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Abstract: Commodity index rolling is treated as a natural experiment and an event
study of order flow costs in a wide array of futures markets is conducted. The spread
between nearby and deferred futures prices decreases significantly in the early and
growth phases of financialization (1991-2011), with the spreads reversing back after
rolling is completed. Spread impacts disappear in the post-financialization period
(2012-2019). We argue that a dramatic increase in the supply of liquidity brought on
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Introduction
Financial investors, such as pension funds and other institutional investors, have substantially increased their participation in commodity futures markets since the early
2000s. In contrast to traditional hedgers and speculators, financial entities treat commodities as a new class of assets and seek diversification benefits and protection against
inflation. The financial entities get access to commodities through a variety of investment
tools such as exchange-traded funds (ETFs) and swaps, whose returns are often tied to
prices of a group of commodities or a commodity index. Global commodity-linked investment as estimated by Barclays was about $300 billion at the end of 2019, with a peak of
$450 billion in early 2012. 2 The rapid growth of commodity-linked investment is often
labeled the “financialization” of commodity futures markets (Tang and Xiong 2012).
Investing in a commodity index is typically accomplished by taking long positions in the
commodity futures contracts that make up the index. Unlike stocks and bonds, futures
contracts expire on a regular basis, requiring investors to roll all their positions forward
from the expiring contract to a deferred month contract to avoid physical delivery. For a
given commodity index, all roll information, such as timing of the roll and futures contracts included in the index, is predetermined and publicly available. As an example, the
Standard Poor’s Goldman Sachs Commodity Index (S&P GSCI) rolls positions forward
from the nearby contract to the next deferred contract over a fixed five-day window from
the 5th to the 9th business day of every month. This is widely referred to as the Goldman
roll (GR). Rolling of index positions is a major event in commodity futures markets because the entirety of index investment is rolled from one contract maturity to the next,
and this can surpass a billion dollars of notional value in individual commodity futures
markets (Stoll and Whaley 2010).
To minimize tracking errors, commodity investors should complete roll trades during the
roll window of the specified index. Hence, rolling activity should be predictable in terms
of timing. Moreover, the roll-based order flows should not contain new information about
contemporary or subsequent changes in commodity futures prices because the flows are
fully determined by known rules. Therefore, the order flows associated with rolling for a
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specific index, such as the S&P GSCI, should be both predictable and uninformed. In
practice, there may be some deviation from this expectation to the degree that investors
track different commodity indexes and/or do not precisely follow pre-set rolling rules.
Deviations like this may make the timing and volume of roll trades somewhat difficult to
anticipate by other traders.
It is important to recognize that the process of rolling positions is as old as commodity
futures markets. Nearly all market participants have to roll out of or exit the nearby contract prior to expiration. However, to the extent that both long and short positions need
to roll, there is no reason to expect a systematic price impact because buyer-initiated and
seller-initiated orders are roughly balanced. In contrast, we expect to observe order flow
impacts from commodity index rolling because this causes an imbalance in the desire of
long versus short positions to roll. In particular, because index roll trades involve sellerinitiated trades of nearby contracts and buyer-initiated trades of next deferred contracts,
nearby prices should be pushed lower than they otherwise would, and next deferred contract prices should be pushed higher than they otherwise would. This results in a decrease
in the price spread between nearby and deferred futures contracts. The decrease in the
spread represents the order flow cost of roll trades for commodity index investors. Note
that the order flow impact of index rolling is expected to be temporary as the spread
should revert to its starting level once index rolling is completed. 3
To the best of our knowledge, only one previous study estimates the size of order flow
costs due to commodity index rolling. Mou (2011) reports the cost to be almost four percent per year. 4 Order flow costs of this magnitude are several times larger than the direct
cost of many index investments and would represent a substantial drag on investor returns. Irwin et al. (2020) and Moran, Irwin, and Garcia (2020) argue that large order

3 There is no small amount of confusion among market analysts and in the financial press about the difference between order flow impacts of roll trades and whether commodity investment returns are driven by
the term structure of futures prices (contango or backwardation). Order flow costs are incurred regardless
of the shape of the term structure of commodity futures prices at any particular point in time. In contrast,
the argument that “roll yield” (term structure) mechanically drives index investment returns is a myth
(Sanders and Irwin 2012; Bessembinder 2018; Irwin et al. 2020).
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Bessembinder et al. (2016) estimate the order flow costs of roll trades for the USO ETF (US Oil Exchange
Traded Fund) to be about three percent per year, roughly the same magnitude as those estimated by Mou
(2011). However, the USO ETF is not a commodity index investment since it is limited to a single futures
market—WTI crude oil.
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flow costs are key to explaining the disappointing return of commodity investments since
the early 2000s. While this may be the case, the available evidence on the size of order
flow costs and how it varies over time is quite limited. For example, Mou’s sample period
ends in 2010, over a decade ago. There is clearly a need for additional research on order
flow costs of index rolling in commodity futures markets given the importance of such
costs to the performance of index investments.
Here, we treat index rolling as a natural experiment and conduct an event study of order
flow costs in a wide array of commodity futures markets. Specifically, we examine 19
energy, metal, grain, soft, and livestock futures markets included in the S&P GSCI over
the 40-year period from 1980-2019. A major advantage of the event study approach is
that it does not place any constraints on the pattern of order flow impacts during the roll
window. We find that the spread between nearby and deferred futures prices decreases
significantly in the early (1991-2003) and growth (2004-2011) phases of financialization,
with the spreads reversing back over the post-GR period. The maximum decline is
roughly 30-40 basis points during the GR window. The reversal shows that the order flow
impact of index roll trades is temporary. Spread impacts decline substantially in the postfinancialization period (2012-2019).
It is estimated that commodity index investors paid a total of $29 billion in order flow
costs during monthly rolls over 1991-2019. This was heavily concentrated in the growth
period of financialization over 2004-2011 when order flow costs totaled an astounding
$23 billion, or an average of $2.9 billion per year. By any reasonable standard, these costs
represented a major drag on the performance of commodity index investments during
this time period. Average annual order flow costs declined to $474 million during the
post-financialization years from 2012-2019. The over 80% decline in average dollar order
flow costs from index rolling is indicative of a dramatic increase in the supply of liquidity
in commodity futures markets associated with a sunshine trading effect and the transition
to electronic trading.

The S&P GSCI Roll
The Standard and Poor’s Goldman Sachs Commodity Index (S&P GSCI) is the first major
investable commodity index and widely recognized as a benchmark for investment in
4

