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Contango in Cushing?
Evidence on Financial-Physical Interactions in the U.S. Crude Oil Market

Abstract

We revisit an unresolved question that lies at the heart of the debate on the influence of financial
speculators on spot oil prices and in which interest has intensified following the 2007-2008 oil price
spike — whether there is a viable and active cash and carry market in crude oil. We study the
relationship between U.S. crude oil inventories and the spread between WTI crude oil futures, while
carefully accounting for the links between the U.S. and global oil markets, controlling for supply and
demand shocks that affect both prices and inventories, and allowing for inventory response time lags.
We find that over the 2004-2011 period, crude oil inventories at Cushing were a significant positive
function of the spread between the two- and one-month NYMEX WTI crude oil futures with a lag. Over
the 1992-2004 period (before Cushing inventories were reported separately), total U.S. non-SPR
inventories and inventories in the PADD?2 district (which includes Cushing) were positive functions of
lagged spreads. However, over the 2004-2011 period, neither total U.S. non-SPR inventories nor
PADD?2 inventories were significant functions of the spread once Cushing inventories were excluded.
These findings are consistent with Cushing being the WTI pricing and physical settlement hub. None of
the other four PADD inventories are significantly related to the spread over either period, which may
reflect significant limits to financial arbitrage at locations away from Cushing. Current crude oil
inventories appear to be influenced by spreads over the last eight weeks, which suggests that current
spreads likely lead to contracts for forward delivery that do not result in a change in actual inventory
levels until delivery occurs sometime in the future. We further find evidence that total U.S and most
individual PADD inventories (but not at Cushing) are a negative (positive) function of the change in
current (next week) refinery inputs and a positive (negative) function of the current (next week)
imports, indicating that storage operators are able to partially anticipate crude oil shortages and
surpluses, and adjust their inventories accordingly. These findings establish, to our knowledge, the first
tangible evidence documented in the literature of a causal link between oil futures and spot markets via
inventory changes resulting from cash and carry arbitrage, and provide an important foundation for
future research on the impact of financial traders on the spot markets, especially the twin questions of
(a) whether financial traders exacerbate or attenuate spot price volatility, and (b) whether they
systematically affect the spot oil price level.

JEL Classifications: oil prices, spot oil markets, oil futures markets, oil storage, cash & carry arbitrage,
speculation, index investors.

Keywords: G13, G18, Q41.
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Contango in Cushing?
Evidence on Financial-Physical Interactions in the U.S. Crude Oil Market

1. Introduction

While there has been considerable focus, especially in the aftermath of the 2007-08 oil price spike,
on the role of financial speculators in influencing oil prices,* a question that lies at the heart of this debate -
- how oil futures trading is related to spot oil prices — remains unresolved. A financial speculator who
expects future oil prices to rise and wants to take a speculative position based on this expectation would
typically go long in financial futures contracts. An index investor who wants to invest in oil will take a
similar long position in futures contracts, which would be rolled over periodically.? If such speculative or
investment activity increases the futures price sufficiently relative to the prevailing spot price,® a rational
market response would be for arbitrageurs to step in to buy oil in the spot market and store it while
simultaneously selling futures.* This “cash and carry” (C&C) arbitrage provides the mechanism that links
oil futures and spot markets, since the withdrawal of oil from the market by arbitrageurs will cause spot
prices to also increase.” Accordingly, a number of studies argue that if financial speculators or index

investors drive up futures prices that, in turn, elevates spot oil prices above the level dictated by supply-

! See, for example, U.S. Senate Permanent Subcommittee on Investigations (2006), Masters (2008), Einloth (2009),
Kaufmann and Ullman (2009), Sornette, Woodard, and Zhou (2009), Phillips and Yu (2010), Parsons (2010), and
Singleton (2011).

2 See, for example, Masters (2008).

® Singleton (2011) provides evidence of a significant effect of such investor flows on futures prices during the 2006-
2010 period.

* This argument stems from standard financial market theory (reviewed in section 2) -- arbitrageurs have an incentive
to simultaneously sell futures and buy oil in the spot market and put it in storage when the futures price exceeds the
spot price by enough to cover net carrying costs (storage plus financing costs minus convenience yield), resulting in a
riskless profit.

® Of course, in theory, financial speculators betting on a price run-up could also directly accumulate crude oil
inventories, which would also increase spot oil prices. In practice, the higher financial leverage and lower transactions
costs of trading futures relative to physical oil makes it much more likely that pure financial speculators will employ
futures.
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demand fundamentals, such an elevation in the oil price should be accompanied by a build-up in oil
inventories.®

However, the available evidence of such an inventory build-up during the sharp 2007-08 oil price
increase is mixed at best. Studies by the International Energy Agency (IEA) (2008), International
Monetary Fund (IMF) (2008), and Organization for Economic Co-operation and Development (OECD)
Working Party on Agricultural Policies and Markets (2010) find no evidence of a speculative increase in
crude oil inventories in 2007-2008. The Interagency Task Force on Commodity Markets (ITFCM) (2008)
argues that oil inventories were near historical levels in 2006-2008, while Hamilton (2009) concludes “in
late 2007 and the first half of 2008, when the [oil] price increases were most dramatic, inventories were
significantly below normal.” Krugman (2008) makes the same point regarding the 2008 price run-up but
does believe speculation contributed to higher prices in 2009 (Krugman, 2009). On the other hand, the U.S.
Senate Permanent Subcommittee on Investigations (2006) argues that the behavior of inventories was
consistent with speculation impacting cash prices and Einloth (2009) argues in support of a speculative
build-up of inventory that accompanied the 2008 increase of oil prices from $100 to $140 a barrel but not
during the preceding period.

The prerequisite for an inventory build-up as predicted above is a viable and active C&C market in
crude oil. The existence of such a market cannot be simply assumed since there are many limits to
arbitrage that would impede the functioning of such a market, such as the unavailability of non-operational
storage (i.e., storage that is not reserved for operating purposes), pipeline and other transportation
constraints, and financing barriers.” To our knowledge, there has been no in-depth research on the
existence and functioning of a C&C market in oil, i.e., how oil inventories respond to changes in the

futures-spot price spread, which should be the mechanism connecting financial market speculation and

® See, for example, ITFCM (2008), IMF (2008), IEA (2008), Krugman (2008), Hamilton (2009), Irwin, Sanders, and
Merrin (2009), Smith (2009), and Kilian and Murphy (2010).

" See, for example, Shleifer and Vishny (1997), Etula (2010), and Acharya, Lochstoer, Ramadorai (2011).
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spot oil prices.

This study focuses on the causal relationships between oil spot prices, futures prices and storage,
specifically how storage is impacted by contango versus normal backwardation in oil futures prices. In
other words, the study examines the relation between oil inventories and the spread between crude oil
futures contracts.® Gaining an in-depth knowledge of this relationship is an important topic for academics,
energy companies and traders, policymakers, regulators, as well as the general public, since it can deepen
our understanding of the factors that move oil prices. No direct connection exists between the financial
futures and physical spot prices of crude oil as contracts are rarely settled through delivery (Smith, 2009;
IEA, 2008). The physical crude oil market is a highly competitive market in which prices are set by supply
and demand. Thus, if crude oil futures trading impacts physical prices, it must do so by impacting either
the physical supply or the physical demand. This puzzle of showing how financial futures influence
physical spot prices is highlighted by Hamilton (2009), who notes that “The key intellectual challenge for
such an explanation [of how future prices influence the associated spot commodity] is to reconcile...the
price path with what is happening to the physical quantities of petroleum demanded and supplied.” Thus,
the financial futures market influences the physical spot prices by altering either the real physical demand
or supply of crude oil. This study tests whether this influence can be traced through inventories. Smith
(2009) advocates that, “The only avenue by which speculative trading might raise spot prices is if it incites
participants in the physical market to hold oil off the market — either by amassing large inventories or by
shutting in production.” This paper tests if crude oil inventories increase (decrease) when the futures
spread is positive (negative).

While the relation between futures spreads and inventory is not his primary focus, Singleton

(2011) provides preliminary evidence of an active U.S. C&C market by graphing the relationship between

® From here on out when we refer to spread, we mean the spread between two crude oil contracts of different
maturity. Typically, we will be referring to the spread between the two- and the one-month crude future contracts.
The reasoning for this selection is provided in Section 3.2.1. The results of the study hold with other spread
specifications also; in particular, the spread between the one-month future and the spot price, as well as the spread
between the three- and one-month crude future contracts.
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the spread across two- and four-month futures prices and the level of U.S. crude oil inventories, which
suggests a tendency throughout the 2004-2009 period for inventories to increase when the futures market is
in contango.® He notes also that this graphical pattern is even stronger when inventory levels from Cushing
or Petroleum Administration for Defense District 2 (PADD2), the district which includes Cushing, are
used. However, while he includes inventory changes as a conditioning variable in his formal analysis, he
finds that the explanatory power is weak.

Einloth (2009) evaluates the relationship between spreads and inventories in his study of the role
of speculation in the 2008 oil price behavior. However, he does not use inventories directly but rather the
convenience yield as a proxy for inventories, derived from the prices of Brent crude oil futures.
Additionally, in using the pricing of Brent futures to predict U.S. crude oil inventories, Einloth (2009)
assumes a frictionless global oil market that, as our results suggest, may not be valid even within the
continental U.S. In contrast, we minimize the effect of basis issues in our study by using the West Texas
Intermediate (WT]I) futures spreads to predict U.S. crude oil inventories, while carefully accounting for
international oil flows that link the U.S. market with the global market. Doing so also minimizes the effect
of storage measurement errors highlighted by Einloth (2009) and Singleton (2011). Additionally, we
include controls that impact inventory levels and prices, such as supply and demand shocks, and other
factors that influence inventories directly. We also perform a comprehensive analysis of which futures
prices matter and which inventories are impacted, and investigate whether inventory levels adjust
immediately to predicted levels or do so with a time lag. We therefore extend the current literature on
inventories, spreads and the arbitrage role of inventories.

We find that over the 2004-2011 period crude oil inventories at Cushing were a significant positive
function of the spread between the two- and one-month New York Mercantile Exchange West Texas

Intermediate (NYMEX WTI) crude oil futures with a lag. We also find that over the 1992-2004 period

® Singleton’s (2011) focus is on explaining returns in crude oil futures markets, which he shows were significantly
affected by investor flows (specifically index investors and managed-money accounts) into the oil futures markets
around the time of the 2008 oil price spike.
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(before the Cushing inventories were reported separately), total U.S. non-Strategic Petroleum Reserve
(SPR) inventories and PADD?2 inventories were positive functions of lagged spreads. However, over the
2004-2011 period, neither total U.S. non-SPR inventories nor PADD2 inventories are significant functions
of the spread once Cushing inventories are removed. None of the other four PADD inventories are
significantly related to the spread over either period. Current crude oil inventories appear to be influenced
by spreads over the last eight weeks or so. Our interpretation of this finding is that current spreads likely
lead to contracts for forward delivery which do not result in a change in actual stock levels until delivery
occurs sometime in the future. We observe basically the same results whether examining inventory levels
or changes, and these results remain robust when we use different measures of the spread. We further find
evidence that total U.S and most individual PADD inventories (but not at Cushing) are a negative
(positive) function of the change in current (next week) refinery inputs and a positive (negative) function
of the current (next week) imports. These results indicate that storage operators are able to partially
anticipate crude oil shortages and surpluses and adjust their inventories accordingly. These findings
establish, to our knowledge, the first tangible evidence documented in the literature of a causal link
between oil futures and spot markets via inventory changes resulting from arbitrage, and raise several
important questions for future research. In particular, our findings suggest that it would be fruitful for
researchers looking to understand the impact of financial traders on the spot markets, especially the twin
questions of (a) whether financial traders exacerbate or attenuate spot price volatility, and (b) whether they
systematically affect the spot oil price level, to study the behavior of the C&C market over time.

We review the theoretical foundations of our study and discuss their empirical implications in the
next section. We discuss our data and methodology in Section 3 and present our estimation of the crude oil
inventory adjustment lag structure in Section 4. Our main results are presented in Section 5 and our

robustness checks are in Section 6. Section 7 concludes.
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2. The theoretical link between inventories and the futures-spot spread, and empirical implications

Inventories are connected to the spread through what is known as cash-and-carry (C&C) arbitrage.
If the current (time t) futures price for delivery at time t+s, F(t,t+s), exceeds the current spot price, S(t), by
more than the cost of storing oil from t to t+s (including transaction costs and net of any convenience
yield) plus interest, SC(t, t+s), arbitrageurs can make a riskless profit by buying oil in the spot market for
S(t), simultaneously shorting the futures contract at price F(t,t+s), and storing the oil. At time t+s, they can
deliver on the futures contract collecting F(t, t+s).'° Their time t+s profits adjusting for interest costs on the
time t expenses are F(t,t+s) — [S(t)+SC(t,t+s)](1+r)°.** For example, if crude oil spot price is $90, the one
month futures price is $100 and the cost of storage is $6; it would make sense to sell the futures contract,
purchase spot crude oil and store it for a month and then deliver on their futures contract, at a profit of
about $4 per trade. Such arbitrage is profitable and oil inventories would be expected to rise at time t and
fall at time t+s when

F(t,t+s) > [S(t)+SC(t,t+s)](1+r)°.

This issue is important because it is the nexus between oil futures trading and physical oil prices. If
we accept that physical energy prices, e.g., gasoline at the pump or oil at the wellhead, are determined by
supply and demand, then C&C arbitrage is the mechanism through which futures market speculation could
impact physical or spot prices.? If futures speculation pushes the futures price up enough to set off the
arbitrage described in the previous paragraph, then the demand for oil and the spot price will tend to rise at
time t when arbitrageurs buy oil to put into storage, and fall at time t+s when the oil comes out of storage
thereby increasing the supply on the spot market.

While we have discussed C&C arbitrage from the point of view of a pure arbitrageur, a similar

1 Due to convergence at maturity, actual delivery on the futures contract is not necessary. Arbitrage profits are
approximately the same if the arbitrageur longs the futures contract at time t+s and sells in the spot market.

