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INTRODUCTION: THEGLOBALMARKETFORCRUDEOIL

§ Twoviewson themarket for crudeoil:
1. It is fairly integrated, global and liquid:

Ø Price of same quality crude in differentmarkets shouldmove in
parallel fashion, andprice differences shouldprimarily reflect
transaction and transportation costs. 

2. Asecondview is that the oilmarket is somewhat fragmentedand
regionalized:
Ø Prices in different regions are the result of localmarket conditions

andonewouldnot expect oil prices of similar crudes tomove
together. 

Ø Ourwork aims to contribute to the existing literature
that: 
Ø Analyzes towhat extent the globalmarket for crudeoil is

indeedone great pool.
Ø Aimsat identifyingmajordrivers of theBrent-WTI spread

aswell as themagnitude of the effect of these drivers. 

¡ Global crude trade is dominatedby twobenchmark
prices:
Ø WestTexas Intermediate (WTI) which is theprimary

benchmark in theU.S.,

Ø Brent againstwhichmost crudes in the rest of the
world arequoted; (with the exceptionofOman/Dubaiwhich is the
dominantbenchmark in theFarEast.) 

Ø Oil is still theworld’s primary sourceof energy and, it
is an inputmainly used toproduce refinedpetroleum
products such as gasoline, distillates andheavy fuel
oil. 



INTRODUCTION: THEBRENT-WTISPREADDEFINED

¡ Brent-WTI spread is typically definedas:

Brent-WTI spread is typically defined as the difference in spot prices at time t:

SpreadBrent!WTI
t ¼PBrent

t ! PWTI
t (1)

Historically we observe that until January of 2011 Brent was typically selling at a small discount to WTI while after that and until
January of 2020 (last month of data considered) this relationship has been reversed with WTI almost consistently selling at a discount to
Brent (see Figs. 1 and 2).

Prior literature also examines the importance of structural breaks in the Brent-WTI spread and often finds the spread to be stationary
and the global market to be fairly integrated Gülen (1997, 1999), Fattouh (2010), although the latter notes that the global link between
regional crude oil prices can be interrupted during times of adjustments.

Büyükşahin et al. (2013) examine crude oil price data from 2000 to 2012 and find two structural breaks in the spread, in 2008 and
2010 while Chen et al. (2015) find a structural change in the Brent-WTI spread to have occurred in 2010 with a time series switch from
stationary to non-stationary. Ji and Fan (2015) analyze world crude oil market integration by looking at the relationship between WTI,
Brent, Dubai, Tapis and Nigeria from 2000 to 2010 and find that markets were integrated until late 2010 but diverged thereafter. They
also find that WTI was a price setter until late 2010 and that Brent took over in 2011. Liu et al. (2018) investigate the stationarity of the
Brent-WTI spread and the drivers of the spread over the years 1994 through 2016. They too, find that the time series switches from
stationary to non-stationary in December 2010 and they use an impulse response function to show that the spread is mainly driven by US
production shocks. Scheitrum et al. (2018) analyze the relationship between WTI and Brent futures. They find a structural break in the
price spread in January 2011 which they attribute among other factors, to the increase in U.S. crude production. Agerton and Upton
(2019) analyze the impact of transportation constraints versus the U.S. Crude Oil Export Ban on the Brent-WTI spread over the years
1990–2015 and find that up to 75% of the changes in the spread can be explained by transportation constraints.

This paper adds to the existing literature that aims to determine whether or not the world market for crude oil is indeed ‘one great
pool’ by analyzing important determinants of the Brent-WTI spread. To the best of our knowledge, our research is innovative in that it
considers the place of physical competition between Brent and WTI as a major driver of the spread. This market clearing location moves
over time in response to changes in crude oil supply and/or demand worldwide that alter crude oil trading patterns. Supply side factors
that have played an important role over the past two decades include the emergence of new producers and the U.S. tight oil revolution
while on the demand side we observed the rise in importance of demand centers in Asia and the Middle East.

