS, respectively. The
growth rates are time-aggregated to an annual frequency for computing the annual moments.
The means reported are measured in decimals and the volatilities in percentage points.
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Table 9: Robustness check: alternative asset menu

Benchmark IP-AP-F'S 2 IP-FS 2 AP-FS 2

Average Asset Positions

E[Bap] 0.00 2.01 0.00 2.31
E[Brs] 0.00 -2.01 0.00 -2.31
Elngp] 0.00 3.30 3.43 0.00
Elnps] 0.00 -3.30 -3.43 0.00
Volatilities

o5 27.91 27.64 34.82 23.40
O Alog Wrp 7.48 6.43 7.65 7.87
O Alog Wap 11.02 5.04 10.45 5.04
TAlog Ws 6.36 5.75 5.57 6.48
OAlog Wee 17.51 15.47 18.37 15.49
T A log oy 3.43 3.27 3.59 3.14
O A logCirp 4.68 4.15 4.76 4.61
O AlogCap 6.76 3.50 6.53 3.22
O Alog Cg 3.99 3.72 3.59 3.96
O Alog Cors 11.26 10.20 11.98 9.35

This table reports results when the asset menu available to the agents is varied so that now the
commodity derivative can be traded between IP and FS, and a bond can be traded between
AP and FS. Four model specifications are considered: the benchmark model without financial
markets; the model where the commodity derivative between IP and FS and the bond is traded
between AP and FS (denoted by IP-AP-FS 2); the model where just the commodity derivative
is traded between IP and FS (denoted by IP-FS 2); and the model where just the bond is traded
between AP and FS (denoted by AP-FS 2). The model parameters are shown in Table 1, where
just the trading cost parameters v; and v need to be flipped for the IP-FS and the AP-FS
model. All models are calibrated at quarterly frequency.

The upper panel shows the agents’ average asset positions, i.e., the average bond holdings by AP
and FS (denoted by Bap and Bpg, respectively) and the average positions in the commodity
derivative held by IP and FS (denoted by nyp; and npg¢, respectively). The lower panel reports
the annualized volatilities of the spot price S;, as well as the annual volatilities of agents’ log
wealth growth rates Alog W;, aggregate log consumption growth Alog C’agg,«,t, and of agents’
log consumption growth rates Alog C’z‘,t with ¢ € {IP, AP, F'S,CC}. Aggregate consumption is

- i—1

defined as C’Aggm = P]P,tC'IP,t + PAP’téAP,t + C’ps,t + StéCC,t- Py = % (%)p] is the price
of the consumption bundle C’j in non-commodity good units for j = {IP, AP}. The wealth of
agent i € {IP, AP, F'S,CC} is defined as the value of the claim on agent i’s consumption bundle
C’i,t. This implies that wealth in bundle units, W;;, satisfies the Euler equation W;; = C’i,t +
E; [Mt(;)J’r‘llggTW/LtJrl], where Mt(;)flggr is the pricing kernel denoted in units of the consumption
bundle éi,t7 defined in Equation (A7) in Appendix A.6.1 for IP, in Equation (A8) in Appendix
A.6.2 for AP, and in Equation (A9) in Appendix A.6.3 for FS, respectively. The growth rates
are time-aggregated to an annual frequency for computing the annual moments. The means
reported are measured in decimals and the volatilities in percentage points.
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Table 10: Robustness check: elasticity in consumption equal to elasticity in production

Benchmark IP-AP-FS IP-FS AP-FS
prp = pap = 0.1 prp=pap =01 prp=pap=0.1 prp=pap=0.1

Average Asset Positions

E[Byp] 0.00 -0.11 -0.16 0.00
E[Brs] 0.00 0.11 0.16 0.00
E[nap| 0.00 -0.22 0.00 -0.67
E[npg] 0.00 0.22 0.00 0.67
Volatilities
o5 28.58 29.15 29.14 28.57
OAlog Wip 6.19 4.84 4.86 6.31
OAlog Wap 4.66 4.10 4.15 4.03
TAlog Wi 6.36 4.88 4.93 6.07
T Alog Wee 6.61 6.53 6.51 6.61
O Alog Coagar 2.71 2.71 2.71 2.71
O A log Gy p 3.95 3.19 3.19 3.95
OAlog Cup 2.92 2.62 2.65 2.57
Alog Crg 3.99 3.21 3.23 3.84
O A log G 4.14 4.08 4.08 4.14

This table reports results for all cases of asset availability with p;p = pap = v, i.e. identical
substitution elasticity in consumption as in production. All other parameters are the same as
reported in Table 1. All models are calibrated at quarterly frequency.