commodity markets. The S&P GSCI was launched in 1991 and has historical data available back to 1970. The index currently comprises 24 commodities from all sectors (energy,
industrial metals, precious metals, grains, softs, and livestock). The index composition
changed over time, with only four commodities (corn, soybeans, Chicago wheat, and live
cattle) included in 1970. There were 17 commodities in 1991 when the index was first
published, and the universe expanded to 24 commodities in 2002 and has remained the
same since. The S&P GSCI is a world-production weighted index, with the weights primarily determined by the average quantity of global production of each commodity over
the last five years of available data. Since the weight assigned to each commodity is in
proportion to the amount of that commodity flowing through the economy, the index is
concentrated in energy products.
Table 1 lists 19 out of the 24 commodity futures markets that are included in the S&P GSCI
and traded in the U.S. 5 These 19 markets are referred to as index commodities in the
remainder of this paper. On average, the aggregate weight of the 19 markets in the S&P
GSCI was 94.9% over 2004-2019. The five industrial metals (aluminum, copper, lead,
nickel, and zinc) listed on the London Metal Exchange (LME) are excluded because of
uncertainty about the maturity structure used for these markets in the S&P GSCI. 6 We
have no reason to expect that the exclusion of the LME markets biases the results in any
way. Because the year a commodity enters the index differs in some cases (see entry years
in Table 1), we include all index commodities available for analysis prior to 1991 (the year
when the index was created). For years after 1991, a commodity will not be used for analysis until it enters the index.
The S&P GSCI is designed to be investable by including the most liquid futures contract,
which is typically the nearby contract. The positions are periodically rolled forward from
the nearby contract to the next deferred month contract to avoid physical delivery. The
roll occurs within a five-day window from the 5th through the 9th business day of each
See Table A1 of the Online Appendix for a listing of the specific maturities of futures contracts held by the
index at the beginning of each calendar month.
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6 The maturities of futures contracts traded on LME range from one day to three months consecutively. It
is not clear from the S&P GSCI methodology which contracts are included in the index and how they are
rolled forward. Some previous studies employ closing LME prices from the 3rd Wednesday of each month
as a proxy (e.g., Gorton and Rowenhorst 2006; Rallis, Miffre, and Fuertes 2013).
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month, and on each date one-fifth of the positions are rolled. Note that the roll occurs
every month for energy products but less frequently for other commodities because futures contracts are not designated for every calendar month. Whenever a roll happens,
we refer to the contract that the index rolls from as the nearby contract and the contract
that the index rolls into as the first deferred contract.
All information about the S&P GSCI roll is publicly available; therefore, the resulting order flows are highly predictable in theory. Index investors may deviate in practice from
the published rules and execute roll trades prior to or after the roll window. At the same
time, the volume of roll trades should be reasonably predictable for two reasons. First,
the size of index positions can be deduced from a number of CFTC position reports (such
as the Index Investment Data report). Second, since the roll is repeated each month for
energy markets and essentially every-other-month for most other markets, the trade can
quickly learn the typical size of roll volume and timing based on recent history. For these
reasons we are confident that event study procedures can be applied to the S&P GSCI roll
with a moderately wide event window.
To form a comparison group, we consider commodities that are not included in the S&P
GSCI, referred to as out-of-index commodities. Table 1 lists 17 commodities out of the
index and the year in which their futures contracts were listed. We apply a similar roll
scheme as the S&P GSCI by matching sector and maturity structure. Out-of-index commodities are used as a control group because they are not included in the index and their
prices are closely related to index commodities within the same sector.
While there is uncertainty about the exact timing of roll trades within the trading day, the
available evidence suggest that roll trades occur at or near the daily settlement. For example, Ready and Ready (2022) document that index traders in agricultural futures trade
at or near the daily settlement. In addition, Bessembinder et al. (2016) show that the
United States Oil Fund (USO), the largest of the ETFs that track crude oil futures prices,
routinely trades at the settlement price to complete its roll trades. This evidence supports
our use of daily futures settlement prices. We obtain the daily settlement prices for January 1980 through December 2019 from barchart.com.
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Index Rolling and the Event Window
As noted earlier, a five-day window for commodity index rolling is specified in the construction of the S&P GSCI. However, data on the actual rolling behavior of commodity
index traders indicates this may exclude a notable amount of roll activity. Important evidence regarding actual rolling behavior is presented in Figure 1. Panel (a) of Figure 1
shows the changes in net long positions held in aggregate by commodity index traders
(CITs) in the December 2004 and December 2008 corn futures contracts. 7 The rolling
activity reaches a peak on day two of the GR but has a pronounced V-shape, with approximately 55% of rolling activity occurring within the GR window. Aulerich, Irwin, and Garcia (2014) also report the annual average percentage of CIT rolling activity that occurs
during the GR period across all 12 agricultural futures markets included in the Supplemental Commitment of Traders (SCOT) report from the U.S. Commodity Futures Trading
Commission (CFTC). The amount of rolling activity in the GR window falls marginally
from an average of 62% in 2004 to 56% in 2009. In Panel (b) of Figure 1, we show the
average changes in positions for all markets and WTI crude oil for a large private index
fund over 2007-2012. 8 The fund rolled about 1,000 futures contracts per day during the
pre- and post-GR windows, but the number reaches around 3,000 contracts per day during the GR window. Overall, a similar V-shaped pattern of rolling activity is reported for
the private index fund as for CITs (Panel (a)), with an average of 40% of fund rolling activity occurring in the GR window.
The data presented in Figure 1 indicates that the actual rolling of positions by index traders in commodity futures markets centers on the GR due to the dominant role played by
the S&P GSCI, but rolling in aggregate occurs over a wider window and this has been the
case at least since the early 2000s. An implication is that any price impact before the fiveday GR is not necessarily due to front-running by predatory traders, as suggested by Mou
(2011), but instead may simply reflect the order flow impact of rolling across a wider

This figure is a reprint of Aulerich, Irwin, and Garcia’s (2014) Figure 3, which is constructed using daily
Large Trader Reporting Program (LTRS) data collected internally by the Commodity Futures Trading Commission (CFTC). We thank the authors for providing the data to reproduce the figure.
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8 The private fund replicates a proprietary commodity index. Further details can be found in Sanders and
Irwin (2014 2016).
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window by index traders. Consequently, we consider a 25-business-day event window,
including 10 pre-GR days, 5 GR dates, and 10 post-GR days, represented by days –10 to
–1, 0 to 4, and 5 to 14, respectively. 9 Pre-GR days are included to capture the possibility
of early execution of roll trades by index investors. Post-GR days capture rolling activity
after the GR window and allow tests of whether the impact of roll order flows is permanent or temporary. Our event window, starting from 10 business days prior to the GR roll
to 10 business days after the GR roll, should be wide enough to capture the vast majority
of rolling activity by commodity index traders.
Bessembinder et al. (2016) show that the price impacts of predictable roll trades around
roll dates for the USO ETF are temporary, reflecting that roll trades are informationless
and the WTI crude oil futures market is resilient. We argue that the trades associated
with commodity index rolling are uninformed and predictable, and therefore, should have
temporary price impacts. There is the possibility that some roll trades are timed opportunistically in an effort to increase investment returns. This could imbue roll trades with
an informational component. The available evidence on the relationship between lagged
and contemporaneous commodity futures returns and changes in commodity index
trader positions provides little support for this possibility. Auerlich, Irwin, and Garcia
(2014) find a significant but small impact of past returns on daily index trader positions
in agricultural markets, but this disappears when the analysis is limited to roll windows.
Lehecka (2015) analyzes weekly index trader positions in agricultural futures markets and
reports that past returns do not significantly impact index positions. On balance, there is
very little evidence that index investors time trades opportunistically during roll windows,
which makes sense given the passive nature of commodity index investments.

