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One estimate of total commodity-index assets

I’d like to provide a little background on how this new category of “investors” came to 
exist.  

In the early part of this decade, some institutional investors who suffered as a result of 
the severe equity bear market of 2000-2002, began to look to the commodity futures 
market as a potential new “asset class” suitable for institutional investment.  While the 
commodities markets have always had some speculators, never before had major 
investment institutions seriously considered the commodities futures markets as viable 
for larger scale investment programs. Commodities looked attractive because they have 
historically been “uncorrelated,” meaning they trade inversely to fixed income and equity 
portfolios.  Mainline financial industry consultants, who advised large institutions on 
portfolio allocations, suggested for the first time that investors could “buy and hold” 
commodities futures, just like investors previously had done with stocks and bonds.  

Index Speculator Demand Is Driving Prices Higher

Today, Index Speculators are pouring  billions of dollars into the commodities futures 
markets, speculating that commodity prices will increase.  Chart One shows Assets 
allocated to commodity index trading strategies have risen from $13 billion at the end of 
2003 to $260 billion as of March 2008,5 and the prices of the 25 commodities that 
compose these indices have risen by an average of 183% in those five years!6

COMMODITY INDEX INVESTMENT COMPARED
TO S&P GSCI SPOT PRICE COMMODITY INDEX
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Literature on Commodities Markets Financialization

Policy discussion
I Masters (2008), Kennedy (2012)

Academic literature

I Survey: Irwin and Sanders (2011) and Fattouh, Kilian, and Mahadeva (2012)

I Correlation: Tang and Xiong (2011), Buyuksahin and Robe (2010, 2011),

Fattouh, Kilian, and Mahadeva (2012)

I Structural VAR: Kilian and Murphy (2011), Lombardi and van Robays

(2011) and Juvenal and Petrella (2011)

I Prediction regression: Brunetti, Buyuksahin, and Harris (2011), Irwin

and Sanders (2011a, b, 2012), Stoll and Whaley (2010), Alquist and Gervais

(2011), Buyuksahin and Harris (2011), Singleton (2011), Hamilton and Wu

(2012)
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Effect of financialization on the futures price

Masters’ argument: increased volume of buying may drive up the
futures price

Possible mechanism: Sellers willing to take other side if
compensated in the form of higher return

Our paper: explores whether this could operate through changes
in the risk premium
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Keynes’ theory of normal backwardation

Keynes (1930)

I Producers hedge by selling futures contracts, and pay a premium

I Arbitrageurs are forced to take the other side, exposed to
non-diversifiable risk, and compensated

Empirical support

I Carter, Rausser, and Schmitz (1983), Chang (1985), Bessembinder
(1992), De Roon, Nijman, and Veld (2000), and Acharya,
Lochstoer, and Ramadorai (2010)

Impact of Financial Investors?

I Buy commodities futures for portfolio diversification

I Exert a similar effect in the opposite direction

I Shift the receipt of the risk premium from the long side to the short
side of the contract
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Similarity between effects of index investing and
quantitative easing

Hamilton and Wu (JMCB 2012) relate price of risk to supplies of
Treasury debt in QE context

This paper: We investigate the relation between the price of risk
and volume of contracts in the index investing environment.

6/26



Introduction Model Estimation Empirical Results Conclusion

Contribution

Methodology:

I Build the interaction between commercial hedgers or financial
investors and arbitrageurs into an affine factor framework

I Model the dynamics of risk premia with no-arbitrage conditions

I Develop a new algorithm for estimation using unbalanced data

Significant changes in oil future risk premia since 2005

I Risk premia to the long position smaller or even negative

I Risk premia more volatile

Implications:

I Financial investors become more important determining risk premia

I They become the natural counterparties of commercial hedgers

Seasonal variation of risk premia over the month
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Arbitrageur’s problem

Fnt =price at t of contract of maturity n
znt =notional holdings in contracts of maturity n
znt/Fnt = number of barrels purchased with contract n
Arbitrageur’s cash flow for t + 1

Wt+1 =
N∑

n=1

znt
Fn−1,t+1 − Fnt

Fnt
.

Arbitrageur’s optimization problem

max
{z1t ,...,znt}

Et(Wt+1)− (γ/2)Vart(Wt+1).
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Assumptions

Log price linear in (m × 1) factors xt

fnt = log Fnt = αn + β′nxt .

Factor dynamics

xt+1 = c + ρxt + Σut+1 ut+1 ∼ i.i.d. N(0, Im)
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Equilibrium

Arbitrageur’s FOC

αn−1 + β′n−1(c + ρxt)− αn − β′nxt + (1/2)β′n−1ΣΣ′βn−1 = β′n−1λt

where λt = γΣΣ′

(
N∑
`=1

z`tβ`−1

)
.

If counterparty demands (z`t) are affine functions of xt , then in
equilibrium risk prices will take affine form

λt = λ+ Λxt .