1 This specification assumes the storage costs are paid at time t.

12 Futures prices could also influence long-run supply by impacting drilling activity today or long-run demand by
impacting conservation decisions but C&C arbitrage is the main short-run connection.
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relationship holds for oil companies, pipelines, and others in the oil industry. When F(t,t+s) >
[S(t)+SC(t,t+s)](1+r)°, oil companies and others have an incentive to store and sell oil forward rather than
sell in the spot market. Likewise, if F(t,t+s) is far below [S(t)+SC(t,t+s)](1+r)° they have an incentive to
draw down inventories by selling at time t. As noted above, SC(t, t+s) is net of any convenience yield,
which is more important for oil firms. Producers, refiners, and marketers hold working inventories as
buffers against supply interruptions and fluctuations in demand. When inventory levels are low, they run
the risk of a stop-out or shortage. Thus there is an advantage or convenience yield to holding inventory. As
inventories are reduced, the risk of a stop-out rises, raising the convenience yield and lowering SC(t,t+s).
When inventories increase, the risk of a stop-out falls, lowering the convenience yield and raising
SC(t,t+s). Thus, as Einloth (2009) and others point out, SC(t,t+s) varies positively with the inventory level
and an ever-increasing difference between the futures price and the cash price is required to induce
continued cash-and carry arbitrage when F(t,t+s) > [S(t)+SC(t,t+s)](1+r)."

Speculative inventory levels should be related to past as well as current futures-spot price spreads.
If the time t futures price for delivery at time t+s, F(t,t+s), exceeds the time t futures price for delivery at
time t+v, F(t,t+v), where s > v, by more than the cost of storage from v to s, SC(t+v, t+s), plus interest,
arbitrageurs can make a riskless profit by simultaneously (at time t) longing the t+v futures contact at price
F(t, t+v) and shorting the t+s futures contract at price F(t,t+s). At time t+v, they would take delivery on the
t+v contract paying F(t, t+v) and store. At time t+s, they would deliver on the t+s contract receiving F(t,
t+s). Their time t+s profits adjusting for the interest or opportunity costs of the time t expenses would be
F(t,t+s) — [F(t,t+V)+SC(t+v,t+s)](1+1)*". Thus such arbitrage is profitable and oil inventories would be
expected to rise at time t+v and fall at time t+s when

F(t,t+s) > [F(t, t+Vv)+SC(t+v,t+s)](1+r)"".

Note that in this case, there is no immediate change in inventories. Also, in this case physical

3 During prolonged contango markets additional crude storage facilities can be constructed which would decrease
SC(t,t+s) allowing the futures-spot spread to remain at lower levels in order to achieve profitable C&C arbitrage.
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prices tend to be pushed up at future time t+v when the oil is taken off the market and placed in storage
and pushed downward at time t+s when the oil comes out of storage and back on the market.

Considerable anecdotal evidence indicates that C&C arbitrage occurs. For instance, several
newspaper articles published in 2007 described increasing and decreasing levels of inventory at Cushing,
OK, the NYMEX delivery point for the WTI contract, and related the activity to the C&C type arbitrage.™
The time-series relation between the futures spread and Cushing inventories is graphed in Figure 1. Note
that Cushing inventories are positively correlated with the futures spread as predicted by C&C arbitrage.
Note also the sharp increase in storage capacity between 2004 and 2011, which some reports tie to building
additional capacity for C&C arbitrage.™

**** Place Figure 1 about here ****

As noted by the IEA (2008) and others, given the central role that inventories play in the futures
price - cash price nexus and the significant interest in the question of how much, if at all, speculation
impacts physical oil prices, it is surprising how little research has been done on the relation between the
futures-spot spread, F(t,t+s)- S(t)(1+r)°, or for simplicity F(t,t+s)-S(t), and inventories. While some studies
have noted simple correlations between inventories and F(t,t+s)-S(t), a careful multivariate approach is
needed for several reasons. First, without controlling for other factors that impact inventories, simple
correlations do not establish that inventory levels are responding to the futures-spot spread. Suppose, for
instance, that demand falls unexpectedly. In that case, inventories would rise and S(t) would tend to fall
raising F(t,t+s)-S(t). Thus inventory levels and F(t,t+s)-S(t) would move together but not because
inventories are responding to F(t,t+s)-S(t), and their correlation would not constitute evidence that futures
speculation impacts cash prices through inventory behavior. Studies that carefully examine how oil futures

prices impact spot prices through inventory and production controlling for other changes in supply and

1% Davis, Ann “Where Has All the Oil Gone?” Wall Street Journal, October 6, 2007.

> While we do not have direct data on Cushing, OK storage capacity, the amount of crude oil stored in Cushing
between April 9, 2004 and April 8, 2011 increased by 259%, from 11,677 to 41,896 thousand barrels.
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demand appear warranted. Second, as explained above, current inventory levels and changes should be a
function of past, as well as current, futures and spot spreads. Third, most crude oil inventories are held for
operational purposes, rather than for speculation or arbitrage, so controlling for factors that influence

operational inventory levels should enable better estimates of the impact of the futures spread.

3. Data and Methodology
3.1 Data

In order to estimate the relationship between the spread and crude oil inventories, we obtain
weekly ending inventories of crude oil for: 1) U.S., excluding the SPR, the five PADD districts, and
Cushing from the Energy Information Administration (EIA) website from 9/11/1992 (4/09/2004 for
Cushing) through 7/08/2011. We also obtain weekly data on U.S. oil production levels, imports, refinery
inputs, NYMEX WTI future contracts for the first four months, and Cushing WTI spot prices. The
variables used are described in Appendix 1; their descriptive statistics are in Table 1, while the correlations
between different variables are in Table 2.

**** Place Tables 1 and 2 about here ****

Crude oil is traded on both the spot and the futures market. In the U.S., crude oil futures trade
primarily on the NYMEX. The main crude oil futures contract is for the WTI grade of crude oil and it
settles at Cushing, OK. While a variety of spot locations are priced, their prices are typically perceived in
terms of the basis to the NYMEX WTI crude oil price. A variety of crude oil counterparties, both
producers and users, need to buy and sell crude oil physically in the spot market. However, if they need to
hedge their exposure forward they need to participate in the futures market. Trading in the WTI crude oil
contract ceases on the third business day prior to the 25" calendar day of the prior month. For example,
trading in the August contract ceases near the end of July. Thus traders who do not wish to make or take
delivery of WTI crude oil at Cushing must reverse their positions prior to this date. If they do not reverse,
physical delivery of settled crude oil occurs at Cushing, OK, over the full length of the contract month, i.e.,

August in our example.
11
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Cushing, OK is a special location for crude oil contracts because physical settlement of the future
market transactions occurs there. The other crude oil districts in the U.S., which are the five Petroleum
Administration for Defense Districts (PADD’s) that the entire U.S. territory is broken into, are equally
important especially from the standpoint of product supply and distribution.*® PADD 1 covers the East
coast, PADD 2 the Midwest, including Cushing, PADD 3 the Gulf Coast, PADD 4 the Rocky Mountains
and PADD 5 the West Coast.'” Given that the futures crude oil contract settles at Cushing, OK, the traders
involved in C&C arbitrage have an incentive (as discussed below) to locate their storage facilities there.
While operational drivers of crude oil inventory are important in all PADDs, the spread and its influence
on inventory via C&C arbitrage should be most observable in Cushing.

We have contacted several pipeline and storage operators at Cushing, OK, concerning common
institutional arrangements, such as delivery mechanisms and contracts, and speculative strategies. Of the
major operators in Cushing, we have interviewed representatives from Plains All American Pipeline,
Magellan and Enterprise. All of the above firms lease out storage to customers mainly via longer-term full
tank leases or capacity leases. The tank leases are typically done for five year periods. Capacity leases
allow several customers to have common stream crude oil in the tank. The main customers for storage
leases are refineries, but Exploration and Production (E&P) firms, large physical oil trading firms, as well
as trading arms of different banks also lease storage. The operators also said that crude oil deliveries are
scheduled months ahead and trading in the spot market occurs in emergency situations. This influenced our
choice of the spread for this study.

The data series on crude oil inventory levels exhibit unit roots, which may be due in part to

persistent time trends in the data. To avoid issues with unit roots in crude oil inventory levels, we use

18 The PADD’s were originally created during World War 1 for gasoline rationing.

Y PADD 3 is home to the U.S. Strategic Petroleum Reserve (SPR) which is a large reserve created for national
security purposes. The data used in this study excludes crude used for SPR inventories due to the nature of these
reserves.
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changes in inventory (first difference) in all our analysis reported here.®
3.2 Specification issues

In specifying the model to estimate the relationship between crude oil inventories and spread, we
face four issues. First, since there are numerous futures contracts with different maturities, it is important to
address the question of which of these contracts should be used to measure the spread -- the nearby
contract, the futures contact maturing in two months or in three months, etc. Second, what is the
appropriate lag and lag structure? In other words, does a change in the futures-spot spread impact inventory
levels quickly or does it take some time? Third, what inventory data should we focus on? Fourth, how
should spurious correlation or endogeneity be controlled for? As described below, unexpected shifts in
supply and demand should impact both spot oil prices (and hence the futures-spot spread) and oil inventory
levels. Thus, if not controlled for, the estimation might pick up this spurious correlation instead of the
impact of the spread on inventories. We next discuss our thoughts on and approach to each of these.
3.2.1 Futures-spot and futures-futures spreads

Most of the time, prices of the nearby futures contract and the Cushing WTI spot price are
approximately the same except during the roll period; therefore, the spread between them is of little use for
our analysis. Spreads between the spot price and the price of any other futures contract, and between prices
of different maturity futures, could conceivably set off C&C arbitrage. For example, if the third month
futures exceeds the spot by more than storage and transaction costs, that could also set off C&C arbitrage
and an increase in inventory levels. Or if the third month futures exceeds the second month futures by more
than storage plus transaction costs, arbitrageurs could contract to take delivery in the second month and
deliver in the third, so inventories would increase a month in the future. Similarly, if the two-month ahead
futures price exceeds the one-month ahead futures price by more than storage plus transaction costs, C&C

arbitrage could take place as arbitrageurs contract to take delivery in the next month and deliver a month

18 We have replicated the analysis reported in this paper using inventory levels data that is detrended and seasonally
adjust using a process available from the authors. The results using the detrended levels data, which largely support
the conclusions from the change data, are available from the authors.
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after next. Hence in our view, the question of the best spread to use is an empirical one.

As it turns out the market is normally in continuous backwardation or contango over the first few
months so that the different spreads are highly correlated. For instance, the correlation of the spread
between the second month contract and the spot and the spread between the third month contract and the
spot is 0.982. The correlation between the third-month-spot spread and the fourth-month-spot spread is
0.995. Hence it makes little difference which spread we use; any one spread tends to pick up the effect of
all on inventory levels. Storage operators in Cushing explained during our conversations that only
emergency trading is done in the spot market and most crude oil deliveries are scheduled a month ahead.
Therefore, we chose to use the spread between the two- and the one-month crude oil future contracts. This
spread also has fewer outliers than the two-month ahead to spot spread while the correlation between the
two is 0.942. The correlation between the actual spot price and the one-month ahead future contract is
0.9999. Therefore, most of the changes in the spot price are reflected in the one-month futures with the
exception of those that are very temporary in nature and are not expected to persist past the current month.
Here we report results for the spread defined as the difference between the two- and the one-month crude
oil future contracts but the results are virtually the same using the two-month to spot spread, three-month to
spot and three-month to one-month spread.

3.2.2 Lag structure

In estimating the relationship between the futures spread and crude oil inventories, one issue is
what lags to expect between the spread and inventories and how to specify the lag structure. As explained
earlier, we expect today’s inventory levels to depend on past spreads since current changes in inventories
may be due to contracts signed weeks or months ago. As noted previously, we have also reached out to
major storage operators at Cushing to ascertain common delivery arrangements and representative storage
and transaction costs.

As we see it, if today’s spread is sufficient to set off C&C arbitrage, it may be weeks or days before
inventories increase since we only observe actual physical changes in inventories, not the contracts being

executed for future delivery. For example, on July 5, 2011 the Cushing spot price was $96.89 and NYMEX
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futures prices were: $96.89 for August 2011, $97.38 for September; and $97.87 for October 2011. While
we are seeking hard data on storage costs, a fairly common rough estimate is about $0.40 a barrel per
month which would place the July 5 futures price structure above the breakeven point for profitable C&C
arbitrage. July crude oil deliveries were scheduled at the end of June, so if traders want to take non-
emergency delivery of crude oil they have to purchase the August contract. If we assume for the moment
that storage and transaction costs for the August contract were about $0.40 per month so that C&C
arbitrage would be profitable, arbitrageurs might purchase oil for delivery in August and simultaneously
short the September futures. In this case inventories would rise over the month of August, meaning
anytime between one to eight weeks from today.® The October-September spread is also fairly large so
another alternative is that today arbitrageurs might long the September contract, while shorting the October
contract, and subsequently take delivery on the September contract in September, and make delivery on the
October contract in October. In this case, inventories would not rise until September even though the
contracts are set in July. Thus, lags of several weeks or even months are quite likely, but beyond that it is
hard to say what the lag relationship is. Our interviews with storage operators suggest that in general, the
lag could be anywhere from one to nine weeks but do not provide more specificity beyond that. Thus we
turn to the data to see what the lags look like.
3.2.3 Choice of inventory locations

While C&C arbitrage is possible utilizing storage at any location, storage at Cushing offers the
arbitrageur significant advantages. Suppose that at time t, an arbitrageur buys and stores the oil at location
X and shorts the futures contract maturing at time t+s. At time t+s, she transports the oil to Cushing and

delivers on the futures contract. In order to be profitable, the futures contract must exceed the location spot

* Trading in the WTI crude contract ceases on the third business day prior to the 25th calendar day of the prior
month. For example, August 2011 contract would have stop trading and settled physically on July 20, 2011 and then
delivery would get scheduled between August 1 and August 31. So, if an August 2011 crude future is purchased on
July 5" it can get delivered anytime between August 1 and August 31. That implies a waiting time between the trade
and actual inventory increase in Cushing of four to eight weeks. However, if the August 2011 crude future was
purchased on July19, 2011 then the waiting time between the trade and actual inventory increase in Cushing would be
between one and a half and six and a half weeks.
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price by more than the cost of storage plus the cost of transporting the oil. In addition to arranging storage
the arbitrageur must arrange transportation as well.