The upper panel shows the agents’ average asset positions, i.e., the average bond holdings by
IP and F'S (denoted by Brp and Brg, respectively) and the average positions in the commodity
derivative held by AP and FS (denoted by nap; and ngg¢, respectively). The lower panel reports
the annualized volatility of the spot price Sy, as well as the annual volatilities of agents’ log
wealth growth rates Alog W; , of aggregate log consumption growth Alog C’aggm, and of agents’
log consumption growth rates A log C’i,t for i € {IP, AP, FS,CC}. Aggregate consumption is
defined as éAggr,t = P[pyté[pﬂg + PAP’tCﬂAP,t + éFS,t + Stécqt. Py = qb% (%)p] ' is the
price of the consumption bundle C’j in non-commodity good units for j = {IP, AP}. The
wealth of agent i € {IP, AP, F'S,CC} is defined as the claim on the consumption bundle of
agent 7, i.e. on C’Zt This implies that wealth in bundle units, W, satisfies the Euler equation
Wi = C’i,t + Et[Mt(ft)jralggTWi,tH], where Mt(ft)jﬁgm is the pricing kernel denoted in units of the
consumption bundle C‘i’t, defined in Equation (A7) in Appendix A.6.1 for IP, in Equation (A8)
in Appendix A.6.2 for AP, and in Equation (A9) in Appendix A.6.3 for FS, respectively. The
moments for the usual four model specifications, which differ in the asset menu available to
the agents, are considered (see for example Table 7). The growth rates are time-aggregated to
an annual frequency for computing the annual moments. The means reported are measured in
decimals and the volatilities in percentage points. The means reported are measured in decimals
and the volatilities in percentage points.
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Table 11: Robustness check: lower persistence of endowment shocks

Benchmark  IP-AP-FS IP-FS AP-FS
;= 0.85"*  p; =0.857% @, =0.85"* ; =0.85'/4

Average Asset Positions

E|[Bip] 0.00 -0.21 0.69 0.00
E[Bpg] 0.00 0.21 -0.69 0.00
E[nap) 0.00 -0.79 0.00 -1.27
Elnps] 0.00 0.79 0.00 1.26
Volatilities
os 14.43 14.89 19.73 11.99
OAlog Wi p 8.02 5.49 7.38 7.89
OAlog Wap 11.99 6.14 14.37 6.28
OAlog Wrs 7.16 5.21 5.07 6.60
O Alog Wee 19.81 19.35 25.11 15.91
O Alog Caggr 3.25 3.22 3.60 3.04
Alog Crp 4.40 3.12 4.08 4.32
T Alog Cap 6.60 3.60 7.67 3.62
O AlogCps 3.94 2.92 2.83 3.64
Alog Co 10.97 10.65 13.52 8.96
This table reports results for all cases of asset availability with ¢; = 0.85Y% for i €

{k,q, F'S,CC%}, i.e. smaller persistence for all endowment shocks. All other parameters are the
same as reported in Table 1. All models are calibrated at quarterly frequency.

The upper panel shows the agents’ average asset positions, i.e., the average bond holdings by
IP and FS (denoted by Brp and Bpg, respectively) and the average positions in the commodity
derivative held by AP and FS (denoted by nap; and nrg, respectively). The lower panel reports
the annualized volatility of the spot price Sy, as well as the annual volatilities of agents’ log
wealth growth rates Alog W ;, of aggregate log consumption growth A log C’aggm, and of agents’
log consumption growth rates A log C’i,t for i € {IP, AP, FS,CC}. Aggregate consumption is

defined as éAggr,t = P[p,téjgt + PAP’tC'Ap,t + éFS,t + Stécqt. Py = d%] (%)p] ' is the
price of the consumption bundle C’j in non-commodity good units for j = {IP, AP}. The
wealth of agent i € {IP, AP, F'S,CC} is defined as the claim on the consumption bundle of
agent ¢, i.e. on CN’” This implies that wealth in bundle units, W; ;, satisfies the Euler equation
Wi = C’i,t + Et[Mt(,?jralggTWi,tH], where Mt(,?jralgw is the pricing kernel denoted in units of the
consumption bundle C;;, defined in Equation (A7) in Appendix A.6.1 for IP, in Equation (AS)
in Appendix A.6.2 for AP, and in Equation (A9) in Appendix A.6.3 for FS, respectively. The
moments for the usual four model specifications, which differ in the asset menu available to
the agents, are considered (see for example Table 7). The growth rates are time-aggregated to
an annual frequency for computing the annual moments. The means reported are measured in

decimals and the volatilities in percentage points.
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Table 12: Robustness check: CRRA preferences