The remaining paper is structured as follows. Section 2 analyzes the surge in U.S. crude oil production. Section 3 presents the
methodology and data used, and provides details for three scenarios analyzingmajor determinants of the Brent-WTI over the time period
of September 2005 through the end of January 2020. Section 4 discusses the results of our analysis. Section 5 concludes the paper.

2. The surge in U.S. crude oil production

The tight oil boom allowed the U.S., once the world’s biggest importer of crude oil, to become the world’s leading producer in 20172

(U.S. Energy Information Administration, 2018). In 2019 U.S. crude oil production averaged over 17 MMB/d3 with 63% coming from
tight oil (Fig. 3). The U.S. thus accounts for 18% of global crude production followed by Saudi Arabia and Russia, each accounting for
slightly over 12% (B.P., 2020). At the same time as the U.S. experienced a tight oil boom, output of BFOE (Brent Blend, Forties Blend,
Oseberg and Ekofisk) experienced an almost sustained drop (Büyükşahin et al., 2013). The U.S. transition to self-sufficiency has not only
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Fig. 1. Brent-WTI spread January 1990–January 2020.
(Source: Data retrieved from EIA’s Data Browser; available at: www.eia.gov; accessed July 2020)

2 Note also that proved oil reserves reached over 39 billion barrels at the end 2017.
3 “Includes crude oil, shale oil, oil sands, condensates (both lease condensate and gas plant condensate) and NGLs (natural gas liquids – ethane, LPG

and naphtha separated from the production of natural gas). Excludes liquid fuels from other sources such as biomass and derivatives of coal and
natural gas.” B.P, 2020. Note that crude oil production per se averaged 12.8 MB per day in January 2020 (U.S. Energy Information Agency, 2020).
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INTRODUCTION: THEBRENT-WTISPREAD 01/1990-01/2020

Brent-WTI spread is typically defined as the difference in spot prices at time t:

SpreadBrent!WTI
t ¼PBrent

t ! PWTI
t (1)

Historically we observe that until January of 2011 Brent was typically selling at a small discount to WTI while after that and until
January of 2020 (last month of data considered) this relationship has been reversed with WTI almost consistently selling at a discount to
Brent (see Figs. 1 and 2).

Prior literature also examines the importance of structural breaks in the Brent-WTI spread and often finds the spread to be stationary
and the global market to be fairly integrated Gülen (1997, 1999), Fattouh (2010), although the latter notes that the global link between
regional crude oil prices can be interrupted during times of adjustments.

Büyükşahin et al. (2013) examine crude oil price data from 2000 to 2012 and find two structural breaks in the spread, in 2008 and
2010 while Chen et al. (2015) find a structural change in the Brent-WTI spread to have occurred in 2010 with a time series switch from
stationary to non-stationary. Ji and Fan (2015) analyze world crude oil market integration by looking at the relationship between WTI,
Brent, Dubai, Tapis and Nigeria from 2000 to 2010 and find that markets were integrated until late 2010 but diverged thereafter. They
also find that WTI was a price setter until late 2010 and that Brent took over in 2011. Liu et al. (2018) investigate the stationarity of the
Brent-WTI spread and the drivers of the spread over the years 1994 through 2016. They too, find that the time series switches from
stationary to non-stationary in December 2010 and they use an impulse response function to show that the spread is mainly driven by US
production shocks. Scheitrum et al. (2018) analyze the relationship between WTI and Brent futures. They find a structural break in the
price spread in January 2011 which they attribute among other factors, to the increase in U.S. crude production. Agerton and Upton
(2019) analyze the impact of transportation constraints versus the U.S. Crude Oil Export Ban on the Brent-WTI spread over the years
1990–2015 and find that up to 75% of the changes in the spread can be explained by transportation constraints.