Instead of delivering the oil to Cushing, the arbitrageur may buy, store, and sell the oil at location
X. In this arbitrage, she shorts the futures at the beginning of the arbitrage and longs the same futures
contract shortly before trading ceases. As long as the basis or differential between the price at location X
and Cushing is constant, this strategy is profitable if and only if the futures-spot or futures-futures spread
exceeds the cost of storage (at location X). However, if the basis changes over time, then the profitability is
uncertain. In other words, C&C arbitrage utilizing storage and delivery at non-Cushing locations involves a
basis risk which is not present if the storage and delivery are at Cushing.? For this reason, we focus
particular attention on Cushing inventories but also examine the impact of the spread on storage away from
Cushing.
3.2.4 Controlling for spurious correlation

A fourth issue in estimating the relationship between the spread and crude oil inventories is how to
correct for the spurious correlation caused by unforeseen shifts in supply and demand. For instance, if there
is an unforeseen increase in demand, this would tend to lead to a fall in crude oil inventories and at the
same time an increase in spot prices, which would mean a fall in the spread. Hence a positive correlation
between changes in the spread and changes in inventories would be observed but due to the impact of the
demand shift on both prices and inventories - not to C&C arbitrage. Likewise a sudden unforeseen increase
in supply would tend to cause a simultaneous increase in crude oil inventories and in the spread. To control
for this to the extent possible, we include the changes over the current week in: 1) U.S. crude oil
production levels, 2) imports (overall net and by PADD), and 3) refinery inputs (overall and by PADD)
between weeks t-1 and t. Consider the change in refinery inputs. The change from the previous week
consists of a planned or expected change plus the unplanned or unexpected change. If refinery production

increases unexpectedly, this would lead to an unexpected decline in crude oil inventories. Thus to the

20 On the other hand, storage may be less expensive away from Cushing.
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extent part of the change in refinery inputs is unexpected, we expect it to be negatively correlated with the
change in crude oil inventories. Similarly, to the extent changes in U.S. crude oil production and imports
are unexpected, we expect them to be positively correlated with changes in crude oil inventories. In
addition, we include the change in the spot WTI price as an additional variable separate from the spread. If
an unexpected change in demand or supply is viewed as temporary, it will tend to impact the spot price but
not the futures price. Thus this variable should have a negative coefficient and pick up additional
unforeseen shifts in supply and demand which impact both the spread and crude oil inventories. Note that if
the shift is seen as permanent so that both spot and futures prices change, there is no spurious correlation

problem.

While including current week changes in refinery inputs, imports, and production as independent
variables helps control for correlation between changes in the spread and changes in inventory induced by
unforeseen shifts in supply and demand, coefficients of these variables must be interpreted with caution.
We cannot distinguish between expected and unexpected changes in these variables. By definition, if the
data is perfect, the change in inventories this week is equal to the level of imports plus the level of
production minus the level of refinery inputs. Since the levels of imports, production, and refinery inputs
are by definition equal to the sum of all current and past changes in these variables, there is a small built-in
positive correlation between current changes in imports and production and the change in inventories, and
a small built-in negative correlation between change in refinery inputs and the change in inventories. Thus
positive coefficients for current week changes in production and imports and negative coefficients for
refinery inputs need not necessarily indicate an effect of unforeseen changes in supply and demand on

inventories.

We also seek to control for other factors that impact desired inventories at time t. Of course,
operational inventories are held to bridge any gap or mismatch between supply and demand. Specifically,
refineries hold inventories to bridge mismatches between their crude oil supplies and refinery needs. If
refinery draws are expected to be larger next week than the combined production and imports supply, then

there would be a tendency to hold large current inventories in order to “stock up” for next week. Likewise,
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if next week’s production and imports are expected to be higher than refinery needs, current inventory
levels should be smaller. While we cannot observe expected future imports, production, and refinery
imports we can observe ex post levels and changes. Viewing the actual change as proxies for expected
changes, we add lead measures of the changes in refinery inputs, U.S. crude oil production and imports
over the week from t to t+1 to our set of independent variables. Note that the expected signs for these lead
variables are opposite to those for the current week. We expect a negative coefficient for the current week
change in refinery inputs and a positive coefficient for the change next week. We expect positive
coefficients for current week’s changes in imports and production and negative for the changes next week.
The rationale for the current week variables is to pick up the effect of unexpected changes on actual
inventories; the rationale for the lead variables is to pick up the effect of expected future changes in these

variables on desired inventories.

4. Polynomial distributed lag estimation of the spread on crude oil inventory

We examine the influence of the change in the spread on the change in inventories. Expecting
some seasonality in inventory patterns, we control for this with dummy independent variables. Since 52
separate weekly dummy variables are neither feasible nor appropriate, we assume that any seasonality can
be captured by a polynomial form. First, we define weekly dummy variables as follows: w; = 1 if the
observation is the first week in January and 0 otherwise, w, = 1 if the observation is for the second week in
January and 0 otherwise, and so forth through ws, = 1 the last week in December and 0 otherwise. We then
specify five dummy variables z, where z; is a zero-degree polynomial of the wy’s, z, is a first degree
polynomial, z; is a second degree polynomial, z, is a third degree polynomial, and zs a fourth degree
polynomial. The graph of storage pattern from the z variables is presented in Figure 2 for Cushing and

Figure 3 for the U.S. and the z variables are defined in the following manner:
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Z =W AW, + W+ +W,, (picked up by the intercept)

Z, =W, +2W, +3W, +- - - - - - - +52w,
Z, =W, +2°W, + W+ - e +52°w,
Z, =W, +2°wW, + 3w+ - +52°w,,
Zo =W, +2'w, +3*w, +- - - +52°w,

We estimate the impact of the change in spreads up to twelve weeks ago on the change in current

inventory using the following model:

4 16 J
ASTOCK; , = B+ D B Zi o+ 2, B ASPREAD,  + > B | AY, |, @)
k=1 j=5

j=17
where ASTOCK; ¢ is the change in inventories between weeks t-1 and t at one of the following locations

i: U.S., Cushing, PADD1-PADDS5, as well as U.S. without Cushing and PADD 2 without Cushing. Zy; variables

control for seasonality and are created as described above, ASPREAD j t is the change in the spread

between the two- and one-month WTI crude oil future contracts and its lags going back twelve weeks, and

AYj i t represents other possible factors j impacting inventories in region i, including current and lead

changes in imports, production, and refinery inputs. In addition, but not shown in Equation (1),
autoregressive and moving average lagged error terms are included as needed to remove autocorrelation in
the residuals.

As discussed above, in the absence of measurement error, the change in inventories for the U.S.
(including SPR) would equal imports plus production minus refinery inputs. Thus including flow levels of
these variables would result in built-in correlation. Instead of flow levels, we include changes in import,

production, and refinery input flows in AYj j t to capture changes in inventories. These variables smooth

out temporary mismatches between (a) crude oil additions plus production and imports, and (b) crude oil
withdrawals minus the refinery intake. Not only current but also coming week changes in these variables
are included. Next week, or lead, variables are utilized as proxies for expected changes in crude oil
additions and withdrawals. We anticipate that the change in inventories should be a positive function of the

changes in imports and U.S. production over the current week and a negative function of the changes in
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these two variables over the coming week. The change in inventories should be a negative function of the
change in refinery inputs this week and a positive function of the change in refinery inputs next week.

In order to impose some structure on the spread coefficients and improve the efficiency with which
they are estimated, we condense the twelve lagged spread variables in Equation (1) to four. Accordingly,
we estimate a polynomial distributed lag (PDL) model in which the coefficients of the lagged spreads
follow a fourth degree polynomial. PDL; is a j-1 degree polynomial of the twelve lagged spread. In other
words, PDL is a zero degree polynomial, PDL; a first degree polynomial, etc. Details of the structure are

available in Appendix 2. Therefore, our final model is:

4 8 J
ASTOCK; , = B, +Zﬁi,k Zy, +Zﬂi,j APDL,;, "‘Zﬂi,j AY; i+ 2
k1 s =9

5. Results

The weekly change in Cushing inventory is a positive function of the change in the current and
past spreads but changes in other PADDSs’ inventory are not. Changes in PADD 2 inventories, which
include Cushing, are a significant function of change in the spread when the inventory figures include
Cushing, but not when Cushing inventories are excluded. Similarly, changes in overall U.S. (non-SPR)
inventories are a positive function of spread 1992-2004 but not for the 2004-2011 period. The implication
is that, at least since 2004, C&C arbitrage is largely concentrated at Cushing.
5.1 Cushing results

Estimation results for Equation (2) are presented in Tables 3, 4, 5 and 6 for weekly changes in
inventories at Cushing, U.S. non-SPR, PADD 2, and PADDs 1, 3, 4, 5, respectively. The Cushing equation
is estimated from 4/16/2004, when the Cushing data is first available, to 7/8/2011. Equations for other
areas are estimated over various periods including 1992-2011. APDL coefficients shown in Panel A of the
tables are for the polynomial variables calculated from the spread changes over the current and twelve past
weeks. Their joint significance is tested with the Wald p-values shown at the bottom of Panel A of the

tables. Panel B of the tables shows the implied coefficients for the twelve lagged spread differences
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calculated from the APDL coefficients in the top of the tables. Thus, in Table 3 Panel B, the coefficient for
the current spread is 282.03, the coefficient for last week’s spread is 324.29, and the coefficient for the
week before that is 333.20. Above we argued that due to delivery arrangements, there may be a
considerable delay between the arbitrage trades in response to the spread and the actual change in crude oil
inventories since we observe actual inventories but not contracts for future delivery. The estimated
coefficient pattern in the bottom part of Table 3 is certainly consistent with this. Indeed, coefficients for the
spreads two, three and four weeks ago are actually higher than the coefficient for the current week.

**** Place Tables 3, 4, 5 & 6 about here ****

The lag pattern shown in Panel B of Table 3 shows that we observe positive inventory changes
through at least the first eight weeks. The largest increases are observed over the first four weeks or so.
Then the increases start declining. Cushing results in Table 3 imply that a one- time $0.10 increase in the
spread leads to a positive change in inventories of about 28,203 barrels the first week, approximately
153,241 barrels after four weeks, and 211,142 barrels after nine weeks.

Cushing data is only available from 2004-2011 and the Cushing results reported in Table 3 pertain
to this period. Model 1 evaluates actual changes in Cushing inventories, while Model 2 pertains to a
modified version where Cushing inventory changes are winsorized at the 1% level to control for outliers.
Cushing inventory changes are mainly explained by the spread. No operational variables, other than U.S.
oil production, significantly influence Cushing inventory changes. The removal of the PDL spread lags
from the regressions drops the adjusted R? for Cushing models by 55% from 15% to 7%. However, the
same removal for overall U.S. (non-SPR), PADD 1, 3, 4, and 5, and PADD2 non-Cushing inventories
decreases the adjusted R? only slightly, if at all. The overall results are similar when the change in Cushing
inventories is winsorized. Table 3 also shows evidence of a seasonal pattern in Cushing inventories as
reflected in the z variable coefficients.

The graph of the Cushing seasonal pattern in inventories as implied by the z variables is presented
in Figure 2. The pattern of inventory levels shows a short period of crude oil withdrawal from storage at

the beginning of the year (weeks 1-3) after which inventory additions begin (week 4) and last through May
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(week 20), at which point withdrawals resume and continue through autumn, with additions to storage
resuming in late autumn (week 40) and persisting through the end of the year. Figure 2(a) also shows that
inventory levels in Cushing have grown significantly over 2004-2011 as more storage facilities have been
built. The average annual inventory increase is shown by the difference in the starting and ending points of
the inventory “level” series. Figure 2(b) adjusts for this capacity increase by normalizing the graph scale in
Figure 2(a) to start and end at the same level, and shows the seasonal pattern on this adjusted scale.

**** Place Figure 2 about here ****

5.2 Results for total U.S. above-ground, on-shore storage.

Results for the U.S. (non-SPR) change in inventories are presented in Table 4. In Model 1, we
present estimations of Equation (2) for the full 1992-2011 period and, in Model 1-winsorized, we use the
same data as in Model 1 but winsorize the dependent variable—the change in U.S. inventories--at the 1%
level. In Table 4 Model 2 we estimate the equation for the 1992-2004 period, over which separate Cushing
storage data is unavailable. In Model 3, Equation (2) is estimated over the 2004-2011 period, including
Cushing storage inventories and in Model 4, over 2004-2011, excluding Cushing. The changes in the
spread are significant in explaining U.S. inventory changes in Models 1-2 for the 1992-2011 and 1992-
2004 periods respectively, but not in Models 3-4 which cover the 2004-2011 period. However, over 2004-
2011, the change in spread is the main significant explanatory variable for Cushing inventory changes, as
shown in Table 3. This indicates that the seeming relationship between the U.S. (non-SPR) change in
inventories and the spread is largely driven by Cushing inventories.

As shown in Table 4, the spread is not significant in explaining overall U.S. (non-SPR) inventories
over 2004-2011, whether or not Cushing inventories are included in the total. Consistent with this, as
reported in Table 6, none of the PADD 1, 3, 4 or 5 district inventories appear influenced by the spread.
Combined with the findings from Table 3 that Cushing inventories are a significant positive function of the
spread over 2004-2011, this indicates to us that most C&C arbitrage in recent years has been confined to
Cushing. However, it bears noting that the inventory figures include above-ground on-shore inventories

only. We cannot rule out C&C arbitrage involving off-shore storage in tankers, or producers opting to
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leave oil in the ground in response to the futures spread.

The insignificant result in Model 3 of Table 4 could be due to the largely operational role of
inventories outside Cushing since the operating parameters are very significant). Model 3 of Table 4
reports U.S. results over 2004-2011 with Cushing included but shows that the spread is not significant in
explaining inventory. In contrast, Model 3 of Table 5 reports PADD?2 results over 2004-2011 with Cushing
included and shows that spread is significant. The implication here is that when Cushing is included in
overall U.S. numbers, it loses power to explain overall U.S. inventory changes especially since the
explanatory power of operating variables in all other PADDs increases.