Benchmark IP-AP-FS IP-F'S AP-FS

Vi =2 Vi = Vi = Yi =

Average Asset Positions

E[Brp] 0.00 0.53 0.76 0.00
E[Brps] 0.00 -0.53 -0.76 0.00
E[nap) 0.00 -1.21 0.00 -1.18
Engg] 0.00 1.21 0.00 1.18
Volatilities

Og 27.91 27.14 35.89 25.18
OAlog W p 7.48 5.68 7.31 7.20
OAlog Wap 11.02 7.03 12.28 6.90
OAlog Wrg 6.36 4.95 4.77 6.01
OAlog Wee 17.51 17.42 21.66 15.25
O A log Cagyr 3.43 3.37 3.71 3.22
T Alog Crp 4.68 3.77 4.59 4.52
T Alog Cup 6.76 4.81 7.32 4.75
T Alog Ops 3.99 3.26 3.14 3.81
O A log Coc 11.26 11.02 13.17 9.99

This table reports results for agents having CRRA preferences and all cases of asset availability
by assuming «; = 2. All other parameters are the same as reported in Table 1. Hence, v; = 1/1);,
implying that Epstein and Zin preferences reduce to CRRA preferences. All models are calibrated
at quarterly frequency.

The upper panel shows the agents’ average asset positions, i.e., the average bond holdings by
IP and FS (denoted by Brp and Bpg, respectively) and the average positions in the commodity
derivative held by AP and F'S (denoted by nap; and npg¢, respectively). The lower panel reports
the annualized volatility of the spot price Sy, as well as the annual volatilities of agents’ log
wealth growth rates Alog W; , of aggregate log consumption growth Alog C’agg,«,t, and of agents’
log consumption growth rates A log C’i,t for i € {IP, AP, FS,CC}. Aggregate consumption is

A = = ~ % 0\t
defined as Caggrt = PrpiCrpt + PapiCapt + Crsy + SiCocy. Pjy = qb% (£> is the

Cjt

price of the consumption bundle C’j in non-commodity good units for j = {IP, AP}. The
wealth of agent i € {IP, AP, F'S,CC} is defined as the claim on the consumption bundle of
agent ¢, i.e. on C’H This implies that wealth in bundle units, W, satisfies the Euler equation
Wi = éi,t + Et[Mt(’?ﬁggTWi’tH], where Mt(,?jralggr is the pricing kernel denoted in units of the
consumption bundle C‘i’t, defined in Equation (A7) in Appendix A.6.1 for IP, in Equation (A8)
in Appendix A.6.2 for AP, and in Equation (A9) in Appendix A.6.3 for FS, respectively. The
moments for the usual four model specifications, which differ in the asset menu available to
the agents, are considered (see for example Table 7). The growth rates are time-aggregated to
an annual frequency for computing the annual moments. The means reported are measured in
decimals and the volatilities in percentage points. The means reported are measured in decimals
and the volatilities in percentage points.
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Table 13: Robustness check: full agent trade model

[P-AP-FS-Three-Agent-Trade

©; = 0.85/4
Average Asset Positions
E[B;p] -1.92
E[Bap] 2.04
E[Brs] -0.12
E[n[p] 2.81
E[nap] -2.30
E[nps] -0.51
Volatilities
g 12.01
OAlogWip 4.79
OAlogWap 8.94
OA logWgrs 538
TAlgWoo 1838
,(ZA,IEg?éggT ,,,,,,, ?,1? .
O AlogCrp 2.65
Alog Crg 3.01

The table reports the results of the full participation model by assuming that the two assets in
the economy are both traded between three agents, namely 1P, AP and F'S. The results are
produced using the lower persistence in endowment shocks as has also been used in Table 11.
Specifically, ¢; = 0.85'/%. All other parameters are the same as reported in Table 1.