Growth of Order Flow Demand
The order flow demand associated with commodity index rolling has grown over time as
index investment has increased. Figure 2(a) shows the dollar value of broad index swaps
in major U.S. futures markets for each year over 1991-2017 as estimated by Barclays. In
The event window is shorter than 25 business days in the WTI crude oil futures market because there are
less than 10 business days between the last roll date (the 9th business day) and the last trading day of the
nearby contract (the day three business days prior to the 25th calendar day). In this case, the event window
ends on the last trading day of the nearby contract.
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Figure 2(b), the notional index investment is calculated based on positions from the
weekly Supplemental Commitments of Traders (SCOT) report released by the U.S. Commodity Futures Trading Commission (CFTC). The SCOT report covers 12 agricultural futures markets for 2000-2019. 10 Another source of commodity index investment is the
CFTC Index Investment Data (IID), which includes the notional value of index positions
in all major U.S. futures markets. The IID data provide the most accurate measure of
index investment but are only available for the relatively short period from December
2007 to October 2015. The IID-based measures of commodity index investment are included for comparison.
Figure 2 shows that both the Barclays and the SCOT-based measures of index investment
move closely with the IID-based measure during their overlapping windows, helping to
verify accuracy. Figure 2(a) shows that total index investment stayed at a low level from
1991 through 2003, began a period of rapid growth in 2004, peaked in 2011 near $200
billion, declined through 2016, and then recovered back to around $150 billion. A similar
pattern is observed in agricultural index investment (Figure 2(b)) with somewhat less of
a recovery toward the end of the sample period. Because the entire notional value of index
investment has to be rolled nearly every month, the growth in roll order flow demand
from index investors since the early 1990s has been enormous. From 2004 to 2011 alone,
the roll order flow demand from index investors increased nearly four-fold.
The data presented in Figure 2 also suggest a clear division of the sample into three subperiods—1991-2003, 2004-2011, and 2012-2019. We argue that these three time periods
represent different stages in the “financialization” of commodity futures markets, and
therefore, in the order flow demand from index investors. The 1980-1990 period is also
included and referred to as the pre-financialization period since it predates the development of major commodity indexes. While it was theoretically possible for individual investors to create their own commodity indexes at any point in the past, we argue that such
efforts would have been of negligible size and market impact. Hence, the 1980-1990

10 The SCOT data are publicly available for 2006-2019. The estimated amount of agricultural index investment over 2000-2005 is reported in Aulerich, Irwin, and Garcia (2014). We thank the authors for providing
this data.
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period serves as our control period and we do not expect changes in spreads during this
period.
The major commodity indexes were created during 1991-2003. In particular, the creation
of the S&P GSCI in 1991 attracted considerable interest and facilitated the creation of
other index-linked products. We refer to this period as the early stage of financialization.
While the total amount of index investment specifically associated with the S&P GSCI
during this period is unknown, there is evidence that the index attracted a notable amount
of investment in this time period. For example, The Oppenheimer Real Asset Fund, the
first fund that invested in the Goldman Sachs Commodity Index, was launched on March
31, 1997 and attracted $62.1 million in assets in the first five months (Kahn 1997).
Aulerich, Irwin, and Garcia (2014) report that index traders had an average of eight % of
long open interest in 12 agricultural futures markets by 2000. Hence, the order flow demand from index rolling during this period was non-negligible, but not yet large in absolute size.
We refer to the period from 2004-2011 as the growth stage of financialization, as index
investment in commodity futures markets exploded. The popularity of commodities as a
new asset class received a boost by the seminal works of Gorton and Rouwenhorst (2006)
and Gorton, Hayashi, and Rouwenhorst (2012), who concluded that investing in commodities could yield “equity-like” returns and diversification benefits. Using 2004 as the
starting date of the growth stage of financialization is consistent with previous studies of
financialization impacts in commodity futures markets (e.g., Tang and Xiong 2012; Hamilton and Wu 2014). As noted earlier, the rapid growth and magnitude of index investment caused a large increase in the order flow demand from index rolling during this
period.
The last period, 2012-2019, is referred to as the post-financialization period because
global commodity-linked investment leveled out during this period, albeit at a high level
from a historical perspective. Therefore, the order flow demand from index rolling remained at a stable but elevated level.
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In sum, there is a clear pattern in commodity index investment that leads to splitting the
sample into four “financialization” stages. These four stages represent the evolution of
roll order flow demand from commodity index investors through time.

Estimated Spread Impacts
To estimate the market impact of roll trades in the event window, we examine daily price
spreads between futures contracts with different maturities. Assuming that the daily set𝑇𝑇

tlement price of the nearby contract with a maturity date of 𝑇𝑇1 is 𝐹𝐹𝑡𝑡 1 and the settlement
𝑇𝑇

price of the first deferred contract with a maturity date of 𝑇𝑇2 is 𝐹𝐹𝑡𝑡 2 , the spread at time 𝑡𝑡 is,
𝑇𝑇 ,𝑇𝑇2

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡 1

𝑇𝑇

𝑇𝑇

(1)

= ln 𝐹𝐹𝑡𝑡 1 − ln 𝐹𝐹𝑡𝑡 2 .

where 𝑡𝑡 takes values from –10 to 14. The spread in this form measures the percentage

difference in prices between the nearby and the first deferred contract. In the presence
of an impact, the spread is expected to be lower during the GR window because the nearby
price will be pushed down by index-initiated sell orders and first deferred price will be
pushed up by index-initiated buy orders. Otherwise, spreads will be roughly the same
between pre-GR, GR, and post-GR windows.
We also measure the degree to which the spread moves during a time interval by calculating the change in spread from day 𝑡𝑡1 to 𝑡𝑡2 as,

𝑇𝑇 ,𝑇𝑇2

Δ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡1,𝑡𝑡2 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡21

𝑇𝑇 ,𝑇𝑇

− 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡11 2 ,

(2)

where 𝑡𝑡1 and 𝑡𝑡2 again take values from –10 to 14. For example, Δ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠0,4 corresponds

to the change in spread over the GR window. The change in spread of a commodity for a
given window (pre-GR, GR, or post-GR) is calculated based on Equation (2). We examine
the change in spread on a portfolio level by forming equally-weighted portfolios of commodities.
In event studies, abnormal returns are computed to account for the impacts of other economic factors on asset prices. The abnormal return equals the raw return minus the expected return estimated from a multi-factor model. The use of abnormal returns is usually necessary when an event affects the price level (e.g., Henderson, Pearson, and Wang
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2015). However, this adjustment is not necessary in our study because roll trades affect
the price level of both the nearby and first deferred contracts. The two commodity futures
prices are tightly linked through storage arbitrage (e.g., Pindyck 2001), so the impact of
other economic factors is differenced out in the spread calculation. 11 In essence, the raw
spread returns are abnormal returns, so there is no need to adjust returns by a multifactor model.
Figure 3 presents the average spread between the nearby and first deferred contracts
(nearby minus deferred contracts) of index commodities on each event day. Average
spreads are calculated over three windows (pre-GR, GR, and post-GR) and four time periods (1980-1990, 1991-2003, 2004-2011, 2012-2019). For each monthly roll, spreads for
a given window are averaged over commodities whose positions will be rolled. Since all
individual monthly rolls are treated equally, this procedure generates the estimated
spread impact for a randomly selected month. Monthly spreads are then averaged over
months within a time period and reported in basis points. The spreads are normalized by
subtracting day –10’s spread to facilitate comparison across periods.
Figure 3 suggests several notable results. First, average spreads are close to zero over the
event window during the pre-financialization stage (1980-1990), which is expected since
this control period occurred before the development of major commodity indexes. Second, average spreads decline substantially during the early and growth stages of financialization (1991-2003 and 2004-2011, respectively). The maximum decline is roughly
30-40 basis points and this occurs during the GR window. While the decline is substantial
in relative terms it is not large in absolute terms. For example, if the price of crude oil is
$60 per barrel, a 40 basis point decline in the spread is only 24 cents per barrel. Third,
there is a striking similarity in the pattern of average spreads during the early and growth
stages to the pattern of observed roll behavior shown in Figure 1. In both of these stages,