While we found little impact of the operational variables on inventories at Cushing, they are
important in explaining total U.S. inventories. Moreover, the explanatory power of operational variables
grows overtime, as the R? over 2004-2011 (69%) is much higher than the R? over 1992-2004 (21%). As
expected, we find a significant positive relation between inventory changes and changes in both imports
and U.S oil production over the current week and a negative relation between the change in inventories and
the change in refinery inputs. Also, as expected, the signs are reversed for changes in imports, U.S.
production, and refinery inputs over the coming week, though the coefficient for the coming change in
U.S. production is not significant. The results for the lead variables indicate that if refinery inputs are
expected to be higher (lower) next week than imports and production, then storage operators tend to
increase (decrease) current inventories in anticipation. There is also evidence of a seasonal pattern as
reflected in the z variable coefficients.

The graph of the U.S. (non-SPR) seasonal pattern in inventories as implied by the z variables is
presented in Figure 3. In Figure 3(a) we presents the changes and levels of U.S. crude oil inventories as
predicted by the z pattern over the 1992-2011 period; in Figure 3(b) over the 1992-2004 period; and in
Figure 3(c) over the 2004-2011 period. The pattern of crude oil inventory levels shows that crude oil
additions to storage start in early autumn (around weeks 36-38), followed by a quick period of crude oil
withdrawals over the last couple of weeks of the year, after which additions resume at the start of the new

year and continue through May (around week 20). Then in May crude oil starts being withdrawn as
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inventories decrease. Crude oil withdrawals last over the summer and early autumn months, till the end of
September (around week 35). Figure 3(b) shows that overall U.S. crude oil storage capacity did not
increase significantly over 1992-2004, as the line graphing inventory levels converges to its starting point.
This differs from Figure 3(c) which shows that capacity increased over the 2004-2011 period. This
capacity increase is partially attributed to Cushing, as can be seen from Figure 2.

**** Place Figure 3 about here ****

5.3 PADD 2 results

Results for PADD 2 crude oil inventories are presented in Table 5. We present PADD2 results
separately from other PADD district because it physically includes Cushing. In Model 1, we present
Equation (2) estimations for the full 1992-2011 period and, in Model 1-winsorized, we use the same data
as in Model 1 but winsorize the dependent variable—the change in PADD 2 inventories--at the 1% level.
In Model 2 we estimate the equation for the 1992-2004 period, over which separate Cushing storage data is
unavailable. In Model 3, Equation (2) is estimated over the 2004-2011 period, including Cushing storage
inventories and in Model 4, over 2004-2011, excluding Cushing. The changes in the spread are significant
in explaining inventory changes in Models 1-3 but not in Model 4 which excludes Cushing over the 2004-
2011 period. So, unlike total U.S. (non-SPR) and PADD 1, 3, 4, and 5 inventories, PADD 2 inventories are
a significant function of the spread over 2004-2011 until we exclude Cushing. Furthermore, if we remove
all spread lags from the list of independent regression variables, the adjusted R? declines for PADD 2
inventory changes when Cushing is included from 17% to 12%, but it remains at 5% when Cushing is
excluded from PADD 2 inventories. This shows that Cushing inventories are driving the explanatory

power of spread for PADD 2 inventories. We conclude that there is little evidence of above-ground C&C

L While we do not have capacity data, we can partly infer capacity from levels since level will not exceed capacity.
The overall U.S. (non-SPR) weekly crude levels did not change a lot (unlike Cushing) — from around 333,494
(October 30, 1992) to 355,456 (July 8, 2011) thousand barrels. In Cushing there was over a 250% increase in levels,
which is unlikely to have been accomplished without capacity increases.
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arbitrage in PADD 2 outside of Cushing.

Changes in PADD 2 inventories are partially explained by current, but not lead, operational
variables. PADD 2 inventories are a positive function of current week imports and production and a
negative function of refinery inputs. This is in line with the results for overall U.S. inventories, where the
operational variables also explain inventory changes, but different from the results for Cushing, where the
operational variables are insignificant. Evidence of a seasonal pattern, as reflected by the z variables, also
exists in PADD 2 as in all the other areas.

5.4 Results for other PADD districts.

Results for the other individual PADD districts, excluding PADD 2, are presented in Table 6.
There is no evidence that changes in the spread impact inventory changes in these regions, as the PDL lags
of the spread are neither jointly nor individually significant. However, inventory changes in most PADD
districts are a positive function of recent changes in imports and a negative function of imports over the
coming week. They are a negative function of recent changes in refinery inputs and a positive function of
the change in refinery inputs over the coming week.

Overall, our results from Tables 3-6 suggest that over the 2004-2011 period the spread is
significant in explaining inventories mainly at Cushing indicating that above-ground on-shore C&C

arbitrage in the U.S. currently takes place largely in Cushing.

6. Robustness Checks

In this section we carry out check of robustness of the results reported in the previous section to
alternative specifications. In results that are available from the authors, we have repeated our analysis
where the dependent variables are levels, rather than the changes, in inventories. Results largely parallel
those in section 5. Several alternative specifications for Cushing are presented in Table 7 and for the total
U.S. (no-SPR) in Table 8, as well as for both in Tables 9-11. These alternatives include adding lagged
control variables, evaluating the percentage instead of the barrel change in inventories and examining the

role of cross-PADD imports. We also estimate our models without the PDL structure for the spreads and
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using month dummies instead of the z weekly variables to adjust for seasonality. Finally, we present our
results using two different measures of the spread, instead of the original difference between the two- and
one-month NYMEX WTI futures, we use the difference between the two-month future and the spot WTI
prices, as well as the difference between the tree- and two-month NYMEX WTI futures.

We include the percentage change in inventories as an alternative specification to partially control
for the large growth in capacity, especially at Cushing, over the evaluation period. We also consider the
possibility that Cushing inventories might be influenced by the inflows and outflows of crude oil from
other PADDs. While imports are not significant in explaining the Cushing inventory changes, our imports
measure does not contain imports from other PADDs. After studying the correlations for storage and
imports for different PADDs and consulting EIA data we establish that the largest exchange of crude oil
occurs between PADD 2 and PADD 3. We therefore include changes in PADD 3 storage and imports as
controls in Cushing regressions. These alterations do not change the significant role of the spread in
explaining Cushing inventories.

We add lagged control variables for several reasons, of which the first is to reduce the influence of
asynchronous data reporting for inventories and the above mentioned controls. In this case, we expect the
signs on the lagged coefficients to be the same as for the ones for the current week—negative for refinery
inputs and positive for production and imports. The second reason to add lagged control terms deals with
“reaction adjustment” in the following manner: if refinery inputs were higher than expected last week, this
week there could be a tendency to restock inventory and if production and imports were higher than
expected last week, this week there could be a tendency to “drain down” inventory. In this case, we would
expect the lagged control coefficients to be of a different sign than the ones for the current week—positive
for lagged refinery inputs and negative for lagged production and imports. However, like the current week
imports, production, and refinery input variables, the lags of these variables may be correlated with the
change in inventories due to their correlation with the levels of these variables. This additional
specification again does not alter our main results.

We also we want to explore whether our PDL structure for the twelve spread lags is responsible
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for our results, i.e., to see if the main results are robust to including the twelve individual spreads. The
same issue applies to using the four seasonal z variables. We are also interested in whether these
specifications result in more efficient estimates of the spread and seasonal patterns.

Finally, we want to evaluate the relationship between crude oil inventories and the spread using
different measures of the spread to ensure that our results are not driven my our chosen spread measure—
the difference between the two- and the one-month NYMEX WTI futures. We present two alternative
spread measures—the difference between the two-month future and the spot WTI prices, as well as the
difference between the three- and one-month WTI futures. The correlation between different spread levels
is high, over 94%. But we use spread changes, not levels, in our models and while the correlation between
our main spread measure, the difference between the two- and one-month WTI futures, and one of the
alternatives, the difference between the three- and one-month WTI futures, remains high at 96%. The
correlation between our main spread measure and another alternative, the difference between the two-
month futures and the spot WTI prices, is only 64%.

Alternative models for Cushing over the 2004-2011 period are presented in Table 7. In Model 1,
we use an alternative dependent variable—instead of the barrel change we use the percentage change in
inventories. In Model 2, we add lagged control variables for crude oil refinery inputs, production and
imports. In Model 3, we add controls for possible transfers of crude oil from PADD3 into PADD2, where
Cushing is located. Cushing changes in inventory remain a positive significant function of the spread in all
specifications in Table 7.

**** Place Table 7 about here ****

Model 1 results in Table 7, in which the percentage change in inventories replaces the barrel
change as the dependent variable, echo the Table 3 results in that changes in the Cushing inventory are
again a significant positive function of the spread. The change in production is the only operational control
variable that explains Cushing inventory changes. There is again evidence of a seasonal pattern as reflected
in the z variable coefficients.

The implied coefficient pattern for the twelve lags of the change in spread in Table 7, Model 1,
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Panel B is similar to that of Table 3 Panel B, as it again shows that spread influences inventories with a
lag. Table 7 Panel B shows that inventory increases over about the first eight weeks. A one-time $0.10
increase in the spread leads to 1.25% increase in Cushing inventories over the first week, approximately
6.23% increase over four weeks and 8.34% increase after nine weeks.

Model 2 in Table 7 adds lagged control variables. Cushing inventory changes are still a significant
positive function of the change in spread. Again none of the control variables, except the current
production changes and the lagged refinery inputs change, are significant in explaining Cushing inventory
changes. The lagged refinery inputs change is positively related with current Cushing inventory changes.
This is inconsistent with our non-synchronous data interpretation but in line with but with “reaction
adjustment” interpretation—if the refinery draws were higher than expected last week then there would be
a tendency to restock this week.

Results in Model 3 in Table 7, in which PADD 3 imports and inventories are included as
explanatory variables for Cushing inventories, are interesting. Changes in Cushing inventories are still a
significant positive function of the spread. But also changes in PADD 3 imports are significant in
explaining Cushing inventory changes, while PADD 3 inventory changes are not. No other control
variables, not even production, which exhibited explanatory power in all other models, are significant in
explaining Cushing inventory changes. PADD 3 imports may matter because a part of crude oil coming
into PADD 3, which includes the largest U.S. crude oil port in Louisiana, might eventually be destined for
PADD 2. However, that crude oil is temporarily stored in PADD 3 before transfer to PADD 2, so is not
originally reported as a PADD 2 import in the data. These results suggest that a future study that takes
imports between different PADDs into account could be interesting.

Alternative models for the changes in overall U.S. (non-SPR) inventories are presented in Table 8.
Models 1 and 3 evaluate the full sample period from 1992-2011 and Models 2 and 4 evaluate the 2004-
2011 period. In Models 1 and 2 we present estimations using an alternative dependent variable. Instead of
the change in barrels we use the percentage change in inventories. In Models 3 and 4 we add lagged

control variables for crude oil refinery inputs, production and imports. Results are consistent with our main
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results that total U.S. (non-SPR) inventory changes are a positive function of the change in spread over the
full sample period from 1992-2011 but not over the 2004-2011 timeframe. Again the results indicate that
since 2004 most on-shore and above-ground C&C arbitrage apparently occurs at Cushing.

**** Place Table 8 about here ****

Models 1 and 2 in Table 8 where we use the percentage change in total U.S. (hon-SPR) inventories
as a dependent variable are very similar to Models 1 and 3 in Table 4 where the dependent variable is the
barrel change. Otherwise the model specifications for models in Tables 8 and 4 are the same. Consistent
with the previous results, the percentage change in total U.S. (non-SPR) inventories is a positive function
of the spread in Model 1 from 1992-2011, but the spread is insignificant in Model 2 from 2004-2011. Also
consistent with the Table 4 results, operational controls and seasonal variables remain significant in
explaining U.S. (non-SPR) inventories in both time periods and in both Models 1 and 2 in Table 8.

The results from Models 3 and 4 in Table 8 in which we add lagged control variables for refinery
inputs, production and imports are consistent with the results from Models 1 and 2 from Table 8, as well as
models in Table 4. As before, the change in total U.S. (hon-SPR) inventories is a positive function of the
change in spread over the 1992-2011 period, but not over the 2004-2011 period.

On the other hand, all operating variables--current, lag, and most lead changes are significant in
explaining total U.S. (hon-SPR) inventory changes. We did not include lag control variable changes past
one week back because we reasoned that longer dated lags would bring our models to an approximate
tautology.*

In general, Tables 7 and 8 indicate that results dealing with the influence of the spread on Cushing
and total U.S. crude oil inventories remain consistent with alternative specifications. Spread mainly

explains Cushing inventory changes, while operational variables largely explain inventory changes in other

22 \With perfect data, the change in inventories equals imports plus production minus refinery inputs for that week. So,
a regression of inventory changes on import, production, and refinery input levels would be estimating a tautology.
Since lagged inventory changes going back many weeks proxy for the current inventory levels, models that include
long-dated lags of imports, production and refinery inputs estimate an approximate tautology. An inclusion of just
one lag increases the adjusted R? by 9% between Models 1 and 3 and by and 15% between Models 2 and 4 in Table 8.
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areas. The influence of spread on inventories occurs with a lag. The implied coefficient pattern for the
twelve lagged spreads calculated from the APDL coefficients in the models again confirms that when the
spread rises inventories in both Cushing and the overall U.S. increase most, not in the current week, but
two to four weeks out. In other words spreads two to four weeks out have a stronger influence on the
change in inventories than the current spreads.