Factor loading iterations, analogous to ATSM recursion

β′n = β′n−1ρ− β′n−1Λ

αn = αn−1 + β′n−1c + (1/2)β′n−1ΣΣ′βn−1 − β′n−1λ.
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Data Structure

Definition of four “weeks”

jt = 1 : last business day of the previous month

jt = 2 : 5th business day

jt = 3 : 10th business day

jt = 4 : expiration day (third business before the 25th calendar day)

Unbalanced panel: the nearest three contracts

yt =


(f3t , f7t , f11,t)

′ if jt = 1
(f2t , f6t , f10,t)

′ if jt = 2
(f1t , f5t , f9t)

′ if jt = 3
(f0t , f4t , f8t)

′ if jt = 4

.
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Level and slope

Definition
y1t = H1yt

H1 =

[
0 (1/2) (1/2)
0 −1 1

]
.

Model implies
fnt = αn + β′nxt .

Priced exactly
y1t = A1,jt + B1,jtxt

with
xt+1 = c + ρxt + Σut+1

⇒ y1t |yt−1, yt−2, ..., y0 ∼ N(φjt + Φjty1,t−1,Ωjt )

where φjt ,Φjt ,Ωjt depend on structural parameters
θ : (c , ρ,Σ, cQ , ρQ , λ,Λ, α0, β0)
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Near Contract

Definition
y2t = H2yt

H2 =
[

1 0 0
]

Priced with measurement error

y2t = A2,jt + B2,jtxt + σe,jtue,t

with
y1t = A1,jt + B1,jtxt

⇒ y2t |y1t , yt−1, yt−2, ...., y0 ∼ N(γjt + Γjty1t , σ
2
e,jt )

where γjt , Γjt depend on structural parameters θ
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Step 1: OLS for unrestricted VAR

Unrestricted VAR

y1t |yt−1, yt−2, ..., y0 ∼ N(φjt + Φjty1,t−1,Ωjt )

y2t |y1t , yt−1, yt−2, ...., y0 ∼ N(γjt + Γjty1t , σ
2
e,jt )

where φjt ,Φjt ,Ωjt , γjt , Γjt , σe,jt are unrestricted
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Step 1: OLS for unrestricted VAR

Log likelihood function

L =
∑T

t=1
[log g(y1t ;φjt + Φjty1,t−1,Ωjt )

+ log g(y2t ; γjt + Γjty1t , σ
2
e,jt )]

=
∑4

j=1

∑T

t=1
δ(jt = j) log g(y1t ;φj + Φjy1,t−1,Ωj)

+
∑4

j=1

∑T

t=1
δ(jt = j) log g(y2t ; γj + Γjy1t , σ

2
ej)

Reduced form parameters

π : (φ1,Φ1,Ω1, γ1, Γ1, ..., φ4,Φ4,Ω4, γ4, Γ4)

MLE (π̂) can be obtained by OLS, with each week of month as
separate sample
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Step 2: MCSE for structural parameters

Hamilton and Wu (J Econometrics 2012)

I Idea: choose structural parameters θ that would imply
reduced-form coefficients π(θ) as close as possible to the
unrestricted estimates π̂.

I Asymptotically equivalent to full MLE.

I Computational advantages

I Interpretive advantages

18/26



Introduction Model Estimation Empirical Results Conclusion

Step 2: MCSE for structural parameters

Model implies
π = g(θ)

Minimum-chi-square estimation

minT [π̂ − g(θ)]′R̂[π̂ − g(θ)]

where R̂ is the information matrix of π̂

Minimized value is asymptotically χ2 with degrees of freedom
given by number of parameters in π minus number in θ
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Data
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Sample: January 1990 - December 2004, January 2005 - June 2011
Liklihood ratio test of structural break: p = 2.2× 10−16
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Risk Price

λt = λ+ Λxt

1990-2004

I First element of λ+ Λx̄ is 0.0037 (0.0018).
⇒ Positive compensation for long position.

2005-2011

I Large negative value for Λ12

⇒ When the spread gets sufficiently high, a long position in
the 1- and 2-month contracts would on average lose money.

I First element of λ+ Λx̄ is smaller, and no longer significant
⇒ The average reward for taking long positions in the second
subsample is not as evident in the first subsample
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Risk Price
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Risk Premium

rpt = f̃nt − fnt
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Implications

Positive λ̄t(1) from 1990-2004

I Arbitrageurs: take long positions, accept positive expected earnings

I Commercial producers: hedge by short positions, pay for insurance

Index fund buyers explain why a long position no longer has a positive
return.

I Serve as counterparty for commercial hedgers

I Don’t demand risk compensation

Positive return to a spreading position from 2005-2011

I Arbitragers buy long-term futures from oil producers, and sell
short-term futures to index-fund investors
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Conclusion

Methodology

I Affine factor model for studying the interaction between hedgers
and arbitrageurs in oil futures market

I Estimation with unbalanced panel

I Diagnostic tools

Empirical findings

I Prior to 2005, positive compensation for a long position, with low
variation of risk premium
⇒ the premium comes from hedging demand by commercial
producers

I Since 2005, lower and often negative compensation for a long
position, with higher volatility
⇒ Increased participation by financial investors change the nature
of risk premia
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