This paper adds to the existing literature that aims to determine whether or not the world market for crude oil is indeed ‘one great
pool’ by analyzing important determinants of the Brent-WTI spread. To the best of our knowledge, our research is innovative in that it
considers the place of physical competition between Brent and WTI as a major driver of the spread. This market clearing location moves
over time in response to changes in crude oil supply and/or demand worldwide that alter crude oil trading patterns. Supply side factors
that have played an important role over the past two decades include the emergence of new producers and the U.S. tight oil revolution
while on the demand side we observed the rise in importance of demand centers in Asia and the Middle East.

The remaining paper is structured as follows. Section 2 analyzes the surge in U.S. crude oil production. Section 3 presents the
methodology and data used, and provides details for three scenarios analyzingmajor determinants of the Brent-WTI over the time period
of September 2005 through the end of January 2020. Section 4 discusses the results of our analysis. Section 5 concludes the paper.

2. The surge in U.S. crude oil production

The tight oil boom allowed the U.S., once the world’s biggest importer of crude oil, to become the world’s leading producer in 20172

(U.S. Energy Information Administration, 2018). In 2019 U.S. crude oil production averaged over 17 MMB/d3 with 63% coming from
tight oil (Fig. 3). The U.S. thus accounts for 18% of global crude production followed by Saudi Arabia and Russia, each accounting for
slightly over 12% (B.P., 2020). At the same time as the U.S. experienced a tight oil boom, output of BFOE (Brent Blend, Forties Blend,
Oseberg and Ekofisk) experienced an almost sustained drop (Büyükşahin et al., 2013). The U.S. transition to self-sufficiency has not only
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Fig. 1. Brent-WTI spread January 1990–January 2020.
(Source: Data retrieved from EIA’s Data Browser; available at: www.eia.gov; accessed July 2020)

2 Note also that proved oil reserves reached over 39 billion barrels at the end 2017.
3 “Includes crude oil, shale oil, oil sands, condensates (both lease condensate and gas plant condensate) and NGLs (natural gas liquids – ethane, LPG

and naphtha separated from the production of natural gas). Excludes liquid fuels from other sources such as biomass and derivatives of coal and
natural gas.” B.P, 2020. Note that crude oil production per se averaged 12.8 MB per day in January 2020 (U.S. Energy Information Agency, 2020).
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INTRODUCTION: THESURGE INU.S.CRUDEPRODUCTION

¡ The tight oil boomallowed theU.S. once theworld’sbiggest importer of crudeoil tobecome theworld’s
leadingproducer in 2017.

¡ In 2019 U.S. crudeoil productionaveragedover 17 MMB/dwith 63%coming fromtight oil.

¡ TheU.S. in 2019 accounts for 18%ofglobal crudeproduction followedbySaudiArabia andRussia, each
accounting for around 12%. 

¡ TheU.S. transitioning to self sufficiency:
à Led to aweakeningofOPEC’s positionon theworldmarket for crude

à Changed international tradepatterns



INTRODUCTION: THESURGE INU.S.CRUDEPRODUCTION

U.S. CONVENTIONALANDTIGHTOILPRODUCTION (01/2000-01/2021) (BASEDONDATAFROMEIA)

at Sullom Voe (Shetland Islands) in the North Sea and transported via vessel. We hypothesize that while Brent and WTI have different
price settlement points, the place of physical competition can change with changes in market conditions and therefore does not
necessarily coincide with the price settlement point for either of the two crudes. Furthermore, we hypothesize that the location of
physical competition is at the heart of crude oil traders’ calculations when making their buying and selling decisions. Hence, it is an
important factor when analyzing the determinants of the Brent-WTI spread.

In what follows we present three different scenarios (SC1, SC2, SC3), that are based on the changing location of physical competition
between Brent and WTI over time (see Table 2). We characterize the scenarios as: the ‘Smooth increase in U.S. crude production’ (SC1)
from 2005 to 2010 where physical competition occurs in Cushing (OK), ‘Infrastructure shortcomings & the U.S. Crude Oil Export Ban’
(SC2) from 2011 to 2015where physical competitionmoved to the U.S. Gulf Coast (USGC), and the ‘U.S. rise on the global market’ (SC3)
from 2016 through January 2020; here the two crudes compete in the Northern European hub of Amsterdam-Rotterdam-Antwerp
(Table 2). Our analysis of the Brent-WTI spread in SC1-SC3 is thus based on market conditions and the decisions made by crude oil
traders who at time t0, decide what crude to buy and sell, by making full use of the information available at that time.

