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Several studies employ mapping algorithms to infer index positions in WTI crude oil futures from posi-
tions in agricultural futures and report an economically large and statistically significant impact of index
positions on crude oil futures prices. In this article, we provide direct evidence that the apparent impact of
index investment based on mapping algorithms is spurious. Specifically, an idiosyncratic spike in agricul-
tural index positions during 2007-08, coupled with the spike in oil prices, causes the spurious impact of
index investment on crude oil futures prices found in these earlier studies.
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1. Introduction

Commodity futures prices increased substantially over 2003-08,
with crude oil futures price hitting a record high of $147 per bar-
rel in mid-2008. As prices soared, concerns emerged that the record
price rise was driven by the increasing participation of financial
investors.! Hedge fund manager Michael W. Masters is a leading
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1 Financial investors seek exposure to commodity futures markets through either
Exchange-Traded Products or over-the-counter swap contracts, whose returns are tied
to an index of commodity prices (e.g., the Standard & Poor’s Goldman Sachs Com-
modity Index). In the remainder of this paper, the term “index investment” is used to
generally refer to commodity index-based investment.
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proponent of the view that commodity index investment was the
main driver of the spike in commodity futures prices. In a series
of testimonies and reports, Masters argues that index inflows from
institutional investors imposed strong buying pressure and created
a massive bubble in commodity futures prices, most notably in the
crude oil market (e.g., Masters and White, 2008). This argument
has become widely known as the “Masters Hypothesis” (Irwin and
Sanders, 2012). Masters-like arguments were quickly adopted by
some policymakers and other advocates to push for regulations to
limit commodity index activity. As called for in the 2010 Dodd-Frank
Wall Street Reform and Consumer Protection Act, the U.S. Commodity
Futures Trading Commission (CFTC) proposed regulations imple-
menting limits on speculative futures and swaps positions in Decem-
ber 2013 and proposed a revised set of rules in December 2016. The
European Securities and Markets Authority also published new reg-
ulatory rules on commodity derivatives with a focus on ancillary
activity and position limits, which took effect in January 2018.2

2 See ESMA'’s reports at https://www.esma.europa.eu/policy-rules/mifid-ii-and-
mifir.
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Empirical research has examined the impact of index investment
on crude oil prices based on different index position measures. Some
researchers use positions from the CFTC Disaggregated Commitments
of Traders (DCOT) and Index Investment Data (IID) reports or pri-
vate index funds and find no significant impact on futures prices
for WTI crude oil (e.g., Bilyiiksahin and Harris, 2011; Sanders and
Irwin, 2011; Irwin and Sanders, 2012; Sanders and Irwin, 2014;
Brunetti et al., 2016). While informative, these index position mea-
sures are subject to a netting problem or limitations on data fre-
quency, sample length, and representativeness. Other researchers
infer index positions in WTI crude oil using mapping algorithms and
report an economically large and statistically significant impact on
oil prices (e.g., Mayer, 2012; Singleton, 2014; Cheng et al., 2015).
Fig. 1 demonstrates the large correlation between index positions
inferred from a mapping algorithm and WTI crude oil futures prices
during 2007-08. A mapping algorithm is a method of estimating
index positions for individual futures markets such as WTI crude
oil based on index positions in agricultural futures markets that are
known from the weekly CFTC Supplemental Commitments of Traders
(SCOT) report. The best-known mapping algorithm—the Masters
algorithm—infers index positions in WTI crude oil from a few agri-
cultural commodities (Kansas wheat, feeder cattle, and soybean oil).
The algorithm implicitly assumes a constant relationship in index
positions between WTI crude oil and the agricultural commodi-
ties.

In this article, we provide direct evidence that the relationship
between index positions based on mapping algorithms and futures
prices for WTI crude oil is spurious. We re-estimate Singleton’s
(2014) (henceforth “SNG”) model and introduce a dummy variable
for 2008 and find that the forecasting power of index positions
based on the Masters algorithm is limited to 2008, especially the
second half of 2008. To analyze the sensitivity of SNG’s results, we
extend the analysis to a post-sample period from January 19, 2010
though December 29, 2015 and find that index positions based on
the Masters algorithm become negatively significant and all the con-
ditional variables lose significance, contradicting the alleged impact
of index investment. This suggests that the relationship identified in
the earlier period is unstable and does not persist out-of-sample. We
then consider two alternative measures of index positions from the
iShares S&P GSCI Commodity-Indexed Trust and a large private index
fund. These results show no significant impact of index positions on
futures returns for WTI crude oil. Altogether, the evidence suggests
that the seemingly large impact of index positions based on mapping
algorithms is spurious.