Table 9 presents regressions for both Cushing and the U.S. using the twelve individual spread
change lags instead of imposing the PDL structure on the lagged spreads and monthly dummy variables
instead of using weekly dummy variables structured in a polynomial form. In Model 1, we estimate the
relations for Cushing from 2004-2011, in Model 2, for the U.S. from 1992-2011 and, in Model 3, for the
U.S. from 2004-2011. Again our results hold using parsimonious specifications. Cushing inventory
changes are a positive function of the change in spread, as confirmed by the Wald test (p-value of 0.000)
for the joint significance of all twelve spread lags. U.S inventory changes are a positive function of the
change in spread over 1992-2011, but not over 2004-2011. As compared with the PDL specification, the
coefficient pattern for the lagged spread changes jumps around. Also, the standard errors of the coefficients
of the lagged spread terms (not shown but available upon request) for the non-PDL models are
considerably higher, so the PDL specification does (as expected) provide more efficient estimations.
Standard errors are also higher when monthly dummies, instead of the polynomial specification of weekly
dummies, are used to adjust for seasonality. Therefore, models with polynomial specifications have several
advantages—they are more efficient and they provide us with a smoother coefficient pattern for seasonality
and for the influence of the change in spread on inventory changes.

**** Insert Table 9 about here ****

Tables 10 and 11 present regressions for both Cushing and the U.S. using alternative measures of
the spread. In Model 1, we estimate the relations for Cushing from 2004-2011, in Model 2, for the U.S.
from 1992-2011 and, in Model 3, for the U.S. from 2004-2011. The main measure of the spread used in the
paper is the difference between the two- and one-month NYMEX WTI futures and the reasoning for this

choice is described in section 4.1. In Table 11 we follow Equation (2) but regress crude oil inventory
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changes on the spread defined as the difference between the two-month futures and the spot WTI prices,
while in Table 11 the spread is defined as the difference between the three- and one-month NYMEX WTI
futures. Again our results hold using different measures of spread. Cushing inventory changes are a
positive function of the different spread measures over 2004-2011. U.S. inventory changes are a positive
function of different spread measures over 1992-2011, but not over 2004-2011. None of the operational
variables, except for production changes, are significant in explaining Cushing inventory changes. On the
other hand, all current and lead operational variables, except lead production, are significant in explaining
U.S. inventory changes. The patterns of spread coefficients available in Panel B are similar to all our other
models as they show that spreads influence crude inventories with a lag.

**** Place Table 10 and 11 about here ****

7. Conclusions

From regressions of crude oil inventory changes on current and lagged spreads, we find that crude
oil inventories at Cushing are a strong positive function of current and lagged futures spreads. We find that
current crude oil inventories are influenced not only by current spreads but by spreads over the last eight
weeks. Indeed we find that current inventories are a stronger function of spreads several weeks ago than of
current spreads. Our interpretation of this is that current spreads likely lead to contracts for forward
delivery which do not result in a change in actual stock levels until delivery occurs sometime in the future.
For instance, if in July the price of the September futures contract exceeds the price of the August contract
by more than the cost of storage, an arbitrageur may long the August futures contract and short the
September contract. He would then take delivery on the August contract and make delivery on the
September contract so we would observe inventories rising in August and falling in September due to the
July spread. Thus, the influence of the spread on storage is not immediate. We find no convincing evidence
that the futures spread materially impacts inventories outside Cushing. Total U.S. inventories and PADD 2
inventories over the 1992-2004 period, i.e. before Cushing inventories were reported separately, are

significant positive functions of the spread. However, when Cushing inventories are subtracted from
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PADD 2 figures over the 2004-2011 period, the spread terms are insignificant. Similarly, the spread is
insignificant in explaining total U.S. inventory changes over 2004-2011. The spread variables are also

insignificant in regressions for all the other PADD districts.

It has been hypothesized that the futures spread impacts inventories held by refiners, pipelines, and
other oil companies as well as arbitrageurs. In other words, if the spot price is far enough above the futures
price, refiners and pipelines will draw down current inventories (thus risking a stock-out) and replenish
later at lower prices, and they will build up inventories when the spot price is low relative to the futures
price. The fact that we find little evidence that inventories outside Cushing are impacted by the futures
spread indicates that if this activity occurs at all it is too small for us to detect with aggregate data.
However, our inventory data includes above ground, on-shore inventories only. We cannot rule out the
possibility that the futures spread may impact producers’ decisions whether to pump the oil or leave it in

the ground. Nor can we shed light on the impact of the spread on tanker storage in the Gulf or elsewhere.

We further find evidence that total U.S. and most PADD district inventories, except for Cushing,
are partially explained by operational variables, particularly current and future changes in imports, U.S. oil
production, and refinery inputs. These results indicate that refiners and storage operators increase
inventories when they foresee future refinery needs exceeding future imports plus U.S. crude oil
production, and reduce inventories when they foresee a surplus of imports and domestic production over
refinery needs. We do not find these variables having much impact on Cushing inventories, further

indicating that inventories there are mostly held for arbitrage (and possibly speculative) purposes.

To our knowledge, this study provides the first comprehensive analysis of the causal relationships
between oil spot prices, futures prices and inventories, including the C&C arbitrage relation between oil
inventories and the futures spread, and how inventories are impacted by contango versus normal
backwardation in oil futures prices. Our findings establish, to our knowledge, the first tangible evidence
documented in the literature of a causal link between oil futures and spot markets via inventory changes

resulting from arbitrage. These findings provide an important foundation for future research on the impact
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of financial traders on the spot markets, especially the twin questions of whether financial traders (a)
exacerbate or attenuate spot price volatility, and (b) whether they systematically affect the spot oil price

level.
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Appendix 1 -- Variable Description

The data comes from the EIA WEEKLY PETROLEUM STATUS REPORTS or is created based on variables from the
report http://www.eia.gov/oil_gas/petroleum/data_publications/weekly petroleum_status_report/wpsr.html.

Below are the descriptions of variable levels. In our analysis we mainly use changes in these variables. A(variable name)
means a change in that variable over the last week calculated via first difference. (variable name)(+1) denotes a lead, or
the next period value, and (variable name)(-1) denotes a lag, for that specific variable. Years from which the data is
available and used in the analysis, as well as, units of measure are also presented. The data is weekly and ends on
7/8/20011.

Variable Description From Units
Polynomial distributed lag (PDL) change in spread lags between the two-
and one-month WTI crude futures for spread2_1. Robustness tests include
APDL;-APDL, the PDL change in spread lags between the two month future and spot 9/11/1992
WTI for spread2_spot (Table 10) and between three- and one-month WTI
crude futures for spread 3_1 (Table 11).
The spread between the X and Y month out future NYMEX WTI crude Dollars per
SpreadX_Y contract (X,Y =1,2,3,4). Typically, spread2_1, which is the spread 9/11/1992 Barrel P
between the two- and one-month WTI crude futures.
ASpread2_1 The change in spread between the two- and the one-month WTI crude 9/11/1992 Dollars per
futures. Barrel
Spot_ WTI Cushing, OK NYMEX WTI crude oil spot price FOB 9/11/1992 [B):rI:ZIIrS per
. . _ Dollars per
Future. WTI_X  Cushing, OK WTI NYMEX crude oil future contract X (X =1,2,3,4) 9/11/1992 Barrel
Stock US Weekly U.S. crude oil inventories (stocks) excluding the Strategic 9/11/1992 Thousand
- Petroleum Reserve (SPR) Barrels
Stock_X Weekly crude oil inventories (stocks) excluding SPR for PADD_X (X=1, 9/11/1992 Thousand
2,3,4,0r5) Barrels
. . - . . Thousand
Stock_Cushing  Weekly Cushing, OK crude oil inventories (stocks) excluding SPR 4/9/2004 Barrels
Stock_US non  Weekly U.S. crude oil inventories (stocks) excluding SPR and excluding Thousand
; . 4/9/2004
Cushing Cushing Barrels
Stock_2_non Weekly crude oil inventories (stocks) for PADD2 excluding SPR and Thousand
; ) . 4/9/2004
Cushing excluding Cushing Barrels
Prod_US Weekly U.S. field production of crude oil 9/11/1992 Thousand
Barrels/Day
. Thousand
Imports_US Weekly Net Inflows (Imports Excluding SPR - Exports) 9/11/1992 Barrels/Day
- . _ Thousand
ImportsX Weekly crude oil imports excluding SPR for PADD_X (X=1, 2, 3,4,0r5) 9/11/1992
Barrels/Day
RefinerlnputUs Weekly U.S._refm_e_r net input of crude oil (balance between crude oil 9/11/1992 Thousand
supply and disposition) Barrels/Day
RefinerlnputX  Weekly refiner net input of crude oil for PADD_X (X=1, 2, 3, 4, or 5) 9/11/1992 Thousand
Barrels/Day
Jan-Nov Monthly dummies 9/11/1992 1or0
71-75 Weekly dummies (Z1is 1, Z2 is Ievel,_ 23 is squared, Z4 is cubed, Z5 is to 9/11/1992
the forth power) that remove seasonality in inventory

PADD 1 -- East Coast; PADD 2 -- Midwest; PADD 3 -- Gulf Coast;

PADD 4 -- Rocky Mountains; PADD 5 -- West Coast.
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Appendix 2 —Polynomial Distributed Lag (PDL) Model
An example of how we set up a fourth degree PDL model is shown below based on the

distributed lag model using twelve lags of X, which in our main model is ASPREAD:

Yt :ﬂ‘+ﬂoxt+ﬁlxt—l+ T +1812XI—12 (Al)

where S; can be approximated by a fourth degree polynomial:

Bo=a,+aji+a,i’+a,i’+a,i’  wherei=1t012

By =y

Bi=a,+to,+a,+a;+a, (A2)
By =ay+a,2+a,2* +a,2° +a, 2° '

. 2 3 4
p=0,+,3+a,3 +0,3 +a,3

B, =ay + 12+ ,12° + @,12° + ¢, 12°

Substituting g; from Equation (A.2) into the distributed lag Equation (A.1), and transforming it yields:
Y, =A+a X, +(ay +ay +o, +a,+a) X+ (o + a2+ 0,2° +a,2° + a0, 2) X,
+(ay + 3+, 3 + a3+, 3 X 5+ + (@ + 12 + 2,127 + @,12° + @, 12%) X,
which can be rewritten as:

Yy=A+o,(X, + X+ X o+ + X )+ (X +2X,, +3X 5+ +12X, )+
+a, (X +2* X, +3* X g+ +12° X, )

or
Yo=A+a,ly +al, +a,l, +oly +a,l,
where the Z variables are constructed using 12 lags of X:

Ly =X+ X4+ X g++ X,

L, =X +2X ,+3X 5 +--+12X,,,
Z, =X 422X, +FX 44127 X,
Z, =X +2°X ,+3¥X 5+ +12°X,
Z,=X +2° X, +3 X o+ 412X,
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Figure 1—Cushing Crude Inventory and the Spread Between the Two- and One-Month NYMEX WTI Crude Futures.

This figure plots crude oil inventories in Cushing, OK and the spread between the two- and one-month WTI crude futures between April 9, 2004 and

July 8, 2011.
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Figure 2 — Cushing Crude Oil Inventory Levels and Changes as Predicted by the Seasonal Adjustment from the Z Variables

This figure plots seasonal pattern at Cushing, OK crude oil inventories as implied by the weekly seasonal Z variables. Variable definitions are in
Appendix 1. Both inventory levels and changes are presented over the 2004-2011 period. Figure 2(a) shows unadjusted inventory levels in Cushing.
There has been a significant increase in capacity in Cushing, OK over 2004-2011as shown by the difference in the starting and ending points of the
inventory “level” series. Figure 2(b) adjusts for this capacity increase by normalizing the graph scale in Figure 2(a) to start and end at the same level,

and shows the seasonal pattern on this adjusted scale.
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Figure 3(a): U.5. (non-5PR) Inventories 1992-2011
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Figure 3(b): U.S. (non-SPR) Inventories 1992-2004 Figure 3(c): U.S. (non-SPR) Inventories 2004-2011
20000 - 35000 +
RELEN 30000 1
15000 - . % ... ..
; .. 25000 - . -
K ~, ) K ",
P A . o 20000 - s .
G 10000 | : 3 = . .
® N % o B .,
4 . S 15000 - : Leente,
=] . % =} s cae? .
S * . - . .
< 5000 : . 10000 - N .
/\ ROy 5000 4 &
!-,' v . ’_%‘Q‘m
-5000 -
-5000 -
8 2 12 20 32 42 52 -8 2 12 22 32 42 52
| am—change oo level ‘ weeks | e change «eeeo lovel | weeks

Figure 3 - U.S. (non-SPR) Crude Qil Inventory Levels and Changes as Predicted by the Seasonal Adjustment from the Z Variables

This figure plots the U.S. (non-SPR) seasonal pattern in inventories as implied by the weekly seasonal Z variables. Variable definitions are available
in Appendix 1. Both inventory levels and changes are presented. Figure 3(a) covers the 1992-2011 period; Figure 3(b) the 1992-2004 period; and
Figure 3(c) the 2004-2011 period. Figure 3(b) shows that overall U.S. crude oil storage capacity did not increase significantly over 1992-2004, as the
line graphing inventory levels converges to its starting point. This differs from Figure 3(c) which shows that capacity increased over the 2004-2011
period. This capacity increase is partially attributed to Cushing, as can be seen from Figure 2.
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Table 1-- Description of Variables in Levels and Changes (1st Difference)
The number, mean, median and standard deviation (and autocorrelation for changes) for levels and weekly changes (1st difference) of the variables used
in the analysis are reported. Years for which the data is available and used in the analysis are also presented. Variable definitions are in Appendix 1.