3.3. SC1 – smooth increase in U.S. crude production (2005–2010)

3.3.1. SC1 – Background
The U.S. pipeline network10 that existed at the onset of the tight oil revolution was developed to accommodate large import volumes

of crude oil to the Midcontinent, with Cushing (OK) being the major trading hub for crude in the U.S. Thus, imported Brent was flowing
from the USGC north to Cushing (OK) and imported Canadian crude oil was flowing south from Canada to the Midcontinent. In the years
2005–2010 increasing shipments of crude oil from the North (Canada and North-Western U.S.) as well as from the South (international
imports from the USGC) reach Cushing (OK). The spread between the two crudes reflected the NYMEX quality differential as well as
marine and pipeline transportation costs from Europe’s Sullom Voe terminal located on the Shetland Islands (SI) to the U.S. hub in

Table 1
Select crude oil characteristics.

Crude Country of Origin API Gravity Sulfur content

WTI (2018) USA 41.8 0.22
Brent Blend* UK 37.5 0.40
LLS USA 38.5 0.39
WCSa Canada 21.8 3.59

a Crude monitor https://crudemonitor.ca/crudes/index.php?acr¼WCS&PHPSESSID¼e37fcbba1402ae699454f6bb62dc46c3.
Source: *B.P. Crudes 2018. (available at: https://www.bp.com/en/global/trading/crude-oil-and-refined-products/crudes.html).
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Fig. 3. U.S. conventional and tight oil production from 2000 to 2019.
(Source: Monthly data retrieved from EIA, available at www.eia.gov; accessed February 2020)

10 The U.S. possesses the world’s most sophisticated refining industry and its pipeline network is one of the world’s most developed ones with a
length of 79,192 miles in 2018 (Pipeline and Hazardous Materials Safety Administration, 2019).
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INTRODUCTION: STRUCTURALCHANGES

DEMANDANDSUPPLYCONDITIONS INTHEWORLDMARKETFORCRUDECHANGEOVERTIME

Changes in thedemand for crudeoil are triggeredby
changes in:

Ø Economic growth

Ø Development
Ø Preferences

Ø Regulations

Changes in the supply of crudeoil typically occur through
changes in:

Ø Thenumber

Ø The importance
Ø The location

of crudeoil suppliers.

¡ Newsuppliershaveemerged
¡ Demandcenters suchasAsiahavegained substantially

in importance
¡ These changes inmarket conditions led to changes in

tradepatterns



SCENARIODEVELOPMENT:

BRENTANDWTIHAVEDIFFERENTPRICESETTLEMENTPOINTS

WTI

Ø WTI is quotedanddelivered intopipeline and/or
storageat Cushing (Oklahoma)

BRENT
Ø Brent is quotedanddeliveredSullomVoe (Shetland

Islands) in theNorthSeaand transportedvia vessel

Wehypothesize that bothof the following two factors are importantwhenanalyzing thedeterminants of theBrent-WTI spread:

1. WhileBrent andWTIhavedifferentprice settlementpoints, theplaceof physical competition can changewith changes
inmarket conditions, and thereforedoesnotnecessarily coincidewith theprice settlementpoint for either of the two
crudes. 

2. The locationof physical competition is at theheart of crudeoil traders’ calculationswhenmaking their buying and
sellingdecisions. 



SCENARIODEVELOPMENT: DATA

Weusedaily data spanning fromSeptember 1st, 2005 to January 31st, 2020. 

Ø DataonU.S. crudeoil production, storage capacity utilization rates inCushing (OK) andPADD2,
aswell as spot prices forBrent andWTIwere sourced from theU.S. Energy Information
Administration’s data browser.