The upper panel shows the agents’ average asset positions, i.e., the average bond holdings by
IP, AP and FS (denoted by Brp, Bap and Bpg, respectively) and the average positions in the
commodity derivative held by IP, AP and FS (denoted by nrp;, nap; and npg;, respectively).
The lower panel reports the annualized volatility of the spot price S, as well as the annual
volatilities of agents’ log wealth growth rates Alog W, ;, of aggregate log consumption growth
Alog Caggrt, and of agents’ log consumptlon growth rates Alog C; ¢ forie {IP, AP, FS,CC}.
Aggregate consumption is defined as CAgth = P]ptC]Pt + PAPtCAPt + Cpgt + StCCCt i =

1
%5
{IP, AP}. The wealth of agent ¢ € {IP, AP, F'S,CC'} is defined as the claim to the consumption

bundle of agent ¢, i.e. to CN'” This implies that wealth in bundle units, W;;, satisfies the Euler

pi—1
(CJ t> " is the price of the consumption bundle Cj in non-commodity good units for j =

equation W;; = é’i,t + ]Et[Mfzt)+alggTW/i7t+1], where Mt(t)flggr is the pricing kernel denoted in units
of the consumption bundle Cm, defined in Equation (A7) in Appendix A.6.1 for IP, in Equation
(A8) in Appendix A.6.2 for AP, and in Equation (A9) in Appendix A.6.3 for F'S, respectively. The
growth rates are time-aggregated to an annual frequency for computing the annual moments.
The means are reported in decimals, and the volatilities in percentage points.
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Figure 1: Visual representation of the model

(a) Panel A: Endowments, production, and utility
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(b) Panel B: Commodity spot market and financial markets
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This figure depicts two flow charts of the economy to visualize the agents and their interactions
on the commodity and the financial markets. The arrows in the figures visualize the flows of
goods, abstracting away from the transaction costs on the financial markets in the lower panel.
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Figure 2: Impulse response functions: commodity spot price and asset prices
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This figure depicts the impulse response functions in log deviations from the steady state in
percentage points for the spot price S¢, the commodity derivative price F}, the gross risk-free
interest rate Ry, and the return on the commodity derivative Rg ¢ = S¢/F;—1 for our four model
specifications. The graphs in Panel A depict the impulse response function with respect to a
one standard deviation shock in the industrial producer’s capital endowment k;. The graphs in
Panel B depict the impulse response function with respect to a one standard deviation shock in
the agricultural producer’s commodity endowment ¢;. The graphs in Panel C depict the impulse
response function with respect to a one standard deviation shock in the financial speculator’s
wage endowment zpg ;. The graphs in Panel D depict the impulse response function with respect
to a one standard deviation shock in the commodity consumer’s wage endowment zcc .
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Figure 3: Impulse response functions: consumption (IP and AP)
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This figure depicts the impulse response functions in log deviations from the steady state in
percentage points for the industrial and agricultural producer’s non-commodity consumption
levels C;; and commodity consumption levels Q;;, where i € {IP, AP}, for our four model
specifications. The graphs in Panel A depict the impulse response function with respect to a
one standard deviation shock in the industrial producer’s capital endowment k;. The graphs in
Panel B depict the impulse response function with respect to a one standard deviation shock in
the agricultural producer’s commodity endowment g;. The graphs in Panel C depict the impulse
response function with respect to a one standard deviation shock in the financial speculator’s
wage endowment zpg ;. The graphs in Panel D depict the impulse response function with respect
to a one standard deviation shock in the commodity consumer’s wage endowment zcc ;.
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Figure 4: Impulse response functions: commodity trade
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This figure depicts the impulse response functions in log deviations from the steady state in per-
centage points for the amount of commodity used in production @ p;, the value of commodities
bought for production S;Qp; by the industrial producer, the value of commodities bought for
consumption by the industrial producer S;Qrp;, and the amount of commodity bought by the
commodity consumer for consumption Qcc,; for our four model specifications. The graphs in
Panel A depict the impulse response function with respect to a one standard deviation shock
in the industrial producer’s capital endowment k;. The graphs in Panel B depict the impulse
response function with respect to a one standard deviation shock in the agricultural producer’s
commodity endowment ¢;. The graphs in Panel C depict the impulse response function with
respect to a one standard deviation shock in the financial speculator’s wage endowment zpg ;.
The graphs in Panel D depict the impulse response function with respect to a one standard
deviation shock in the commodity consumer’s wage endowment zcc .
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Figure 5: Impulse response functions: agents’ consumption bundles
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This figure depicts the impulse response functions in log deviations from the steady state in
percentage points for the agents’ consumption bundle levels CN'M, where i € {IP, AP, FS,CC},
for our four model specifications. The graphs in Panel A depict the impulse response function
with respect to a one standard deviation shock in the industrial producer’s capital endowment
ki. The graphs in Panel B depict the impulse response function with respect to a one standard
deviation shock in the agricultural producer’s commodity endowment ¢;. The graphs in Panel
C depict the impulse response function with respect to a one standard deviation shock in the
financial speculator’s wage endowment zpg ;. The graphs in Panel D depict the impulse response
function with respect to a one standard deviation shock in the commodity consumer’s wage