In addition, the announcement of major news (e.g., Fed policy, WASDE reports, petroleum status reports,
etc.) may overlap with roll days, but their impact is expected to be minimal for similar reasons. First, the
impacts from major news could be either positive or negative and is expected to offset each other, given that
our sample includes a diverse group of commodities for a long time period. This is one of the advantages
using an event study approach. Second, the impacts from major news, if not averaged out, should be on the
level of futures prices rather than the spread between futures prices. Given that nearby and first deferred
prices are tightly linked through storage arbitrage, the impact of major news should be differenced out in
the spread calculation.
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there were substantial drops in average spreads prior to or during the GR window, followed by gradual rebounds to near zero in the following two weeks. The V-shaped patterns in Figure 3 do not rule out a front-running impact as suggested by Mou (2011), but
they are also consistent with the alternative explanation that some commodity index traders simply rolled “early” or “late” in order to avoid the congestion and higher order flow
costs during the GR roll. Fourth, the V-shaped patterns indicate that the order flow impacts from index rolling during the early and growth stages were temporary rather than
permanent. Fifth, the V-shaped patterns also help to explain why previous time-series
regression tests (e.g., Stoll and Whaley 2010; Aulerich, Irwin, and Garcia 2014; Sanders
and Irwin 2014 2016) provide little evidence of order flow impacts from index rolling. It
is clear from Figure 3 that when there is an order flow impact it is highly non-linear. The
linear regression specifications in previous studies are unlikely to pick up this form of an
order flow impact. Sixth, average spreads are near zero in the post-financialization stage
of 2012-2019, although there is a slight upward drift post-GR in this period.
We now turn to formal statistical analysis of the behavior of spreads during the roll event
window. Table 2 presents the average change in spreads between the nearby and first
deferred contracts of index commodities. The t-statistics for the null hypothesis that the
mean change in spread is zero are computed based on Newey and West (1987) standard
errors with four lags and are provided in parentheses. The average changes in spreads
over the pre-GR, GR, and post-GR windows in the pre-financialization period of 19801990 are –2.8, 3.4, and –5.9 basis points, respectively, and are not significantly different
from zero (t-statistics of –0.61, 0.91, and –0.78). By adding up values over the three windows, we obtain an average change of –5.3 basis points in spreads over the entire event
window which is insignificant at conventional levels. The finding that spreads stay nearly
constant through the event window suggests that there are no significant roll impacts in
the pre-financialization period, which is not surprising given that the S&P GSCI had not
yet been created. As noted earlier, even without index investors, hedgers and traditional
speculators often roll their positions from the nearby contract to the first deferred contract during the event window. Our results suggest that conventional rolling activity on
the long and short side of the market is balanced, and therefore, has very little impact on
futures spreads. Consequently, this period serves as a valid control.
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In the early financialization period of 1991-2003, the average change in spreads shows a
completely different pattern over the event window (the third and fourth rows of Table 2).
The spread decreases by 16.5 and 22.1 basis points over the pre-GR and GR windows,
respectively, which are statistically significant with t-statistics of –3.86 and –5.69. The
spread bounces back and increases by 46.3 basis points over the post-GR window. This
V-shaped pattern clearly shows that the spreads decline as roll dates approach and rebound afterwards. Over the entire event window, the average change in the spread is 7.6
basis points and insignificant (t-statistic of 0.76), suggesting that the post-GR reversal
fully offsets its decline in the pre-GR and GR windows. The full reversal of spreads over
the post-GR window during 1991-2003 confirms that the identified roll impacts were temporary, which is consistent with uninformed order flows.
The results for the early stage of financialization imply that the S&P GSCI started to draw
enough investment in the early 1990s and the roll order flow demand of index investors
was surprisingly large relative to order flow supply. This is consistent with Aulerich, Irwin,
and Garcia’s (2014) finding that the CIT proportion of long open interest averaged eight
percent in 12 agricultural futures markets as early as the year 2000.
The average change in spreads during the growth stage of financialization in 2004-2011
has a similar V-shaped pattern over the event window (the fifth and sixth rows of Table
2). The spreads decrease by 32.1 and 5.6 basis points over the pre-GR and GR windows,
with the former estimate being statistically significant at the 1% level (t-statistic of –6.72).
The decrease in spreads over the pre-GR window is consistent with Mou (2011), who finds
that the spread decreases over a 15-business-day window over 2000-2010 with the last
five days being GR roll dates in selected commodity markets. However, Mou only includes pre-GR and GR windows, while our extended results show that spreads rebound
after the five-day GR roll. Specifically, the spread increases by 36.6 basis points within
the two weeks after the GR roll, which offsets the earlier decline and leaves a total change
of –1.1 basis points. The full reversal again indicates temporary roll impacts and that roll
trades are uninformed.
The most striking result in Table 2 is that the spreads no longer decrease significantly
over the event window in the post-financialization period of 2012-2019 (the seventh and
eighth rows of Table 2). The average changes in spreads over the pre-GR and GR windows
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are –3.1 and 0.2 basis points, respectively, and neither are statistically significant (t-statistics of –0.9 and 0.06), suggesting that the roll impacts found in earlier time periods
have largely disappeared. The one anomalous finding during this time period is a statistically significant increase in spreads during the post-GR window. It is not clear why this
occurs given the insignificant changes during the pre-GR and GR windows.
Overall, the results in Figure 3 and Table 2 show that spreads in commodity futures markets decrease significantly as the S&P GSCI roll dates approach and reverse back fully in
the next two weeks—supporting the existence of temporary roll impacts. More importantly, the roll impacts emerge only in the early and growth stages of financialization
(1991-2003 and 2004-2011, respectively) and then dissipate in the most recent post-financialization period (2012-2019). 12
To further confirm that the V-shaped pattern in spreads is caused by the impacts of index
roll trades, we examine spreads around the S&P GSCI roll dates for the group of out-ofindex commodities. Presumably, the spreads for out-of-index commodities should show
no differences between GR and non-GR windows since they are not covered by the index.
Table 3 presents the average change in spreads between the nearby and first deferred
contracts of out-of-index commodities. In the pre-financialization period of 1980-1990,
the spreads show an odd downward trend over the GR and post-GR windows. Otherwise,
the average changes in spread are quite small in magnitude and not significantly different
from zero except for one case where the spread increases by 7.7 basis points over the GR
window in 2004-2011. The pattern of changes in spread is also depicted in Figure 4.
There is no clear drop in the spread over the pre-GR or GR window in the early and growth
stages of financialization, in contrast to the results for index commodities (Figure 3 and
Table 2). These results provide further confirmation that the pattern in average spreads
observed for index commodities is related to rolling activity.
As a final control, we examine spreads between the second and third deferred contracts
of index commodities. We showed previously that the S&P GSCI rolling activity has an
impact on the spread between the nearby and first deferred contracts. For other deferred
12 We present results broken out by commodity sector in the Online Appendix. The analysis indicates that
S&P GSCI rolling activity has a similar impact across commodity sectors, with the exception of metals,
which show a limited impact.
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contracts that are not held by the index, the spreads should not be affected. As shown in
Table 4, the average changes in spread between the second and third deferred contracts
are not statistically different from zero in either the pre-GR, GR, or post-GR window in
1991-2003, providing no evidence of roll impacts. The spreads in 2004-2011 show a slight
decline but do not reverse in the post-GR weeks. The slight drop in spreads cannot be
associated with the S&P GSCI roll since the index does not hold those contracts; instead,
it may be caused by the roll of other commodity indexes as discussed in the Online Appendix. The spreads in 2012-2019 show an even smaller decline compared with 20042011, suggesting that the impact, whatever the source, becomes smaller in recent years.
We also examine the spreads between the third and fourth deferred contracts, the fourth
and fifth deferred contracts, and the fifth and sixth deferred contracts. The results (reported in the Online Appendix) show that the changes in spread, despite being statistically
significant in some cases, are generally small in magnitude (below 10 basis points) regardless of the window and time period. More important, the pattern in all deferred contracts is simply not consistent with the roll impacts displayed in Figure 3.