LEVELS CHANGES (1st Difference)
st AC
Variables N Years Mean Median Std. Dev. Mean Median Std' AC1 p-
ev. order

value
STOCK _US 983 1992-2011 319,097.20  320,634.00 23,355.21 2756 13250 3,912.40 0.045 0.161
STOCK_CUSHING 379 2004-2011 24,741.52 23,157.00 7,866.80 68.71 56.00 979.94 0.100 0.051
STOCK_US nonCUSHING 379 2004-2011 304,012.90 304,584.00 17,244.58 90.24 317.00 3,365.87 0.351 0.000
STOCK2 983 1992-2011 70,007.28 68,376.00 10,320.64 33.49 8.50 1,287.79 0.085 0.007
STOCK2_nonCUSHING 379 2004-2011 49,980.12 48,074.00 5,370.63 36.87 68.00 1,102.75 -0.054 0.293
STOCK1 983 1992-2011 14,650.79 14,764.00 1,523.02 -3.19 40,50 1,115.03 -0.362 0.000
STOCK3 983 1992-2011 162,503.00 162,172.00 13,808.29 9.98 29.50 3,198.50 0.008 0.791
STOCK4 983 1992-2011 12,989.03 12,680.00 1,609.29 3.73 -1.50 311.82 -0.085 0.007
STOCK5 983 1992-2011 58,947.08 56,518.00 7,943.24 -16.46 -1.00 2,030.22 -0.281 0.000
SPREAD2_SPOTWTI 983 1992-2011 0.19 0.11 1.08 0.00 0.00 0.67 -0.344 0.000
SPREAD2 1 983 1992-2011 0.16 0.10 0.92 0.00 0.01 0.47 -0.261 0.000
SPOT WTI 983 1992-2011 41.42 28.86 27.92 0.08 0.10 257 -0.022 0.487
PROD_US 983 1992-2011 5,850.92 5,808.00 615.73 -1.40 1.00 107.50 -0.201 0.000
REFINERINPUTUS 983 1992-2011 14,708.67 14,793.00 752.25 1.38 15.00 282.95 -0.001 0.978
REFINERINPUT1 983 1992-2011 1,446.55 1,477.00 181.78 -0.06 -1.00 72.65 -0.101 0.002
REFINERINPUT2 983 1992-2011 3,253.51 3,260.00 163.98 -0.02 2.00 9439 -0.064 0.046
REFINERINPUT3 983 1992-2011 6,976.75 7,076.00 518.09 1.45 9.00 231.14 -0.053 0.097
REFINERINPUT4 983 1992-2011 508.52 511.00 48.41 0.08 0.00 2253 -0.151 0.000
REFINERINPUT5 983 1992-2011 2,523.34 2,538.00 148.75 -0.08 2.00 85.57 -0.160 0.000
IMPORTS_US 983 1992-2011 8,685.16 8,876.00 1,307.88 279  -20.00 779.04 -0.534 0.000
IMPORTS1 983 1992-2011 1,421.93 1,415.00 272.57 -0.20 -6.00 346.94 -0.568 0.000
IMPORTS?2 983 1992-2011 975.69 979.00 208.23 0.54 4.00 160.72 -0.501 0.000
IMPORTS3 983 1992-2011 5,400.42 5,502.00 802.97 092 -21.00 708.78 -0.488 0.000
IMPORTS4 983 1992-2011 203.83 205.00 87.65 0.19 0.00 51.94 -0.573 0.000
IMPORTS5 983 1992-2011 747.10 742.00 370.68 1.27 0.00 253.44 -0.588 0.000
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Table 2--Correlations between variables
Correlations between weekly variable changes (1* difference) are reported. Variable definitions are in Appendix 1. Data involving Cushing covers the 2004-2011
period, data for all other variables is for 1992-2011
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A(STOCK _US) 1
A(STOCK_CUSHING) A7 1
A(STOCK_US_nonCUSHING) 96 -.12 1
A(STOCK2) .28 .59 12 1
A(STOCK2 _nonCUSHING) 20 -17 .25 .70 1
A(STOCK1) 17 -.03 .18 .04 .07 1
A(STOCK3) a7 -.04 79 -14  -13  -12 1
A(STOCK4) .09 -13 12 -.06 .04 .03 .05 1
A(STOCKYS) 32 -03 .33 .01 .03 -13 -08 -.07 1
A(SPREAD 2 1) .04 16 -01 13 .02 .01 -02 .02 -01 1
A(SPOT_WTI) -.02 .04 -03 .02 -01 .06 .01 .00 -11 -30 1
A(PROD_US) 17 .09 14 .15 .09 -01 .03 .07 .18 .05 -07 1
A(REFINERINPUTUS) .08 .09 .05 .09 02 -01 .01 -01 .09 .09 -02 45 1
A(REFINERINPUT1) .02 .09 -01 .03 -05 -03 .03 -05 -02 -02 -.05 .00 .16 1
A(REFINERINPUT2) -.05 .03 -06 -10 -15 .05 -04 -02 .03 .05 -04 A1 .36 .09 1
A(REFINERINPUT3) 12 A1 .09 14 .07 .02 .01 .01 12 11 -01 46 89 -10 .06 1
A(REFINERINPUT4) .00 -14 .05 -10 .01 -10 .07  -19 .07 -01 .01 -01 A3 14 .09 .01 1
AREFINERINPUTS) -08 -09 -06 -.04 .03 -09 -01 .04 -09 -07 .05 .02 24 -07 .04 -02 .01 1
A(IMPORTS_NET_NOSPR) 52 A2 48 13 .05 18 41 -07 A1 .01 .03 .09 31 .07 .10 .29 .06 .02 1
A(IMPORTS1) .09 .05 .07 .03 -01 35 -05 -.05 .04 .02 .06 -09 -.05 11 10 -09 -02 -07 .20 1
A(IMPORTS2) .08 .09 .06 .15 10 -.06 .03 -03 .04 -01 .03 -10 .03 -.07 13 .01 05 -02 .19 -05 1
A(IMPORTS3) 42 10 .39 .09 .02 .04 45  -01 -06 -.02 .05 14 .29 .01 .02 .30 .06 04 76 -23 -04 1
A(IMPORTS4) .06 .05 .05 .02 -.02 .09 .02 .06 .00 .03 .04 .03 .03 -02 -02 .03 .10 .03 .04 .04 -03 .00 1
A(IMPORTSS) .09 -05 11 -.03 .01 -.06 .00 -.08 31 .04 -11 .03 .10 .05 .00 .09 -.03 03 24 -13 -01 -15 -15
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Table 3--Polynomial distributed lag (PDL) estimation of impact of the futures spread changes on
Cushing crude inventory changes

The dependent variable, ASTOCK, is the weekly change Cushing crude inventories. Variable definitions are in
Appendix 1. Any (+1) variables indicate a lead for that specific variable. The regression is run via OLS
(Ordinary Least Squares) with the Newey-West adjustment. Data is weekly. Model 1 estimates over the
4/16/2004 - 7/08/2011 period, has 377 observations.

Panel A. Model 1 Model 1 winsorized
A Cushing stock A Cushing stock
2004-2011 2004-2011

Coeff. p-value Coeff. p-value
C -556.14 0.022 -588.92 0.008
A(SPOT_WTI) 23.98 0.159 20.11 0.183
AREFINERINPUT2) -0.22 0.703 -0.08 0.883
A(REFINERINPUT2)(+1) -0.25 0.673 -0.21 0.715
A(PROD _US) 0.55 0.039 0.59 0.021
A(PROD_US)(+1) -0.28 0.270 -0.26 0.307
A(IMPORTS?2) 0.43 0.212 0.37 0.266
A(IMPORTS2)(+1) -0.29 0.433 -0.30 0.387
Z2 185.98 0.002 190.82 0.001
Z3 -13.45 0.003 -13.80 0.002
Z4 0.33 0.011 0.34 0.008
Z5 0.00 0.036 0.00 0.025
APDL, 167.89 0.000 162.41 0.001
APDL, -59.45 0.001 -63.13 0.001
APDL; -0.12 0.952 0.30 0.878
APDL, 1.10 0.070 1.33 0.050
Joint Wald Test APDL;-APDL, 0.000 0.000

Adjusted R-squared 15% 16%

Panel B. A SPREAD2 1 A SPREAD2 1
Lags Coeff. p-value Coeff. p-value
0 282.03 0.000 265.64 0.000
1 324.29 0.000 319.85 0.000
2 333.20 0.000 334.89 0.000
3 315.40 0.000 318.71 0.000
4 277.50 0.000 279.27 0.000
5 226.12 0.000 224.52 0.000
6 167.89 0.000 162.42 0.000
7 109.42 0.023 100.91 0.028
8 57.33 0.246 47.95 0.307
9 18.26 0.698 11.49 0.799
10 -1.20 0.977 -0.50 0.990
11 5.60 0.900 19.92 0.692
12 45.26 0.574 80.70 0.386
Sum of Lags 2161.08 0.000 2165.76 0.000
42

Thomas K. Lee | U.S. Energy Information Administration | This paper is released to encourage discussion and critical comment. The
analysis and conclusions expressed here are those of the authors and not necessarily those of the U.S. Energy Information Administration.



Table 4--Polynomial distributed lag (PDL) estimation of the impact of the futures spread changes on the
U.S. non-SPR crude inventory changes

The dependent variable, ASTOCK, is the weekly change in U.S. non-SPR crude inventories. Variable
definitions are in Appendix 1. Lagged autoregressive error terms are included when needed. Any (+1) variables
indicate a lead for that specific variable. The regression is run via OLS (Ordinary Least Squares) with the
Newey-West adjustment. Data is weekly. Model 1 estimates over 12/11/1992 - 7/8/2011, has 969 observations
and is presented with original and 1% winsorized data; Model 2, over 12/11/1992 - 4/9/2004, has 591
observations; Model 3, over 4/23/2004 - 7/8/2011, has 376 observations; Model 4, excludes Cushing from U.S.
inventories for 4/23/2004 to 7/8/2011, has 377 observations.

Panel A. Model 1 Model 1 winsorized
A U.S. stock A U.S. stock
1992-2011 1992-2011
Coeff. p-value Coeff. p-value

C -1984.29 0.000 -1847.15 0.000
A(SPOT_WTI) -29.23 0.420 -26.32 0.470
A(REFINERINPUTUS) -1.03 0.017 -0.94 0.021
A(REFINERINPUTUS)(+1) 1.88 0.000 1.89 0.000
A(PROD_US) 4.21 0.000 4,18 0.000
A(PROD_US)(+1) 0.61 0.521 0.65 0.494
A(IMPORTS_US) 1.37 0.000 1.33 0.000
A(IMPORTS_US)(+1) -0.90 0.000 -0.88 0.000
Z2 1111.54 0.000 1078.12 0.000
Z3 -96.63 0.000 -94.53 0.000
Z4 2.81 0.000 2.76 0.000
Z5 -0.03 0.000 -0.03 0.000
APDL, 454.26 0.021 444,08 0.023
APDL, -68.21 0.152 -63.73 0.182
APDL; -7.48 0.274 -6.96 0.304
APDL, 1.38 0.406 1.27 0.448
Joint Wald Test APDL;-APDL, 0.017 0.018

Adjusted R-squared 28% 28%

Panel B. A SPREAD2 1 A SPREAD2 1
Lags Coeff. p-value Coeff. p-value
0 295.49 0.157 301.47 0.147
1 435.43 0.002 429.92 0.002
2 518.91 0.001 506.33 0.001
3 554.24 0.002 538.32 0.002
4 549.70 0.004 533.53 0.005
5 513.61 0.009 499,58 0.010
6 454.26 0.021 444.08 0.023
7 379.96 0.054 374.67 0.057
8 299.00 0.123 298.96 0.124
9 219.70 0.224 224.59 0.217
10 150.34 0.327 159.18 0.302
11 99.24 0.438 110.35 0.386
12 74.69 0.670 85.73 0.621
Sum of Lags 454457 0.005 4506.70 0.005
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Table 4 (continued)--Polynomial distributed lag (PDL) estimation of the impact of the futures spread changes
on the U.S. non-SPR crude inventory changes

Panel A. Model 2 Model 3 Model 4
A U.S. stock A U.S. stock Agﬁh?ﬂ%n-
1992-2004 2004-2011 2004-2011

Coeff. p-value Coeff. p-value Coeff. p-value
C -2558.21 0.000 -1557.91 0.066 -1330.06 0.067
A(SPOT_WTI) -64.10 0.568 0.46 0.983 -34.02 0.262
A(REFINERINPUTUS) -1.70 0.033 -1.30 0.000 -1.30 0.000
A(REFINERINPUTUS)(+1) 1.77 0.017 2.23 0.000 2.21 0.000
A(PROD_US) 4.02 0.092 3.02 0.000 3.00 0.000
A(PROD_US)(+1) -0.22 0.909 -0.32 0.669 0.20 0.788
A(IMPORTS_US) 1.16 0.000 1.88 0.000 1.81 0.000
A(IMPORTS_US)(+1) -0.71 0.004 -1.72 0.000 -1.54 0.000
Z2 1164.76 0.000 1160.14 0.000 1025.31 0.000
Z3 -97.58 0.000 -102.29 0.000 -90.76 0.000
Z4 2.77 0.000 2.95 0.000 2.64 0.000
Z5 -0.03 0.000 -0.03 0.000 -0.02 0.000
APDL, 1147.91 0.001 142.75 0.547 60.72 0.803
APDL, -85.05 0.398 -54.83 0.324 -12.94 0.823
APDL; -20.09 0.112 -5.31 0.393 -6.60 0.326
APDL, -0.28 0.937 1.77 0.211 0.82 0.625
AR(1) -0.15184 0.000 0.55464 0.000 0.47128 0.000
Joint Wald Test APDL;-APDL, 0.001 0.584 0.3721

Adjusted R-squared 21% 69% 61%

Panel B. A SPREAD2_1 A SPREAD2_1 A SPREAD2_1
Lags Coeff. p-value Coeff. p-value Coeff. p-value
0 995.87 0.046 -102.14 0.410 -277.19 0.061
1 1106.14 0.001 62.69 0.687 -142.57 0.364
2 1184.69 0.000 163.73 0.420 -45.85 0.828
3 1229.84 0.000 211.62 0.359 17.89 0.942
4 1239.89 0.000 217.00 0.367 53.61 0.834
5 1213.15 0.000 190.49 0.428 66.24 0.793
6 1147.91 0.001 142.75 0.547 60.72 0.802
7 1042.49 0.002 84.39 0.719 42.00 0.858
8 895.18 0.008 26.06 0.911 15.02 0.948
9 704.30 0.036 -21.62 0.923 -15.28 0.945
10 468.14 0.137 -48.00 0.815 -43.96 0.829
11 185.01 0.555 -42.44 0.804 -66.08 0.720
12 -146.78 0.739 5.67 0.969 -76.70 0.700
Sum of Lags 11265.80 0.000 890.20 0.667 -412.14 0.848
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Table 5--Polynomial distributed lag (PDL) estimation of the impact of the futures spread changes on PADD2
crude inventory changes

The dependent variable, ASTOCK, is the weekly change in PADD2 crude inventories. Variable definitions are in
Appendix 1. Any (+1) variables indicate a lead for that specific variable. The regression is run via OLS (Ordinary Least
Squares) with the Newey-West adjustment. Data is weekly. Model 1 estimates over 12/11/1992 - 7/8/2011, has 968
observations and is presented with original and 1% winsorized data; Model 2, over 12/11/1992 - 4/9/2004, has 591
observations; Model 3, over 4/16/2004 - 7/8/2011, has 377 observations; Model 4, excludes Cushing from PADD2
inventories from 4/16/2004 to 7/8/2011, has 377 observations.