Ø Prices forDatedBrent,WTI andBrent futures,WTI andBrent spot prices, aswell as international
maritime freight rateswhere sourced fromBloomberg. 



SCENARIODEVELOPMENT:
THREEDIFFERENTSCENARIOSBASEDONTHECHANGINGLOCATIONOFPHYSICALCOMPETITION
BETWEENTHETWOCRUDESOVERTIME

To estimate the Brent-WTI spread in SC1 we use 1948 daily observations. We performed an Augmented Dickey-Fuller (ADF ¼ 12)
test and found that Yt, the Brent-WTI spread as defined in Eq. (1) is stationary at the 1% level. We used an Autoregressive Moving
AverageModel with Exogenous variables of the form ARIMAX (4, 0, 2) and a Generalized Autoregressive Conditional Heteroskedasticity
GARCH (1,1) model specified as follows:

Yt ¼ θ0 þ θ1Yt#1 þ θ2Yt#2 þ θ3Yt#3 þ θ4Yt#4 þ Γ1et#1 þ Γ2et#2 þΦ1IPWTIft þΦ2TransCBrentt þΦ3StorUtP2t þ εt (2)

σ2t ¼ ω0 þ α1e2t#1 þ β1σ
2
t#1 þ vt (3)

Where Yt, IPWTIf, TransCBrent and StorUtP2 are exogenous variables as defined in the previous paragraph.

3.4. SC2 – infrastructure shortcomings and the U.S. Crude oil export ban

3.4.1. SC2 – Background
The operations of Keystone phase 1 and 2 that started respectively in June 2010 and February 2011 permitted larger volumes of

Canadian crude oil to flow into Steele City (NB), backing up crude flows to Cushing (OK). It is only in October of 2011 however, that the
growth rate of domestic crude production started to increase more sharply (see Fig. 3) and that existing infrastructure became insuf-
ficient and ill-configured. Refineries in Cushing and the wider PADD 2 increasingly switched from foreign crudes to U.S. crudes.
However, as volumes increased beyond demand from refiners in the Midwest, the additional volumes of crude needed to be moved to
refineries located on the USGC (PADD 3)16 and/or to the East Coast (PADD1). This led to a reverse in the direction of crude flows and
existing pipelines were ill-configured and insufficient to accommodate the changing patterns of trade. Severe bottlenecks ensued and
additional volumes of crude were shipped via rail and barge (see for example Fielden, 2013). Market participants expected this situation
and hence the Brent-WTI differential started to rise a few months before the start of operation of Keystone Phase 2, from an average $2
per barrel in December 2010 to an average $15 in February 2011 to reach over $28 by August 2011 (see Fig. 6). The transportation
bottleneck in combination with the U.S. Crude Oil Export Ban has led to a disconnect of crude prices in the Midcontinent from the global
market and, to what some have called a temporary breakdown of the traditional relationship between Brent and WTI; see for example
(Borenstein & Kellogg, 2014) (Colgan & Van de Graaf, 2017). It is only the reversal of the 150,000 bbl/d Seaway pipeline between
Cushing and the Gulf Coast in the fourth quarter of 2011 that contributed to lowering the Brent-WTI differential from its high of $28 per
barrel to an average of $9 in December 2011. In March 2012 however, as it became clear that the Seaway pipeline reversal would be
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Fig. 5. U.S. field production of crude oil and the Brent-WTI spread September 2005–December 2010.
(Source: U.S. Energy Information Administration, 2019; available at www.eia.gov)

Table 2
Scenario description.