Order Flow Cost Estimates
From the perspective of index investors, order flow costs from roll trades arise implicitly
in the form of decreases in the price of the nearby contract and increases in the price of
the first deferred contract. It is common to measure such trading costs by comparing the
price for a completed trade to a pre-trade price. Here, we assume the relevant price is the
spread on day –10, which our previous results indicate has negligible impact from rolling
activity by index investors. Any changes in spreads during the event window (after day 10) imply that index investors pay extra costs to complete their roll trades. To measure
this trading cost, we compare the spread level on all event days with the starting spread
value on day –10. Specifically, the trading cost of an event day is defined as day –10’s
spread minus the spread on that day.
Two issues are presented when estimating order flow costs of index investors as opposed
to spread impacts. First, not all markets roll every month. For example, there only five
contracts per year in corn, and therefore, only five rolls per year. Second, major commodity indexes are not equal-weighted across markets. As noted earlier, the S&P GSCI is a
world-production weighted index that reflects the value of commodities flowing through
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the global economy. This results in the index being concentrated in energy products. In
order to reflect these characteristics of actual index investment, order flow costs are first
summed for each year across all contract rolls for a commodity, which accounts for the
differing number of rolls for some of the markets included in the S&P GSCI. Next, the
order flow costs for commodities in a given year are averaged using the published weights
for the S&P GSCI. We were able to obtain historical S&P GSCI weights for 2000-2019,
which means that complete sets of actual weights are used during the 2004-2011 growth
stage of financialization and the 2012-2019 post-financialization stage. During 19912003, the early financialization stage, actual weights are only available for 2000-2003,
consequently, weights for the year 2000 are used to estimate weights over 1991-1999.
This is not expected to have a material impact on the results for this period because the
weights change slowly over time.
The average order flow costs caused by index rolling during the different stages of financialization are reported in Table 5. Since we are interested in estimating order flow costs
of actual index investment, we do not include results for the pre-financialization control
period of 1980-1990, as we did in the analysis of spread impacts. In the early financialization period (1991-2003), the annual average trading costs are 0.31, 2.46, and 0.45%
over the pre-GR, GR, and post-GR windows, respectively, with all three being statistically
significant. These estimates imply that index investors, on average, paid almost 2.5% per
year to roll their positions during the GR window, even with the relatively small size of
aggregate index investment (see Figure 2) during the early phase of financialization. The
costs would have been negligible if the trades were shifted to the pre-GR or post-GR window, which demonstrates the incentives for commodity index traders to widen the rolling
window where possible. In the growth stage of financialization (2004-2011), annual average trading costs are much higher at 1.52, 4.36, and 2.05% over the pre-GR, GR, and
post-GR windows, respectively, with all three again being statistically significant. It is
noteworthy that the cost of rolling index positions during the GR window nearly doubled
in the growth stage compared to the early stage. In the post-financialization period (20122019), annual average trading costs declined dramatically to 0.29, 0.64 and 0.17% over
the pre-GR, GR, and post-GR windows, respectively, with two of the three remaining statistically significant. Even with the decline in costs, a representative index fund following
the standard 5-day GR rolling window would have absorbed 0.64% per year in roll costs,
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still a significant drag on performance considering the low expected (gross) returns on
long-only commodity investments (Irwin et al., 2020). The results for the full event window weight each day in the 25-day window equally and show an average trading cost of
0.80, 2.32, and 0.30% for the early, growth, and post-financialization stages, respectively.
Surprisingly, order flow costs in the post-financialization stage dropped well-below those
in the early stage of financialization.
Some of the average costs shown in Table 5 may seem surprisingly high in light of our
earlier point that the decline in spreads due to roll order flow trades is fairly small in absolute terms. The key is to recognize that the estimated spread impact was reported per
monthly roll, while the observations in Table 5 are cumulated over all monthly rolls for a
commodity that occur within a year. In the earlier example, a 40 basis point decline in
the spread is only 24 cents per barrel, assuming the price of crude oil is $60 per barrel.
However, this cumulates to 4.8%, or $2.88 per barrel, across the 12 monthly rolls within
a year. This illustrates how relatively small order flow impacts per monthly roll can
quickly accumulate to economically significant amounts.
We provide additional details on the evolution of order flow costs over time in Figure 5,
which shows the estimated trading costs by year for the pre-GR, GR, and post-GR windows. The annual series track one another fairly closely, with cross-correlations ranging
between 0.65 and 0.76. The most striking feature is the collapse in the level and volatility
of order flow costs during the post-financialization period. Previously, order flow costs
were much higher and much more volatile. For example, the standard deviation of annual
order flow costs in all three windows during the post-financialization stage dropped about
three-quarters compared to the growth stage. Another notable feature is the extremely
high levels of order flow costs for some years in the GR window. Each year during the
five-year period from 2002-2006, estimated order flow costs exceeded 4% per annum and
peaked at 9.3% in 2004. Costs were again very high during the GR in 2009 at 7.9%.
The next step in the analysis is to compute a weighted-average of the annual pre-GR, GR,
and post-GR costs shown in Figure 5 to estimate the total order flow costs of index investors. This requires making an assumption about the amount of roll activity in each of the
three roll windows. As discussed earlier, the only available data on the aggregate rolling
behavior of index traders is the study by Aulerich, Irwin, and Garcia (2014), who used
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non-public CFTC data on index positions in 12 agricultural futures markets over 20042009. For this sample period, they found that an average of about 25, 55, and 20% of
index roll trades were completed over the pre-GR, GR, and post-GR windows, respectively.
We use these weights as they represent the best (and only) available data. This raises the
possibility of inaccurate aggregate trading cost estimates if the weights change over time.
Fortunately, Aulerich, Irwin, and Garcia’s sample period has a considerable overlap with
the period of highest order flow costs shown in Figure 5, so one can be reasonably confident about the weights and resulting aggregate cost estimates during this higher cost period. One has less confidence regarding the weights before and after the 2004-2009 period, but this is not as much of a limitation as it may first appear since the costs for all
three roll windows are lower before 2004 and much lower after 2009. During these lower
cost periods, aggregate cost estimates will be less sensitive to assumptions regarding the
weights for each roll window. Nonetheless, it should be kept in mind that the aggregate
costs estimates are conditional on the selected weighting.
Figure 6 presents the annual estimates of aggregate roll order flow costs for index investors based on the assumption of 25, 55, and 20% of index roll activity in the pre-GR, GR,
and post-GR windows, respectively. The aggregate order flow cost from index rolling
computed in this manner is positive in 24 out of 29 years over 1991-2019 and the average
is 1.7% per year. The averages are 1.52, 3.19, and 046% per year for the pre-, growth, and
post-financialization stages, respectively (1991-2003, 2004-2011, 2012-2019). Not surprisingly, total roll order flow costs are highest over 2002-2006, when costs average 4.4%
per year. The peak in roll trading costs is 7.1% in 2004. It is noteworthy that roll order
flow costs tended to decline sharply after 2006 (with the exception of 2009). For example,
order flow costs in the 10 years from 1997-2006 average 3.2% compared to only 1.3% for
the 10 years over 2007-2016, a nearly two-thirds decline. If we consider the period from
2011-2019, average costs are even lower at 0.4% per year. This pattern is particularly
interesting since 2007-08 was the period of greatest public policy concern about the impact of financialization in commodity futures markets. At least in terms of the impact on
spreads in commodity futures markets and roll order flow costs, financialization had its
biggest impact in the five years preceding 2007-08.
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It is clear from both Figure 6 that something dramatic happened to the order flow costs
of index investors starting around 2007. Either the liquidity demand of index investors
decreased, the supply of liquidity in commodity futures markets increased, or some combination of the two. We start with a discussion of possible changes in the liquidity demand
of index investors. To begin, it makes sense that order flow demand pressure from index
investors lessened during the post-financialization period. Figure 2a shows that total index investment declined rather sharply after 2011 before recovering somewhat starting in
2016. However, this is challenged by the fact that the downward trend in roll order flow
costs actually began much earlier, around 2007, and early in the period of the most rapid
growth in index investment. Since the start of the downward trend in order flow costs
preceded the decrease of index investment by several years, this suggests other demand
or supply factors are likely at work. As a final point in this regard, order flow costs remained very low despite the rebound in total index investment that started in 2016. 13
Another possible demand-side explanation is a change in the nature of order flow demand
from index investors. Specifically, index investors may have reacted to the relatively high
order flow costs before 2007 by altering roll strategies. This could have taken several
forms, including a shift of rolling activity outside of the GR window to the pre- and postGR windows, rolling less frequently, rolling outside of the 25-day window considered in
this study, and adopting a less mechanical and more active rolling strategy. The latter
change has been referred to as “smart” rolling strategies associated with second and third
generation commodity indexes (Miffre 2012, Fethke and Prokopczuk 2018). These newer
commodity indexes base roll strategies on contango and backwardation in the term structure of futures prices. It is undoubtedly the case that changing roll strategies could have
contributed to the downward trend in roll order costs that started in 2007. However,
there are some limits to how much changing roll strategies could have impacted order
flow costs, particularly in the post-financialization period. As shown in Figure 5, roll order flow costs for all three roll windows (pre-GR, GR, and post-GR) fell precipitously and