To discover why a spurious relationship may arise, we provide an
anatomy of mapping algorithms and explore the inaccuracy of index
position measures based on mapping algorithms. We show theo-
retically that in order to replicate a commodity index the positions
of any two commodities should maintain annually fixed ratios. The
Masters algorithm implicitly assumes fixed ratio relations between
WTI crude oil and agricultural commodity futures. Using index posi-
tions from the SCOT and IID reports, we develop a formal test and
empirically reject the underlying fixed ratio relations. Furthermore,
compared with IID positions—the most accurate available—the Mas-
ters algorithm provides poor estimates of index positions for WTI
crude oil in both direction and magnitude. Index positions from the
Masters algorithm show a clear spike during 2007-08 while the IID
measure does not. Decomposition shows that the spike in index posi-
tions based on the Masters algorithm is largely driven by positions
in feeder cattle — one of the unique agricultural markets underly-
ing this mapping algorithm. Within the same regression framework,
we show that 13-week changes in index positions of feeder cattle
have a significant impact on crude oil prices, which is obviously spu-
rious. In sum, an idiosyncratic spike of agricultural index positions
during 2007-08, together with the coincidental spike in crude oil
prices, causes the spurious relationship between index investment

and crude oil prices found in previous studies that employ mapping
algorithms.

2. Literature review

A large number of academic studies have examined the impact
of financial index investment on commodity prices.3 Theoretical
models suggest several pathways for financial index investment
(“financialization”) to impact commodity futures prices. First, the
flow demand of index investment may be larger than available
liquidity due the large position sizes of index investors, and this
flow may temporarily push prices away from fundamental value
(e.g., Grossman and Miller 1988). Second, competition from index
investment may reduce risk premiums earned by long speculators
in commodity futures markets (e.g., Acharya et al., 2013; Hamilton
and Wu, 2014, 2015). Third, increased integration of commodity and
financial markets brought about by index investment may result in
increased exposure of commodity futures prices to financial shocks
that increase prices (e.g., Etula, 2013; Basak and Pavlova, 2016).
Fourth, other traders may confuse index buying with valuable pri-
vate information and thus revise their own demands upward which,
in turn, pushes commodity futures prices higher (Sockin and Xiong,
2015).

Depending on the way that index positions are measured, empir-
ical research on the impact of index investment on crude oil prices
falls into three groups.* The first set of studies uses long positions of
swap dealers from the CFTC DCOT report as a measure of index posi-
tions and find no evidence of significant impacts of swap dealer posi-
tions on crude oil futures prices (e.g., Biiyliksahin and Harris, 2011;
Sanders and Irwin, 2011; Brunetti et al., 2016). While a large frac-
tion of index investment is placed through swap contracts, net swap
dealer positions in energy futures markets may be a poor approx-
imation of total index positions because of the large off-setting
non-index swap business conducted in these markets.> The second
group of studies uses index positions from the CFTC IID report or pri-
vate index funds, also finding no significant impact of index positions
on crude oil prices (e.g., [rwin and Sanders, 2012; Sanders and Irwin,
2014). These measures are direct and, in the case of the IID, gener-
ally accurate, but subject to limitations on frequency, sample length,
and potentially representativeness of private index fund positions.
The third group of studies relies on mapping algorithms to estimate
crude oil index positions from agricultural index positions, which are
available from the weekly CFTC SCOT report. There are two differ-
ent but related mapping algorithms — the Masters algorithm and the
weighted-average algorithm. The Masters algorithm infers crude oil
index positions from a few agricultural commodities that are unique
to a particular index (Masters, 2008). Using this algorithm, Singleton
(2014) (henceforth “SNG”) finds an economically large and statis-
tically significant influence of index positions on crude oil futures
prices. The weighted-average algorithm derives index positions in
crude oil from the aggregate index positions of all twelve SCOT agri-
cultural commodities, with initial period prices as the weight. Using
the weighted-average algorithm or a close variant, Mayer (2012) and

3 See Irwin and Sanders (2011), Fattouh et al. (2014), Cheng and Xiong (2014), and
Haase et al. (2016) for thorough reviews.

4 Instead of linking price changes to index positions, an alternative approach is to
apply bubble tests directly to crude oil futures prices (e.g., Phillips and Yu, 2011; Shi
and Arora, 2012; Harvey et al., 2016; Tsvetanov et al., 2016). In spite of mixed results,
compelling evidence of large and long-lasting bubbles is limited.

5 Staff report on commodity swap dealers & index traders with commission recom-
mendations, Commodity Futures Trading Commission, 2008. http://www.cftc.gov/idc/
groups/public/@newsroom/documents/file/cftcstaffreportonswapdealers09.pdf.
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