Scenario Time frame Location of physical competition

SC1 – Smooth increase in U.S. crude production September 2005–December 2010 Cushing (OK) U.S.
SC2 – Infrastructure shortcomings & U.S. Crude Oil Export Ban January 2011–December 2015 United States Gulf Coast (USGC)
SC3 – U.S. rise on the global market January 2016–December 2019 (or January 2020) Amsterdam-Rotterdam-Antwerp (ARA)

16 PADD 3 accounts for over 50% of U.S. refining capacity.

I. Ruble, J. Powell The Journal of Economic Asymmetries 23 (2021) e00196

6



SCENARIODEVELOPMENT:
SC 1 –SMOOTH INCREASE INU.S. CRUDEPRODUCTION

To estimate the Brent-WTI spread in SC1 we use 1948 daily observations. We performed an Augmented Dickey-Fuller (ADF ¼ 12)
test and found that Yt, the Brent-WTI spread as defined in Eq. (1) is stationary at the 1% level. We used an Autoregressive Moving
AverageModel with Exogenous variables of the form ARIMAX (4, 0, 2) and a Generalized Autoregressive Conditional Heteroskedasticity
GARCH (1,1) model specified as follows:

Yt ¼ θ0 þ θ1Yt#1 þ θ2Yt#2 þ θ3Yt#3 þ θ4Yt#4 þ Γ1et#1 þ Γ2et#2 þΦ1IPWTIft þΦ2TransCBrentt þΦ3StorUtP2t þ εt (2)

σ2t ¼ ω0 þ α1e2t#1 þ β1σ
2
t#1 þ vt (3)

Where Yt, IPWTIf, TransCBrent and StorUtP2 are exogenous variables as defined in the previous paragraph.

3.4. SC2 – infrastructure shortcomings and the U.S. Crude oil export ban

3.4.1. SC2 – Background
The operations of Keystone phase 1 and 2 that started respectively in June 2010 and February 2011 permitted larger volumes of

Canadian crude oil to flow into Steele City (NB), backing up crude flows to Cushing (OK). It is only in October of 2011 however, that the
growth rate of domestic crude production started to increase more sharply (see Fig. 3) and that existing infrastructure became insuf-
ficient and ill-configured. Refineries in Cushing and the wider PADD 2 increasingly switched from foreign crudes to U.S. crudes.
However, as volumes increased beyond demand from refiners in the Midwest, the additional volumes of crude needed to be moved to
refineries located on the USGC (PADD 3)16 and/or to the East Coast (PADD1). This led to a reverse in the direction of crude flows and
existing pipelines were ill-configured and insufficient to accommodate the changing patterns of trade. Severe bottlenecks ensued and
additional volumes of crude were shipped via rail and barge (see for example Fielden, 2013). Market participants expected this situation
and hence the Brent-WTI differential started to rise a few months before the start of operation of Keystone Phase 2, from an average $2
per barrel in December 2010 to an average $15 in February 2011 to reach over $28 by August 2011 (see Fig. 6). The transportation
bottleneck in combination with the U.S. Crude Oil Export Ban has led to a disconnect of crude prices in the Midcontinent from the global
market and, to what some have called a temporary breakdown of the traditional relationship between Brent and WTI; see for example
(Borenstein & Kellogg, 2014) (Colgan & Van de Graaf, 2017). It is only the reversal of the 150,000 bbl/d Seaway pipeline between
Cushing and the Gulf Coast in the fourth quarter of 2011 that contributed to lowering the Brent-WTI differential from its high of $28 per
barrel to an average of $9 in December 2011. In March 2012 however, as it became clear that the Seaway pipeline reversal would be
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Fig. 5. U.S. field production of crude oil and the Brent-WTI spread September 2005–December 2010.
(Source: U.S. Energy Information Administration, 2019; available at www.eia.gov)

Table 2
Scenario description.

Scenario Time frame Location of physical competition

SC1 – Smooth increase in U.S. crude production September 2005–December 2010 Cushing (OK) U.S.
SC2 – Infrastructure shortcomings & U.S. Crude Oil Export Ban January 2011–December 2015 United States Gulf Coast (USGC)
SC3 – U.S. rise on the global market January 2016–December 2019 (or January 2020) Amsterdam-Rotterdam-Antwerp (ARA)

16 PADD 3 accounts for over 50% of U.S. refining capacity.
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SCENARIODEVELOPMENT:
SC1 –CUSHING (OK) ISTHELOCATIONOFPHYSICALCOMPETITIONBETWEENBRENTANDWTI

EXAMPLE

¡ A traderdeciding at t0 to buyBrent for sale at Cushing:
Ø Hewill buy the crude at t0 , itwill be loadedon a carrier at

SullomVoe and transported to theUSGC (14 days)/

Ø FromtheUSGC the crudewill be transported via pipeline to
Cushing (30 days).