13 Because the actual quantity of funds tied directly to the S&P GSCI is unknown, we also checked the assets
under management of the iShares S&P GSCI Commodity-Indexed Trust, the largest ETF that tracks the
S&P GSCI. The fund’s total assets decreased from $1.34 billion in early 2012 to $0.68 billion in early 2016
but bounced back to $1.48 billion in mid-2018. Hence, the pattern is similar to that reported in Figure 2a.
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the range across the windows narrowed considerably during this stage. The implication
is that there was a limited scope for reducing order flow coasts by shifting rolling activities
outside of the GR. There is also no publicly-available data that documents widespread
adoption of second and third generation commodity indexes.
We can now move on to consideration of possible supply-side explanations for the sharp
decline in roll order flow costs starting in 2007. But before pursuing those explanations,
it is useful to point out that there is a logical supply-side explanation for the large upward
spike in roll order flow costs during 2009 that is shown in Figure 6. The Lehman Brothers
financial crash in September 2008 and the Great Recession that followed represented a
huge economic shock. Large economic shocks like this are often associated with a reduced
supply of liquidity and higher order execution costs (e.g., Etula 2013; Erdogan, Bennett,
and Ozyldirim 2015). Hence, it is not surprising that order flow costs for index investors
spiked upward in 2009. Notice that order flow costs in Figure 6 quickly returned to their
previous downward trend once the economic shock receded.
The first supply-side explanation for the downward trend in roll order flow costs after
2007 is based on the theory of sunshine trading (Admanti and Pfleiderer 1991). This theory asserts that predictable order flows, like those from index rolling, attract additional
liquidity suppliers, and hence, have modest and temporary price effects. Based on this
theory, Bessembinder (2015) argues that predictable order flows should have a declining
price impact over time as they become better understood by market participants. Wang,
Garcia, and Irwin (2014) favor this explanation for the slight decline in bid-ask spreads
during the GR they find in the corn futures market over January 2008 through January
2010. Yan, Irwin, and Sanders (2021) report that the price impact of annual commodity
index rebalancing diminishes over time in commodity futures markets and argue this is
also consistent with a sunshine trading effect. Along similar lines, the overall decline in
order flow costs associated with index rolling highlighted in Figure 6 could be associated
with an increased supply of liquidity driven by a sunshine trading effect. However, the
question of timing once again presents something of a challenge. While it makes sense
that it would take some time for liquidity suppliers in commodity futures markets to understand and respond to the order flow demand from index investors, it is not clear why
there would be such a sudden response starting around 2007, given that index rolling had
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been much-publicized and discussed in the marketplace for a number of years before this.
Still, it seems reasonable to conclude that a sunshine trading effect contributed to the
decline in roll order flow costs.
A second supply-side explanation is based on the transition from open outcry pit trading
to electronic trading in commodity futures markets, which in turn led to a large increase
in the supply of liquidity. Irwin and Sanders (2012) document the rapid transition from
pit to electronic trading in agricultural futures markets. For example, over 80% of trading
volume in the soybean futures market migrated to the electronic platform in the 18months between July 2006 and December 2007. A similar pattern was observed in other
commodity futures markets. For example, Boyd and Kurov (2012) show that about 60%
of volume in four energy futures markets—WTI crude oil, heating oil, gasoline, and natural gas—had migrated to electronic trading by the end of 2006, and electronic trading
volume exceeded 90% in 2008. The transition to electronic trading lines up nicely with
the start of the downward trend in order flow costs that began in 2007. It is also consistent with other evidence in the literature that the transition dramatically improved
market quality and lowered transaction costs in commodity futures markets (Boyd and
Kurov 2012) and stock markets (Menkveld 2016). Another observation favouring this
explanation is that the transition to lower roll order flow costs that began in 2007 was
permanent, consistent with a major one-time structural change. In sum, it is likely that
the increase in the supply of liquidity that accompanied the move to electronic trading in
commodity futures markets was an important contributor to the decline of roll order flow
costs over time.
In sum, there is no single demand or supply of liquidity explanation that entirely accounts
for the large decline in roll order flow costs of index investments that started in 2007. On
the demand-side, both the decline in the overall size of index investment and strategies
to ameliorate demand pressure from index rolling likely had some impact. However,
these same demand-side factors are confronted by challenges in terms of timing or scope.
On the supply-side, there is considerable evidence that a sunshine trading effect and the
transition to electronic trading dramatically increased the supply of liquidity in commodity futures markets and these were the dominant factors driving the decline in roll order
flow costs.
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As a final step in the analysis, we follow Mou (2011) and combine information on the estimated order flow costs with the size of index investment in commodity futures markets
to provide an estimate of the total dollar size of the order flow cost associated with rolling.
This is obtained by multiplying the annual average order flow costs (in percent and presented in Figure 6) by the total dollar investment in commodity index funds for that same
year (Barclays found in Figure 2(a)). Since the Barclay’s data is not available for 2018 and
2019, for the purposes of this exercise we assume investment is the same for those years
as in 2017. The result of this computation is that commodity index investors paid an estimated total of $29 billion in order flow costs during monthly rolls over 1991-2019. This
total was heavily concentrated in the growth period of financialization when investment
and percentage order flow costs were both large. The total order flow costs in the growth
phase over 2004-2011 was an astounding $23 billion, or an average of $2.9 billion per
year. By any reasonable standard, these costs represented a major drag on the performance of commodity index investments during this time period. With order flow costs of
this magnitude, it is no wonder that supplying liquidity to index investors at the time was
described in the financial press as “taking candy from a baby” (Meyer and Cui 2009).
Average annual order flow costs declined to $474 million during the post-financialization
years from 2012-2019. The over 80% decline in average dollar order flow costs from index
rolling is further evidence of the dramatic increase in the supply of liquidity in commodity
futures markets associated with a sunshine trading effect and the transition to electronic
trading.