Panel A. Model 1 Model 1 winsorized
A PADD?2 stock A PADD?2 stock
1992-2011 1992-2011

Coeff. p-value Coeff. p-value
C -1020.25 0.000 -1028.80 0.000
A(SPOT_WTI) 16.82 0.219 14.43 0.276
A(REFINERINPUT?2) -1.88 0.000 -1.81 0.000
A(REFINERINPUT2)(+1) 0.38 0.360 0.35 0.388
A(PROD _US) 0.92 0.021 0.90 0.021
A(PROD_US)(+1) 0.58 0.095 0.56 0.103
A(IMPORTS?2) 0.87 0.002 0.85 0.002
A(IMPORTS2)(+1) -0.51 0.099 -0.51 0.087
Z2 344.50 0.000 341.92 0.000
Z3 -25.92 0.000 -25.62 0.000
Z4 0.68 0.000 0.67 0.000
Z5 -0.01 0.000 -0.01 0.000
APDL, 289.48 0.000 278.10 0.000
APDL, -51.74 0.012 -48.89 0.012
APDL, -2.59 0.228 -2.53 0.211
APDL, 0.72 0.289 0.70 0.269
Joint Wald Test APDL;-APDL, 0.000 0.000

Adjusted R-squared 13% 13%

Panel B. A SPREAD2 1 A SPREAD2 1
Lags Coeff. p-value Coeff. p-value
0 351.06 0.000 330.11 0.000
1 393.38 0.000 372.35 0.000
2 408.90 0.000 388.67 0.000
3 401.94 0.000 383.23 0.000
4 376.84 0.000 360.20 0.000
5 337.91 0.000 323.77 0.000
6 289.48 0.000 278.10 0.000
7 235.88 0.000 227.38 0.000
8 181.42 0.002 175.76 0.002
9 130.44 0.029 127.44 0.028
10 87.25 0.128 86.57 0.120
11 56.18 0.316 57.35 0.298
12 41,55 0.589 43.93 0.564
Sum of Lags 3292.21 0.000 3154.85 0.000
45

Thomas K. Lee | U.S. Energy Information Administration | This paper is released to encourage discussion and critical comment. The
analysis and conclusions expressed here are those of the authors and not necessarily those of the U.S. Energy Information Administration.



Table 5 (continued)--Polynomial distributed lag (PDL) estimation of the impact of the futures spread changes on
PADD?2 crude inventory changes

Panel A. Model 2 Model 3 Model 4
A PADD2 stock A PADD2 stock A Pél?slr)]izng““'
1992-2004 2004-2011 2004-2011

Coeff.  p-value Coeff.  p-value Coeff.  p-value
C -850.00 0.000 -1073.35 0.002 -517.21 0.072
A(SPOT_WTI) -15.93 0.735 19.03 0.212 -4.95 0.726
AREFINERINPUT2) -1.80 0.000 -2.23 0.001 -2.01 0.001
A(REFINERINPUT2)(+1) 0.64 0.225 -0.11 0.868 0.14 0.799
A(PROD_UYS) 0.06 0.897 1.49 0.001 0.95 0.015
A(PROD_US)(+1) 0.94 0.156 0.17 0.610 0.45 0.125
A(IMPORTS?2) 0.71 0.047 1.23 0.004 0.80 0.026
A(IMPORTS2)(+1) -0.47 0.238 -0.55 0.221 -0.26 0.499
Z2 309.33 0.000 383.50 0.000 197.52 0.008
Z3 -24.00 0.000 -28.71 0.000 -15.26 0.008
Z4 0.64 0.000 0.74 0.001 0.41 0.016
Z5 -0.01 0.000 -0.01 0.003 0.00 0.030
APDL; 602.68 0.000 205.46 0.002 37.57 0.497
APDL, -109.90 0.000 -31.27 0.194 28.18 0.154
APDL; -5.82 0.223 -2.14 0.429 -2.02 0.426
APDL, 2.89 0.008 0.03 0.970 -1.07 0.116
Joint Wald Test APDL;-APDL, 0.000 0.001 0.3416

Adjusted R-squared 11% 17% 5%

Panel B A SPREAD2 1 A SPREAD2 1 A SPREAD2 1
Lags Coeff.  p-value Coeff.  p-value Coeff.  p-value
0 428.66 0.023 309.69 0.005 27.66 0.784
1 645.63 0.000 304.65 0.000 -19.63 0.780
2 764.31 0.000 294.44 0.000 -38.76 0.558
3 802.02 0.000 279.24 0.000 -36.16 0.595
4 776.10 0.000 259.22 0.000 -18.28 0.782
5 703.87 0.000 234.57 0.001 8.45 0.889
6 602.68 0.000 205.46 0.002 37.57 0.497
7 489.84 0.000 172.08 0.013 62.67 0.240
8 382.70 0.001 134.61 0.064 77.28 0.160
9 298.58 0.007 93.23 0.205 74.97 0.190
10 254.81 0.017 48.11 0.484 49.31 0.395
11 268.73 0.020 -0.56 0.993 -6.15 0.922
12 357.67 0.027 -52.60 0.504 -97.85 0.261
Sum of Lags 6775.59 0.000 2282.15 0.000 121.08 0.837
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Table 6--Polynomial distributed lag (PDL) estimation of the impact of the futures spread changes on PADD 1,3,4 and 5
crude inventory changes

The dependent variable, ASTOCK, is the weekly change PADD 1,3,4 and 5 crude inventories. Variable definitions are in Appendix 1. Lagged
autoregressive and moving average error terms are included when needed. Any (+1) variables indicate a lead for that specific variable. X denotes
1,3,4, and 5 for the PADD 1,3,4 and 5 equations respectively. The regression is run via OLS (Ordinary Least Squares) with the Newey-West
adjustment. The weekly data is from 12/11/1992 to 7/08/2011 and has 968 observations.

Panel A. A PADDI1 stock A PADD3 stock A PADD4 stock A PADDS stock

Coeff. p-value Coeff. p-value Coeff. p-value Coeff. p-value
C 72.09 0.374 -650.44 0.289 -114.41 0.013 -520.45 0.064
A(SPOT_WTI) 1.48 0.803 -13.22 0.702 -0.05 0.989 -26.68 0.156
A(REFINERINPUT_X) -0.71 0.109 -0.78 0.070 -2.00 0.000 -2.42 0.001
AREFINERINPUT_ X)(+1) 1.59 0.000 1.70 0.001 1.80 0.000 0.59 0.391
A(PROD_US) 0.18 0.547 0.95 0.384 0.10 0.222 1.71 0.003
A(PROD_US)(+1) 0.13 0.588 1.16 0.212 0.12 0.143 -1.05 0.102
A(IMPORTS_X) 0.60 0.000 1.22 0.000 0.20 0.413 1.47 0.000
A(IMPORTS_X)(+1) -0.62 0.000 -0.91 0.000 -0.16 0.456 -0.67 0.015
Z2 7.19 0.723 506.15 0.000 52.65 0.000 253.93 0.000
Z3 -0.66 0.658 -45.68 0.000 -4.43 0.000 -22.61 0.000
Z4 0.01 0.740 1.37 0.000 0.13 0.000 0.66 0.000
Z5 0.00 0.793 -0.01 0.000 0.00 0.000 -0.01 0.000
APDL, -4.30 0.830 152.87 0.352 -13.05 0.450 60.97 0.251
APDL, 16.59 0.154 0.75 0.986 -3.62 0.492 -25.18 0.245
APDL; 0.38 0.776 -3.93 0.512 0.65 0.347 -3.26 0.182
APDL, -0.76 0.108 0.08 0.958 0.13 0.478 0.81 0.288
AR(1) 0.33 0.000 -0.12 0.002 -0.30 0.000
AR(2) 0.07 0.036
MA(1) -0.921 0.000
Joint Wald Test APDL;-APDL, 0.548 0.926 0.784 0.539
Adjusted R-squared 34% 23% 7% 15%
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Table 7 --Alternative specification models of the impact of the futures spread changes on Cushing crude
inventory changes. Alternatives include--using %_Cushing inventory change as a dependent variable, adding
lagged and cross-PADD controls.

The dependent variable, ASTOCK, is the weekly change in Cushing inventories. In Model 1, it is the percentage
change * 100, while in Models 2 and 3 it is the barrel change in inventories. Variable definitions are in Appendix 1.
Any (+ 1) variable indicates a lead for that specific variable, while (-1) is a lag. The regression is run via OLS
(Ordinary Least Squares) with the Newey-West adjustment. Data is weekly. Models 1-3 estimate over 2004-2011, have
377 observations. Model 1 uses percentage instead of barrel ASTOCK, Model 2 adds lagged variables, Model 3 adds
cross-PADD controls.

Panel A. Model 1 Model2-with lags Model 3-with PADD3
% A Cushing stock A Cushing stock A Cushing stock
2004-2011 2004-2011 2004-2011

Coeff. p-value Coeff. p-value Coeff. p-value

C -270.08 0.005 -515.15  0.036 -532.50 0.026

A(SPOT_WTI) 12.36 0.095 2291  0.168 21.55 0.200
A(REFINERINPUT 2)(-1) 136  0.006

A(REFINERINPUT 2) -0.15 0.618 -0.03  0.961 -0.26 0.651

AREFINERINPUT 2)(+1) -0.17 0.577 -0.03  0.954 -0.17 0.774
A(PROD_US)(-1) 0.53  0.064

A(PROD_US) 0.33 0.014 0.68  0.006 0.37 0.128

A(PROD_US)(+1) -0.13 0.363 -0.20  0.385 -0.40 0.118
A(IMPORTS 2)(-1) -0.34  0.393

A(IMPORTS 2) 0.25 0.150 021 0573 0.41 0.223

A(IMPORTS _2)(+1) -0.09 0.556 -045  0.202 -0.43 0.225

A(STOCKS 3) -0.03 0.121

A(IMPORTS _3) 0.26 0.001

Z2 91.97 0.000 178.13  0.004 194.89 0.001

Z3 -6.64 0.001 -13.24  0.005 -14.59 0.002

Z4 0.17 0.006 0.34  0.011 0.37 0.006

Z5 0.00 0.023 0.00  0.029 0.00 0.019

APDL, 62.55 0.001 164.07  0.001 173.22 0.000

APDL, -23.22 0.001 -59.93  0.000 -59.11 0.000

APDL; 0.11 0.906 0.06  0.977 -0.18 0.924

APDL, 0.37 0.117 1.14  0.060 1.06 0.077

Joint Wald Test APDL;-APDL, 0.000 0.000 0.000

Adjusted R-squared 12% 17% 17%
Panel B. ASPREAD2 1 ASPREAD2 1 A SPREAD2 1

Lags Coeff. p-value Coeff. p-value Coeff. p-value

0 125.64 0.000 279.69  0.000 292.69 0.000

1 134.97 0.000 322,77  0.000 331.91 0.000

2 133.40 0.000 331.80  0.000 339.01 0.000

3 123.14 0.000 313.61  0.000 320.34 0.000

4 106.44 0.000 275.04  0.000 282.25 0.000

5 85.50 0.000 222,92 0.000 231.09 0.000

6 62.55 0.001 164.07  0.000 173.22 0.000

7 39.81 0.040 105.34  0.033 114.98 0.015

8 19.50 0.316 5356  0.298 62.73 0.197

9 3.85 0.833 1554  0.752 22.81 0.621

10 -4.92 0.760 -1.86  0.965 1.58 0.968

11 -4.59 0.811 8.18  0.848 5.39 0.901

12 7.07 0.840 5249  0.494 40.58 0.607

Sum of Lags 832.35 0.000 2143.13  0.000 2218.59 0.000
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Table 8--Alternative specification models of the impact of the futures spread changes on U.S. crude inventory changes.
Alternatives include--using %_U.S. inventory change as a dependent variable and adding lagged controls.

The dependent variable ASTOCK, is the weekly change in U.S. non-SPR inventories. In Models 1 and 2, it is the percentage
change *100, while in Models 3 and 4 it is the barrel change in inventories. Variable definitions are in Appendix 1. Lagged
autoregressive and moving average error terms are included when needed. Any (+ 1) variable indicates a lead for that specific
variable, while (-1) is a lag. The regression is run via OLS (Ordinary Least Squares) with the Newey-West adjustment. Data is
weekly. Models 1 and 3 estimate over 1992-2011 and have 969 observations; Models 2 and 4 over 2004-2011 and have 377
observations.