endowment zoc .

o1



A Technical Appendix

A.1 1IP’s Optimization Problem

The optimization problem of the industrial producer is to maximize her lifetime utility
by choosing non-commodity good consumption, commodity allocation for production and
consumption and the next period’s bond holdings such that her budget constraint and
the commodity resource constraint are satisfied. The objective function is

max {(1 - BIP) (611%) lglﬂ

{Crp,t,QpP,t,QrP,t,BrPt+1}

1 I=vrp
+ Brp (Ey [(UIP,tJrl)l_WP] ) 9”’} ;

subject to

~ 1
Crpe = (¢1p Crpy + (1= érp) %DPt) SR
141 2

Crpe =Y — S5:Qpr — S:Qrpy + BrpiRyt—1 — Brpiy1 — BIPt+1

Thus, the Lagrangian with Lagrange multiplier A\;p; is given by

o1p

1- _ 1 ) l=vp
L= {(1 — Brp) {(qb]pC?ﬁ; (1—¢;p) PIP)PIPGIP + Brp (Et [(UIP,t+1)1 'YIP:|>0IP }
v
+ Arpy (Yz% — SiQpt — S1Qrpt + BrpiRyt—1 — Brpiy1 — g : B%Pt+1 CIP,t) .

The first order condition with respect to consumption Cp, implies

oUrps 1
9C1 s IPt-

Plugging in and rearranging terms gives

1— 177“3 1-yrp
-1 1=yp g
= (1= Brp)Urp, " ¢1,C1E; (¢1PC}OII£ +(1— ¢IP)Q§§3}}) IPfip " — Arpy

pIpfrptirp—1

1,

1 PIPorp
Arpg = (1= Brp)U ¢1P Pt
e 0\ @reCE, + (1= 61p) Q73

1- Up 1 1;7113 1—71913—9113 PIPGIPJGrWIP—l
pIP 1P P P PIPOIP
Arpy = (1 — Brp)d; UIPt CIPt Trpt

l=yp 1
Arpy = (1 BIP)WIPGIP degltj OIPthP xng,ltpv (A1)
_ _ cre ..
where &p = Yrp(=pip)=1 o1 Trpy = 910 Qb The pricing kernel for the

Yrpprp ¢1PC}D}I)};+( ¢IP)Q;[)£>};.
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industrial producer Mt(éﬂ is therefore given by

e OUrpy/0C1pia
b 8U1Pt/aCIP,t
1— 'YI 1
- Urp.s
 BurUpp, " (BAUSEED) T E U S|
B Arpyt
= WP 1 1 _
_ 5IPU1Pt " (Et[UIPZﬁ])HIP E, [ng,iilkfp,m}
ATPy
- —€1p Ul_'YIP l_ﬁ
(A1) Bip (CIPH-I) vrp ($1P,t+1> IPt+1 (A2)
Crpy T1pg E, [U I;ij]

Next, the first order condition with respect to the allocation of the commodity good
towards production ()p; is given by

8U1Pt —\ Y,
aQIPt IPtaQPt

Plugging in and using the definition of production output (8) gives

_1 (A1) v v N1 _
(1= ¢1p) (Qrre)™" — (77Kt +(1- U)Qp,t) P,tl(l - 77)¢IPC;113}; 17

or stated differently
oUrp oY, OUrp

IQ1py - 9Qp; OCpy’

where Urp denote the utility function of the industrial producer. The first order condition
with respect to Q;p; implies