Conclusions
We examine the evolution of order flow costs caused by index rolling in commodity futures markets. The analysis focuses on the S&P GSCI because it is the first major investable commodity index and a benchmark for investment in commodity futures markets.
Investors tracking the S&P GSCI sell the nearby futures contract and buy the next deferred contract over a five-day window from the 5th through the 9th business day of each
month, known as the Goldman roll (GR). Rolling of index positions is a major event in
commodity futures markets because the entirety of index investment is rolled from one
contract maturity to the next, and this can surpass a billion dollars of notional value in
individual commodity futures markets (Stoll and Whaley 2010).
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The empirical analysis examines the daily spread in prices between the nearby and the
next deferred month contract for 19 commodity futures included in the S&P GSCI over
the 40-year period from 1980-2019. In the presence of an order flow impact, nearby
prices should be pushed down by roll sell orders and next deferred contract prices should
be pushed up by roll buy orders—resulting in a decrease in the spread between the nearby
and the deferred contract (nearby minus deferred). We find that the spread between
nearby and deferred futures prices decreases significantly in the early (1991-2003) and
growth (2004-2011) phases of financialization, with the spreads reversing back over the
post-GR period. The maximum decline is roughly 30-40 basis points during the GR window. The reversal shows that the order flow impact of index roll trades is temporary.
Spread impacts decline substantially in the post-financialization period (2012-2019).
It is estimated that commodity index investors paid a total of $29 billion in order flow
costs during monthly rolls over 1991-2019. This was heavily concentrated in the growth
period of financialization over 2004-2011 when order flow costs totaled an astounding
$23 billion, or an average of $2.9 billion per year. By any reasonable standard, these costs
represented a major drag on the performance of commodity index investments during
this time period. Average annual order flow costs declined to $474 million during the
post-financialization years from 2012-2019. The over 80% decline in average dollar order
flow costs from index rolling is indicative of a dramatic increase in the supply of liquidity
in commodity futures markets associated with a sunshine trading effect and the transition
to electronic trading.
Our results have three important implications for investors, traders, and policymakers.
First, the performance of commodity index investments was disappointing through the
early and growth stages of financialization (1991-2011). More to the point, Moran, Irwin,
and Garcia (2020) show that index funds were the biggest losers in commodity futures
markets during the 2000s. The high order flow cost of rolling during this period certainly
was a major drag on returns and contributed to the poor investment performance. Now,
these same index funds may find performance somewhat closer to expectations as roll
costs have diminished. Second, as the documented order flow cost of rolling has dissipated, so has the need to roll outside of the typical five-day GR window. That is, with the
increase in the supply of liquidity, funds that moved rolling outside of their benchmark
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index’s official window may want to shift back. At present, they can do so at no additional
rolling costs while minimizing tracking errors. Third, the results may have important
ramifications for other commodity investors and traders. In particular, new investment
vehicles—such as commodity indexes in the 1990’s—may need to initially lower projected
investment returns as order flow costs may exceed expectations until sufficient liquidity
is available in the marketplace.
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(a) Changes in net long positions by commodity index traders

(b) Average changes in positions by a private index fund for 2007-2012

Figure 1. Changes in index positions around the Goldman roll
Notes: Figure 1(a) shows the changes in net long positions held by index traders in the December
2004 and December 2008 corn futures contracts. This is a reprint of Aulerich, Irwin, and Garcia’s
(2014) Figure 3 using daily index positions from the CFTC LTRS data. Figure 1(b) shows the
average changes in positions by a large private index fund in WTI crude oil and all commodities
it tracks for 2007-2012. The source for this data is Sanders and Irwin (2014). Days 0 to 4 represent the Goldman roll (GR) window, ranging from the 5th through the 9th business of each month.
Days –10 to –1 represent the 10 business days prior to the GR window and Days 5 to 14 represent
the 10 business days after the GR window.
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(a) Index investment in all major U.S. futures markets

(b) Index investment in 12 agricultural futures markets

Figure 2. Notional value of commodity index investment
Notes: The notional value of commodity index investment in major U.S. futures markets is provided by Barclays for 1991-2017. The agricultural index investment is calculated based index positions from the CFTC SCOT report, which is publicly available for 2006-2019. The data for 20002005 are provided by Aulerich, Irwin, and Garcia (2014). The index investment in all major futures markets is available from CFTC IID reports from December 2007 to October 2015.
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Figure 3. Average spreads between the nearby and first deferred contracts of
index commodities around the Goldman roll in four time periods
Notes: The spread is the difference in log prices between the nearby and first deferred contracts
(nearby minus deferred) of the 19 index commodities. Each month, the spreads of each event day
are normalized by subtracting day –10’s spread, which are averaged over commodities whose positions will be rolled. The monthly normalized spreads are then averaged over months/rolls
within a time period. The spreads are in basis points. Days 0 to 4 represent the Goldman roll
(GR) window, ranging from the 5th through the 9th business of each month. Days –10 to –1 represent the 10 business days prior to the GR window and Days 5 to 14 represent the 10 business days
after the GR window. The sample period is from 1980 to 2019.
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Figure 4. Average spreads between the nearby and first deferred contracts of
out-of-index commodities around the Goldman roll in four time periods
Notes: The spread is the difference in log prices between the nearby and first deferred contracts
(nearby minus deferred) of the 17 out-of-index commodities. Each month, the spreads of each
event day are normalized by subtracting day –10’s spread, which are averaged over commodities
whose positions will be rolled. The monthly normalized spreads are then averaged over
months/rolls within a time period. The spreads are in basis points. Days 0 to 4 represent the
Goldman roll (GR) window, ranging from the 5th through the 9th business of each month. Days –
10 to –1 represent the 10 business days prior to the GR window and Days 5 to 14 represent the 10
business days after the GR window. The sample period is from 1980 to 2019.
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Figure 5. Annual order flow costs over the pre-GR, GR, and post-GR periods
Notes: For each event day, order flow cost is measured as day –10’s spread minus the spread on
that day. The trading cost over a window (pre-GR, GR, or post-GR) is the average of daily cost
over days within the window. For each commodity, the order flow cost is accumulated over rolls
within each year to generate annual trading costs. Each year, a weighted average of the annual
trading costs is calculated over commodities with weights equal to the S&P GSCI weights. These
are the estimates shown in the figure. The S&P GSCI weights are available for 2000-2019; the
trading costs for 1991-1999 are calculated based 2000’s weights. The five-day GR window ranges
from the 5th through the 9th business of each month. The pre-GR window includes the ten business
days prior to the first roll date. The post-GR window includes the ten business days after the last
roll date. The trading costs are in percentages per year.

32

Figure 6. Annual order flow costs due to commodity index rolling
Notes: For each event day, order flow cost is measured as day –10’s spread minus the spread on
that day. The trading cost over a window (pre-GR, GR, or post-GR) is the average of daily cost
over days within the window. We assume that 55 percent of positions are rolled during the GR
window, 25 percent during the pre-GR window, and 20 percent during the post-GR window. For
each commodity, the order flow cost associated with a roll is a weighted average of the costs over
the three windows and the costs are accumulated over rolls within each year to generate annual
trading costs. Each year, a weighted average of the annual trading costs is calculated over commodities with weights equal to the S&P GSCI weights. These are the estimates shown in the figure.
The S&P GSCI weights are available for 2000-2019; the trading costs for 1991-1999 are calculated
based 2000’s weights. The five-day GR window ranges from the 5th through the 9th business of
each month. The pre-GR window includes the ten business days prior to the first roll date. The
post-GR window includes the ten business days after the last roll date. The trading costs are in
percentages per year.
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Table 1. Commodity Futures in and out of the S&P GSCI

Energy

Metals

Grains

Softs

Livestock

Commodities in the S&P GSCI
Commodity
Entry year
Crude Oil (WTI)
1987
Heating Oil #2
1983
Gasoline
1988
Crude Oil (Brent)
1999
Gasoil
1999
Natural Gas
1994
Gold
1978
Silver
1973
Corn
Soybeans
Wheat (Chicago)
Wheat (Kansas)