Panel A. Model 1 Model 2 Model3-with lags Model4-with lags
HALS. % A U.S. stock AUSS. stock AUSS. stock
1992-2011 2004-2011 1992-2011 2004-2011
Coeff.  p-value Coeff. p-value Coeff.  p-value Coeff.  p-value
C -61.454 0.000 -71.069 0.003 -2363.15 0.000 -2247.78  0.003
A(SPOT_WTI) -1.032 0.366 -0.026 0.966 -25.61 0.451 8.44 0.648
A(REFINERINPUTUS)(-1) -1.45 0.000 -0.55 0.092
AREFINERINPUTUS) -0.031 0.024 -0.040 0.000 -1.61 0.000 -2.16  0.000
A(REFINERINPUTUS)(+1) 0.062 0.000 0.065 0.000 1.45 0.000 1.80 0.000
A(PROD_US)(-1) 3.77 0.000 2.93 0.000
A(PROD_US) 0.142 0.000 0.088 0.000 5.11 0.000 5.03 0.000
A(PROD_US)(+1) 0.021 0.502 -0.018 0.409 0.60 0.559 0.28 0.669
A(IMPORTS_US)(-1) 0.90 0.000 1.49 0.000
A(IMPORTS_US) 0.044 0.000 0.057 0.000 2.05 0.000 3.21 0.000
A(IMPORTS_US)(+1) -0.028 0.000 -0.055 0.000 -0.57 0.003 -1.11 0.000
Z2 34.913 0.000 41.034 0.000 1172.76  0.000 1275.53 0.000
Z3 -3.040 0.000 -3.519 0.000 -98.63 0.000 -108.28 0.000
Z4 0.089 0.000 0.101 0.000 2.81 0.000 3.08 0.000
Z5 -0.001 0.000 -0.001 0.000 -0.03 0.000 -0.03 0.000
APDL, 14.342 0.014 9.582 0.127 472,80 0.011 238.67 0.278
APDL, -2.054 0.166 -1.600 0.331 -67.18 0.155 -84.50 0.084
APDL; -0.254 0.220 -0.302 0.060 -9.18 0.146 -6.79  0.220
APDL, 0.041 0.428 0.061 0.141 1.24 0.447 2.16 0.084
AR(1) 0.609 0.000 0.57 0.000
AR(2) -0.004 0.948
AR(3) -0.191 0.001
Joint Wald Test APDL;-APDL, 0.017 0.097 0.010 0.304
Adjusted R-squared 28% 70% 31% 76%
Panel B. A SPREAD2 1 A SPREAD2 1 A SPREAD2 1 A SPREAD2 1
Lags Coeff.  p-value Coeff. p-value Coeff.  p-value Coeff.  p-value
0 8.69 0.186 -4.92 0.120 278.25 0.157 34.78 0.709
1 13.15 0.003 2.37 0.599 424,62 0.002 221.49 0.085
2 15.88 0.001 7.23 0.222 515.51 0.000 329.83 0.055
3 17.12 0.002 10.01 0.131 558.35 0.001 372.76 0.060
4 17.11 0.003 11.08 0.101 560.56 0.001 363.24 0.085
5 16.10 0.006 10.82 0.099 529.57 0.004 314.23 0.148
6 14.34 0.014 9.58 0.127 472,81 0.011 238.67 0.282
7 12.08 0.037 7.74 0.205 397.68 0.038 149.54 0.509
8 9.55 0.094 5.66 0.349 311.63 0.106 59.78 0.794
9 7.00 0.189 3.72 0531 222.08 0.223 -17.65 0.936
10 469 0.306 2.27 0.680 136.45 0.375 -69.79 0.726
11 2.85 0.464 1.69 0.719 62.16 0.609 -83.68 0.595
12 1.73 0.747 2.34 0.560 6.64 0.967 -46.37 0.685
Sum of Lags 140.29 0.003 69.60 0.211 4476.30 0.004 1866.82 0.340
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Table 9--Alternative specification models of the impact of futures spread changes on Cushing and U.S. (non-SPR)

crude inventory changes. Alternatives include using monthly seasonal dummies and non-PDL spread structure.
The dependent variable, ASTOCK, is the weekly change in inventories for Cusing in Model 1 and for U.S (non-SPR) in
Models 2 and 3. These models do not use APDL spread terms and seasonal Z variables, but use actual spread lags and
monthly dummy variables. Variable definitions are in Appendix 1. Lagged autoregressive and moving average error terms
are included when needed. Any (+ 1) variables indicate a lead for that specific variable. X denotes PADD 2 data in Model 1
and U.S. data in Models 2 and 3. The regression is run via OLS (Ordinary Least Squares) with the Newey-West adjustment.
Models 1 evaluates Cushing inventory changes from 2004-2001 has 377 observations; Model 2 U.S. inventory changes from
1992-2011 has 969 observations; Model 3 U.S. inventory changes from 2004-2011, has 377 observations.

Model 1-no PDL or Zs  Model 2-no PDL or Zs Model 3-no PDL or Zs

A Cushing stock A U.S. stock A U.S. stock
2004-2011 1992-2011 2004-2011

Coeff.  p-value Coeff.  p-value Coeff.  p-value
C 490.84 0.004 -1990.45 0.000 -2020.14 0.010
A(SPOT_WTI) 4.86 0.727 -45.39 0.118 3.13 0.876
A(REFINERINPUT_X) -0.15 0.817 -1.26 0.005 -1.50 0.000
A(REFINERINPUT_X)(+1) -0.41 0.517 1.72 0.000 2.15 0.000
A(PROD_US) 0.40 0.139 3.90 0.000 2.77 0.000
A(PROD_US)(+1) -0.31 0.275 0.21 0.825 -0.56 0.460
A(IMPORTS_X) 0.36 0.322 1.31 0.000 1.83 0.000
A(IMPORTS_X)(+1) -0.31 0.405 -0.96 0.000 -1.82 0.000
JAN -649.41 0.001 2539.72 0.000 3099.97 0.001
FEB -565.73 0.012 2716.80 0.000 3359.83 0.000
MAR -31.41 0.890 4205.47 0.000 4017.87 0.000
APR -231.04 0.249 3486.20 0.000 3828.18 0.000
MAY -477.90 0.035 2142.67 0.000 2295.30 0.016
JUN -771.39 0.003 926.52 0.089 982.58 0.284
JUL -297.25 0.269 1019.91 0.048 1201.85 0.186
AUG -762.99 0.001 1059.09 0.047 1219.87 0.204
SEP -934.94 0.000 690.61 0.236 698.94 0.450
OCT -467.93 0.044 3273.74 0.000 3096.60 0.003
NOV 33.93 0.879 2187.38 0.000 2396.10 0.010
A Spread2(-1) 90.92 0.328 419.65 0.017 147.96 0.376
A Spread2(-2) 245.56 0.000 342.70 0.114 40.73 0.863
A Spread2(-3) 285.23 0.000 130.71 0.591 -20.67 0.943
A Spread2(-4) 164.99 0.022 419.62 0.068 176.90 0.480
A Spread2(-5) 176.31 0.001 478.21 0.055 483.24 0.030
A Spread2(-6) 97.54 0.097 882.58 0.001 754.19 0.008
A Spread2(-7) 176.81 0.009 565.98 0.069 521.06 0.090
A Spread2(-8) 95.09 0.177 240.18 0.395 168.80 0.600
A Spread2(-9) 6.05 0.907 189.11 0.446 -90.19 0.705
A Spread2(-10) -28.03 0.536 22.72 0.899 -62.01 0.739
A Spread2(-11) -55.49 0.298 -65.46 0.729 -59.92 0.741
A Spread2(-12) 77.16 0.143 220.94 0.318 82.74 0.609
AR(1) 0.58 0.000
AR(2) -0.02 0.732
AR(3) -0.13 0.049
Joint Wald Test A SPRD2 0.000 0.039 0.252
Adjusted R-squared 15% 28% 70%
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Table 10 --Alternative specification models of the impact of the futures spread changes on Cushing and total
U.S. (non-SPR) inventory changes. Alternative spread definition is the difference between the two-month future
and the spot WTI crude price.

The dependent variable, ASTOCK, is the weekly change in inventories for Cushing in Model 1 and for U.S (non-SPR)
in Models 2 and 3. Variable definitions are in Appendix 1. Lagged autoregressive and moving average error terms are
included when needed. Any (+ 1) variables indicate a lead for that specific variable. X denotes PADD 2 data in
Model 1 and U.S. data in Models 2 and 3. The regression is run via OLS (Ordinary Least Squares) with the Newey-
West adjustment. Data is weekly. Models 1 evaluates over 2004-2001, has 377 observations; Model 2, over 1992-
2011, has 969 observations; Model 3, over 2004-2011, has 377 observations.

Panel A. Model 1 Model2 Model 3
A Cushing stock A U.S. stock A U.S. stock
2004-2011 1992-2011 2004-2011

Coeff. p-value Coeff. p-value Coeff. p-value
C -584.66 0.018 -1985.58 0.000 -1516.11 0.073
A(SPOT_WTI) 12.74 0.419 -34.42 0.347 3.46 0.876
A(REFINERINPUT_X) -0.20 0.739 -1.03 0.017 -1.29 0.000
A(REFINERINPUT_X)(+1) -0.27 0.661 1.88 0.000 2.25 0.000
A(PROD_US) 0.55 0.040 4.19 0.000 2.97 0.000
A(PROD_US)(+1) -0.28 0.279 0.57 0.538 -0.44 0.553
A(IMPORTS_X) 0.44 0.203 1.37 0.000 1.89 0.000
A(IMPORTS_X)(+1) -0.27 0.464 -0.90 0.000 -1.71 0.000
Z2 194.54 0.002 1107.82 0.000 1158.45 0.000
Z3 -14.05 0.003 -96.24 0.000 -102.24 0.000
Z4 0.35 0.011 2.80 0.000 2.95 0.000
Z5 0.00 0.036 -0.03 0.000 -0.03 0.000
APDL, 143.89 0.001 395.21 0.020 94.03 0.633
APDL, -55.68 0.001 -57.10 0.111 -70.47 0.081
APDL; -1.63 0.228 -7.28 0.142 -4.03 0.436
APDL, 1.43 0.009 1.24 0.275 1.64 0.122
AR(1) 0.55 0.000
Joint Wald Test APDL;-APDL, 0.000 0.039 0.287

Adjusted R-squared 13% 28% 69%

Panel B. A SPREAD2_SPOT A SPREAD2 SPOT A SPREAD2_SPOT
Lags Coeff. p-value Coeff. p-value Coeff. p-value
0 111.46 0.043 208.10 0.119 18.07 0.862
1 203.41 0.000 343.83 0.003 140.95 0.254
2 249.33 0.000 427.83 0.002 206.64 0.200
3 257.79 0.000 467.53 0.003 224.97 0.227
4 237.34 0.000 470.37 0.005 205.76 0.298
5 196.52 0.000 443.79 0.009 158.83 0.426
6 143.89 0.000 395.21 0.020 94.03 0.633
7 88.01 0.042 332.07 0.047 21.18 0.912
8 37.41 0.422 261.80 0.107 -49.90 0.788
9 0.66 0.989 191.85 0.205 -109.37 0.528
10 -13.70 0.731 129.64 0.323 -147.40 0.327
11 2.89 0.927 82.61 0.445 -154.17 0.175
12 58.98 0.236 58.20 0.637 -119.84 0.118
Sum of Lags 1574.00 0.000 3812.82 0.010 489.74 0.772
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Table 11 --Alternative specification models of the impact of the futures spread changes on Cushing and total
U.S. (non-SPR) inventory changes. Alternative spread definition is the difference between the three- and one-
month WTI crude futures.

The dependent variable, ASTOCK, is the weekly change in inventories for Cusing in Model 1 and for U.S (non-
SPR) in Models 2 and 3. Variable definitions are in Appendix 1. Lagged autoregressive and moving average error
terms are included when needed. Any (+ 1) variables indicate a lead for that specific variable. X denotes PADD 2
data in Model 1 and U.S. data in Models 2 and 3. The regression is run via OLS (Ordinary Least Squares) with the
Newey-West adjustment. Data is weekly. Models 1 estimates over 2004-2001, has 377 observations; Model 2, over
1992-2011, has 969 observations; Model 3, over 2004-2011, has 377 observations.

Panel A. Model 1 Model2 Model 3
A Cushing stock A U.S. stock A U.S. stock
2004-2011 1992-2011 2004-2011

Coeff.  p-value Coeff. p-value Coeff. p-value
C -554.72 0.029 -2001.48 0.000 -1656.81 0.053
A(SPOT_WTI) 24.64 0.167 -25.83 0.499 1.24 0.955
A(REFINERINPUT_X) -0.21 0.724 -1.02 0.018 -1.30 0.000
AREFINERINPUT_ X)(+1) -0.27 0.650 1.88 0.000 2.23 0.000
A(PROD_US) 0.55 0.037 4.20 0.000 3.02 0.000
A(PROD_US)(+1) -0.27 0.271 0.61 0.514 -0.32 0.662
A(IMPORTS_X) 0.43 0.208 1.37 0.000 1.89 0.000
A(IMPORTS_X)(+1) -0.27 0.452 -0.90 0.000 -1.71 0.000
Z2 185.02 0.003 1114.38 0.000 1174.50 0.000
Z3 -13.36 0.005 -96.90 0.000 -103.20 0.000
Z4 0.33 0.014 2.82 0.000 2.98 0.000
Z5 0.00 0.041 -0.03 0.000 -0.03 0.000
APDL, 105.49 0.001 326.70 0.008 146.23 0.340
APDL, -38.47 0.003 -43.97 0.184 -22.10 0.554
APDL; -0.19 0.886 -5.04 0.260 -4.27 0.313
APDL, 0.71 0.110 0.93 0.423 0.83 0.402
AR(1) 0.55 0.000
Joint Wald Test APDL;-APDL, 0.000 0.008 0.795

Adjusted R-squared 15% 28% 69%

Panel B. A SPREAD3 1 A SPREAD3 1 A SPREAD3 1
Lags Coeff. p-value Coeff. p-value Coeff. p-value
0 175.92 0.003 207.33 0.157 -53.42 0.587
1 204.23 0.000 303.79 0.002 46.67 0.657
2 210.84 0.000 362.15 0.000 113.42 0.391
3 200.00 0.000 388.02 0.001 151.79 0.310
4 175.98 0.000 387.00 0.001 166.74 0.284
5 143.06 0.000 364.69 0.003 163.24 0.293
6 105.49 0.001 326.70 0.008 146.23 0.340
7 67.54 0.042 278.63 0.025 120.69 0.428
8 33.49 0.346 226.08 0.069 91.57 0.546
9 7.59 0.828 174.65 0.137 63.83 0.665
10 -5.89 0.845 129.96 0.197 42.44 0.754
11 -2.68 0.925 97.59 0.257 32.34 0.779
12 21.48 0.665 83.17 0.498 38.51 0.711
Sum of Lags 1337.03 0.000 3329.74 0.001 1124.05 0.403
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