OUrpy

Qrpy = Ao =0

and thus the spot price solves

St:

1 —orp (QIP,t)pIP_l
¢rp Crpy '

We will use the following implication from the envelope theorem in the following

OUiprn 0L
OBipir1  OBrpip

Y

Brp t+1_BIP t+1

where B* denotes optimal bond holdings and U* the value function, i.e. the optimized
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utility function. Finally, the first order condition with respect to Brpsy is

1—
1——2IpP

et [ OU
O = /BIPU]Pﬂg orp (Et[UIlP’ZiIi])‘QIP Et|: YIpP IPt+1

IPt+1 A | — Arpt — Arpi2v1 Brpea
’ aBIP,t—H

_ ) )
Yrp l—vrp N\ o5 L rr—rp oL
5IPU1P,t (Et[UIP,tJrl]) " UIP7t+18B[P,t+1 A
1 = L — 211 Brpita
APy
- _1 1
Yrp l—vrp N\ o5 L rr—rp
1 E BreU;p} (]Et[UIP,tJrl]) e Upiy A e (R} oy B
= Ity — 2V1D1pt+1
Arpy i
[ —ﬁ —&ip Ul_'YIP l_ﬁ
(A1) CIP,tH P Trptt1 IPt+1 ~
1 ="E |Bip | —5— —_— P po— (Rst) — 211 Bipisa
C 1=9rp ’ )
1Pyt Trpy E[U;p ]

1 = E [Mtgf%Rf,t - 2VIBIP,t+1] ;

where Bypyq = Bé =5 is normalized bond holdings of the industrial producer and Mgfi

the pricing kernel of the industrial producer for payoffs expressed in units of the non-
commodity consumption good (see equation (A2) or also (3)). The model is solved in
these stationary normalized variables as our economy is growing.

A.2 AP’s Optimization Problem

The optimization problem of the agricultural producer is to maximize her lifetime utility
by choosing non-commodity good consumption, commodity consumption and the next
period’s futures holdings such that her budget constraint and the commodity resource
constraint are satisfied. The objective function is

bap

1 1-vap
+ Bap (Eq [(UIP,tH)I_MP] ) ar } ;

1=v4p

(Ear)

{CAP,thAP,hnAP,H—l}

max {(1 — Bap)

subject to

~ _1
Capy = (papC, + (1 — dap) Q%) 747
1%) 2

C(AP,t = (Qt - QAP,t)St + nAP,tSt - nAP,t+1Ft — _eﬂq't nAP’tJrl.

Note that Q; = Qrpy + Qaps + Qpy + Qccy as given in Equation (21).
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Thus, the Lagrangian with Lagrange multiplier A4p; is given by

9Ap

1—v

L= {<1 — Bar) [(QSAPCZ?’IZ + (1 —¢ap) %;t)m + Bar (B [(UAP,tH)lWAP])ij}l AP

2
Valapiia
+ Aapy ((Qt — Qary)St +napiS; — nap1 Fy — — Capy | -

eMaq:
The first order condition with respect to consumption Cyp; implies

OUap, _
0C apy

= Aapy.

Plugging in and rearranging terms gives (similarly as for the industrial producer in Section

A1)

1-v4p _
Aapgy = (1 — Bap)dy pAPgAP U:ﬁ? A;DD,?P IA%AtP’ (A3)

AP
Yrp(1—prp)—1 $aPCUB,
where = A HP) - and x = : .
Sap Yrpprp APt GapCH+(1—6ap)Q%H,
P)

agricultural producer Mt(fH is therefore given by

The pricing kernel for the

OUapt/0Capii1
OUaps/O0Capy

AP
M t(,t—l-l) =

1-vap

BAPUAPt AP (Et[U,}xPZﬁ])GAP I, [UA“P OUap, t“]

Pi+10Cap,t41

APy
1-v4p

1— _ T _
BapUsp, " (BulUspA5)) 27 By [Uih Aapsia]

Aapt

1 _ 1 -4,
(A3) Capse1\ P47 (Tapeir) 7 Uapish "
2 4 AL ware ) \BOET) 0 Y
Capy T AP E, [UAP,t-i-l]

Next, the first order condition with respect to Q) 4p; implies

OUap,
0Q apy

- )\AP,tSt =0,
and thus the spot price solves

St:

1 —¢ap (QAP,t)pAPl ‘

Gap Capy

25



Coupled with the condition for the spot price of the previous section we obtain

1 —¢rp (le,t)pml _ 1—oap (QAP,t)pAPl
orp Crpy Oap Capy '

We will use the following implication from the envelope theorem in the following

Wipiy 0L

Onapiy1 Onapiia

Y

”AP,tJrl:(bfAP,tH

where ¢* denotes optimal bond holdings and U* the value function, i.e. the optimized
utility function. Finally, the first order condition with respect to napsy1 is

1—v4

_1
By = BarUyp " (BUS) o B, [UAPt—i-l ]—/\AP,tQVQﬁAP,tH

8nAP,tH

r _1 1
BapUnsy (BuUjpiis]) Par UA;?il apir (Sii)}
Aapy

- 2V2nAP,t+1

AP

(A3) Cap1 “Tap TAP+1 tar U;f?fﬂ .
i =B | Par C’AP Tap: 1=var\ =725 (St1) = 2vahapin
K ot (E [UAPt—H]) AP

r 1

1 1——
-0 —€ap 1-—vap 04p
F = |8 Capis1\ 74P [ Zapisr UAPt+1 (Sie1) — 200
t = Iy | Dap Ot o —]E [=ar t+1 2N APt41
APt APt tIY AP t+1

F =L [Mt(fﬁ)stﬂ - 2V2ﬁAP,t+1] )

NAPt+1
etat

where Niapiy1 = is normalized futures holdings of the agricultural producer and

Mt(,f-fl) the pricing kernel of the agricultural producer for payoffs expressed in units of the
non-commodity consumption good (see equation (A4) or also (3)).

A.3 FS’s Optimization Problem

The optimization problem of the financial speculator is to maximize her lifetime utility by
choosing (non-commodity good) consumption, the next period’s bond holdings and the
next period’s futures holdings such that her budget constraint is satisfied. The objective
function is

OFrs

max {(1 — Brs) [ o :s} + Brs (B¢ [(Ursier1)' 7)) o } e

{CFs,tBFs,t+1,MFS,t+1}
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subject to

Crst = Crsy

1%} 2 Vo 2
C1FS,2& = ZFS,t + BFS,tRf,t—l + nFS,tSt - nFS,t-i—lE - BFS,t—i—l - mBFSt_H - %nFs,t-H'

Thus, the Lagrangian with Lagrange multiplier Agg; is given by

Ors
1-7ps

1-vpg

L= {(1 — Brs) {épgﬂs } + Brs (B [(Ups,t+1)17FSD9FIS}

+ Arst (Zpst + BrsiRyi—1 +npseSt — npsiv1Fy — Brsit1

1%} 9 Vo 2
T gt DS T Npst+1 — Crsyt) -

The first order condition with respect to consumption Crg; implies

1-vpg 1

(1= Brs)Ups, ™ Cpar® — Apsy = 0= Apsy = (1 — Brs) ﬁgi Cra wFS- (A5)

The pricing kernel for the financial speculator Mt(ffl) is therefore given by

VES _ OUpst/0Crs 41
trl T aU oC
rst/O0CFs,
ks 1 : ou
- FS,t4+1
— BFSUFSt " (Et[UFSZfiSi])OFS [UF;IZilaCFSt::—-l]
B AFS,t
1-vFs 1— 1
_ BFSUFSt e (Et[UFSZfiSl])eFS Et[ FSt—l—l)‘FSt-&-l}
AFSt
__1 1_’YFS 1_ﬁ
(A5) Crsir1) VUFs Upsiti
= Prs C" i S : (A6)
FS¢ I, [UFS t+1]

We will use the following implication from the envelope theorem in the following

WUrsiri __ OL
OBFs 11 OBps+1 '

The equivalent condition holds for the derivative with respect to npg¢y1. Secondly, the
first order condition with respect to Bpg 11 is

ops 1 oU
-1 - FSt+1
FS 1-—vrs1\ o YFS )
0 = 5FSLFSt (Et[(/FStH]) rs By [LFS,t-&-l—aBFSH_l
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Finally, the first order condition with respect to npg;41 is

OUrps 141

1— YFS 1
-
7S [l-rs))e E IES
F =L [3FSUFSt (]Et[ FS,t+1]) " ! |:UFSt+18nFSt+1

} — 209 AP N FS 141

e _ 1y
BrsU FSt (Et[UFsﬁﬁ])em Upgiiii AArsis1 (1)}
AFS,t
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F = E [Mt<ff1)8t+1 — 2V2ﬁF5’,t+1} ;

where fipg,1 = 222 is normalized futures holdings of the financial speculator and
i + eta

Mt(ffl) the pricing kernel of the financial speculator (see equation (A6) or also (3)).