1970
1970
1970
1999

Cocoa
Coffee “C”
Cotton #2
Sugar #11
Live Cattle
Feeder Cattle
Lean Hogs

1984
1981
1977
1973
1970
2002
1976

Commodities out of the S&P GSCI
Commodity
List year
2003
Electricity, PJM
2005
Ethanol
1987
Propane

Copper
Palladium
Platinum
Oats
Rough Rice
Soybean Meal
Soybean Oil
Wheat, Spring
Lumber
Orange Juice
Sugar, White

1959
1977
1968
1959
1986
1959
1959
1970
1969
1967
1990

Butter
Milk, Class III
Pork Bellies

1996
1996
1966

Notes: This table lists 19 commodities included in the S&P GSCI and 17 commodities out of the
index. Enter year refers to the year that a commodity entered the index. List year refers to the year
that futures contracts of a commodity were listed. Unleaded gasoline futures were replaced by
RBOB gasoline futures in October 2005 and the S&P GSCI transitioned from unleaded to RBOB
in 2007. Lean hog futures replaced live hog futures in February 1997. Pork bellies futures were
delisted in July 2011. Propane futures were delisted in October 2010.
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Table 2. Average Changes in Spread between the Nearby and First Deferred
Contracts of Index Commodities
Period
1980-1990

# of rolls
132

1991-2003

156

2004-2011

96

2012-2019

96

1991-2019

348

Pre-GR
-2.8
(-0.61)
-16.5***
(-3.86)
-32.1***
(-6.72)
-3.1
(-0.90)
-17.1***
(-6.07)

GR
3.4
(0.91)
-22.1***
(-5.69)
-5.6
(-1.24)
0.2
(0.06)
-11.4***
(-4.25)

Post-GR
-5.9
(-0.78)
46.3***
(5.54)
36.6***
(7.75)
15.9***
(4.11)
35.2***
(8.07)

Full
-5.3
(-0.55)
7.6
(0.76)
-1.1
(-0.15)
13.0***
(2.57)
6.7
(1.29)

Notes: The table presents the average changes in spread between the nearby and first deferred
contracts (nearby minus deferred) of index commodities. The change in spread of a commodity
for a given window (pre-GR, GR, post-GR) is calculated based on Equation (2). The last column
reports the total change in spread over the entire event window. For each month/roll, changes in
spread are averaged over commodities whose positions will be rolled. The monthly changes in
spread are then averaged over months within a time period. The GR window ranges from the 5th
through the 9th business day of each month. The pre-GR window includes the 10 business days
prior to the first roll date. The post-GR window includes the 10 business days after the last roll
date. Changes in spread are in basis points. The t-statistics in parentheses are computed based
on Newey-West standard errors with four lags. *, **, *** indicate significance at the levels of 10%,
5%, and 1%, respectively.
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Table 3. Average Changes in Spread between the Nearby and First Deferred
Contracts of Out-of-Index Commodities
Period
1980-1990

# of rolls
132

1991-2003

156

2004-2011

96

2012-2019

96

1991-2019

348

Pre-GR
3.0
(0.33)
1.3
(0.22)
-3.7
(-0.64)
0.9
(0.12)
-0.1
(-0.05)

GR
-10.9**
(-1.98)
1.5
(0.34)
7.7*
(1.72)
8.3
(1.06)
5.1
(1.58)

Post-GR
-23.2***
(-2.73)
-0.4
(-0.04)
13.1
(1.51)
-12.8
(-0.75)
-0.1
(-0.02)

Full
-30.7**
(-2.08)
2.4
(0.17)
17.2
(1.45)
-3.3
(-0.12)
4.9
(0.48)

Notes: The table presents the average changes in spread between the nearby and first deferred
contract (nearby minus deferred) of the 17 commodities that are not included in the S&P GSCI.
The change in spread of a commodity for a given window (pre-GR, GR, post-GR) is calculated
based on Equation (2). The last column reports the total change in spread over the entire event
window. For each month/roll, changes in spread are averaged over commodities whose positions
will be rolled. The monthly changes in spread are then averaged over months within each time
period. The GR window ranges from the 5th through the 9th business day of each month. The preGR window includes the 10 business days prior to the first roll date. The post-GR window includes
the 10 business days after the last roll date. Changes in spread are in basis points. The t-statistics
in parentheses are computed based on Newey and West (1987) standard errors with four lags. *,
**, *** indicate significance at the levels of 10%, 5%, and 1%, respectively.
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Table 4. Average Changes in Spread between the Second and Third Deferred
Contracts of Index Commodities
Period
1980-1990

# of rolls
132

1991-2003

156

2004-2011

96

2012-2019

96

1991-2019

348

Pre-GR
-1.8
(-0.58)
-1.6
(-0.60)
-10.2***
(-3.36)
-7.5***
(-3.09)
-5.6***
(-3.39)

GR
5.2**
(2.12)
3.4
(1.29)
-2.4
(-1.19)
-2.4
(-1.63)
0.1
(0.13)

Post-GR
-3.1
(-1.00)
-3.1
(-0.98)
-6.0
(-1.43)
-1.9
(-0.59)
-3.6*
(-1.74)

Full
-0.0
(-0.01)
-1.4
(-0.26)
-18.6***
(-4.06)
-11.9***
(-2.39)
-9.0***
(-2.86)

Notes: The table presents the average changes in spread between the second and third deferred
contracts (second minus third) of index commodities. The change in spread of a commodity for
a given window (pre-GR, GR, post-GR) is calculated based on Equation (2). The last column reports the total change in spread over the entire event window. For each month/roll, changes in
spread are averaged over commodities whose positions will be rolled. The monthly changes in
spread are then averaged over months within each time period. The GR window ranges from the
5th through the 9th business day of each month. The pre-GR window includes the 10 business days
prior to the first roll date. The post-GR window includes the 10 business days after the last roll
date. Changes in spread are in basis points. The t-statistics in parentheses are computed based
on Newey and West (1987) standard errors with four lags. *, **, *** indicate significance at the levels
of 10%, 5%, and 1%, respectively.
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Table 5. Average Order Flow Costs Due to Commodity Index Rolling
Period
1991-2003
2004-2011
2012-2019
1991-2019

Pre-GR
0.31**
(2.33)
1.52***
(4.00)
0.29***
(3.25)
0.64***
(2.72)

GR
2.46***
(4.50)
4.36***
(3.84)
0.64**
(2.17)
2.48***
(3.58)

Post-GR
0.45*
(1.86)
2.05**
(1.96)
0.17
(1.38)
0.81**
(1.99)

Full
0.86***
(4.20)
2.32***
(2.95)
0.30**
(2.14)
1.11***
(2.89)

Notes: The table presents the average trading costs of rolling positions around the Goldman roll
dates in three time periods. The trading costs are in percent per year. For an event day, the
trading cost is measured as day –10’s spread minus the spread on that day. The trading cost of
rolling positions over a window (pre-GR, GR, post-GR, and full) is an average of daily costs over
days within the window. For a commodity, the trading cost is accumulated over rolls within each
year to generate annual trading costs. We calculate a weighted average of annual trading costs
over commodities with weights equal to the S&P GSCI weights each year and report their averages
over years within each time period. The S&P GSCI weights are available for 2000-2019; the trading costs for 1991-1999 are calculated based 2000’s weights. The GR window ranges from the 5th
through the 9th business day of each month, indexed by days 0 to 4. The pre-GR window includes
the ten business days prior to the first roll date, indexed by days –10 to –1. The post-GR window
includes the ten business days after the last roll date, indexed by days 5 to 14. Full represents the
full event window from days –10 to 14. The t-statistics in parentheses are computed based on
Newey-West standard errors with four lags. *, **, *** indicate significance at the levels of 10%, 5%,
and 1%, respectively.
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