A.4 CC’s Optimization Problem

CC’s optimization problem is to maximize her lifetime utility by choosing the amount
of commodities she is buying from the producing agent (this amount is equal to her
consumption as she only derives utility from commodity consumption):

bcc

1- ch 1— 1 | I=vcc
i {1 fec) |Gl | + e (B [Weaw) )70 |
loleX’

subject to

Ceocor = Qecy-
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The commodity consumer is endowed with Zcc; units of the non-commodity good. Since
she only derives utility from commodity consumption )¢, and has no option to use the
non-commodity good elsewhere (there are no financial markets available for the commod-
ity consumer), she will invest her whole endowment into commodities and thus it must
hold in equilibrium

G _ Zcoy
cor = Qoo = ,
Sy

since 1/S; is the price of the non-commodity good in commodity units.

A.5 Pricing Kernel in Terms of the Return on Wealth

As in Cochrane (2006), pp. 91-92, we now rewrite IP’s pricing kernel®> here in terms of
the return on wealth which is necessary to implement the pricing kernel in Dynare. The
agricultural producer’s pricing kernel is rewritten analogously. We define wealth as the
claim to effective consumption

~ 1
Crpy = (01pCTH, + (1 — ¢1p)Q15,) 717

and thus wealth is defined as

2 : (IP)
WIPt Et Mt t+JOIPt+]

The utility function in terms of this effective consumption is defined as

orp

~ 1971?3 1—vrp T e
UIP,t = (1 - BIP)CIPJ + 5IP (Et[UIP,t—H]) IP )

which is the standard EZ utility function when consumption is C. We can thus almost
proceed one-to-one as in Cochrane (2006). This utility function is linearly homogeneous
in C' and thus

it 8U1pt ~ - UIPt
Urpt = —Crpiy; =E4 CIP,t+‘
; 9C1pi+i ’ 2; 9C1pss ’
Urpy (IP)
S L — MUID & = Wip,.
OUrpy/0Cpy [Z SR IRt

25For the financial speculator the pricing kernel in terms of the return on wealth is directly given
without alteration in Cochrane (2006), pp. 91-92.
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From the definition of the utility function we obtain

=P\ =075 1 1’% 1-57 ~1-5F 1’%
(]Et [UIPtJrlD =\ % UIP,t -(1- 5IP)CIP¢ .

Brp

We obtain that we can rewrite wealth as

_1
1Pt 1Pt -

a aUIP,t/aéIP,t Uwzp( ﬁIP)CI or 1= Bip

By solving for U; we obtain

F——
Urpr = |:W1Pt(1 — /BIP)ijthP} e

Starting from the pricing kernel Mt(éﬁ given in equation (A2) or also (3) we obtain with

the just derived relations
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A.6 Equilibrium Conditions

A.6.1 1IP

The following collection of equations comprise the equilibrium for the industrial producer.

Urpy =
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A.6.2 AP

The following collection of equations comprises the equilibrium for the agricultural pro-

ducer.
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Qt = QARt + QAP,t + QP,t + QCC’,t
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A.6.3 FS

The following collection of equations comprises the equilibrium for the financial speculator.
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A6.4 CC

The following collection of equations comprise the equilibrium for the consumer.
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A.7 Normalized Equilibrium Conditions

Since the economy is growing we need to rescale it. We will choose e#e as the normaliza-

tion variable for all (growing) variables and denote these variables by e.g. C APt = %,

C APt = C;‘f 2+ and so forth. The only exception is that we normalize the utility functions

and wealth levels by its respective consumption, i.e. Ult = C” and mt = C” for all
7,t

1€ {I P,AP,FS,CC}. The bond and futures holdings are normalized by lagged ehat
ie. Bz,t+1 = Birt and qbz 1 = ‘i’ L for 1 = IP, AP or F'S. The full set of normahzed

eha’t
equilibrium conditions is then given by
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