Ø The shipment of Brentwill be available at theCushinghub 2 
months after itwas shippedand compete against physical
barrels ofWTI at that point in time.

VARIABLES

Ø Intertemporal Price ofWTI futures, IPWTIf

Ø Transportation costs forBrent,TransCBrent

Ø Utilization rate of crude storage in PADD2, StorUtP2

¡ OURCOSTCALCULATIONSAREBASEDON:

Ø LARGECRUDECARRIER 135,000 METRICTONSOR 989,550 
BARRELS

Ø TRANSPORTATIONCOSTFORBRENT INCLUDE:
¡ MARITIMETRANSPORTATIONCOSTS

¡ WATERBORNEANDPIPELINELOSSES

¡ NOTETHATTHEREAREADDITIONALFIXEDCOSTSFORBRENT:

¡ LIGHTERINGFEES, PIPELINETRANSPORTATIONCOSTSFROM
USGCTOCUSHING ,IMPORTTARIFF



SCENARIODEVELOPMENT:
SC1 –MODEL

¡ Toestimate theBrent-WTI spread inSC1 weuse 1948 daily observations. WeperformedanAugmentedDickey-
Fuller (ADF= 12) test and found that Yt, theBrent-WTI spreadasdefined inEq. (1) is stationary at the 1%level. 
WeusedanARIMAX (4, 0, 2) anda GARCH (1,1) model specified as follows: 

To estimate the Brent-WTI spread in SC1 we use 1948 daily observations. We performed an Augmented Dickey-Fuller (ADF ¼ 12)
test and found that Yt, the Brent-WTI spread as defined in Eq. (1) is stationary at the 1% level. We used an Autoregressive Moving
AverageModel with Exogenous variables of the form ARIMAX (4, 0, 2) and a Generalized Autoregressive Conditional Heteroskedasticity
GARCH (1,1) model specified as follows:

Yt ¼ θ0 þ θ1Yt#1 þ θ2Yt#2 þ θ3Yt#3 þ θ4Yt#4 þ Γ1et#1 þ Γ2et#2 þΦ1IPWTIft þΦ2TransCBrentt þΦ3StorUtP2t þ εt (2)

σ2t ¼ ω0 þ α1e2t#1 þ β1σ
2
t#1 þ vt (3)

Where Yt, IPWTIf, TransCBrent and StorUtP2 are exogenous variables as defined in the previous paragraph.

3.4. SC2 – infrastructure shortcomings and the U.S. Crude oil export ban

3.4.1. SC2 – Background
The operations of Keystone phase 1 and 2 that started respectively in June 2010 and February 2011 permitted larger volumes of

Canadian crude oil to flow into Steele City (NB), backing up crude flows to Cushing (OK). It is only in October of 2011 however, that the
growth rate of domestic crude production started to increase more sharply (see Fig. 3) and that existing infrastructure became insuf-
ficient and ill-configured. Refineries in Cushing and the wider PADD 2 increasingly switched from foreign crudes to U.S. crudes.
However, as volumes increased beyond demand from refiners in the Midwest, the additional volumes of crude needed to be moved to
refineries located on the USGC (PADD 3)16 and/or to the East Coast (PADD1). This led to a reverse in the direction of crude flows and
existing pipelines were ill-configured and insufficient to accommodate the changing patterns of trade. Severe bottlenecks ensued and
additional volumes of crude were shipped via rail and barge (see for example Fielden, 2013). Market participants expected this situation
and hence the Brent-WTI differential started to rise a few months before the start of operation of Keystone Phase 2, from an average $2
per barrel in December 2010 to an average $15 in February 2011 to reach over $28 by August 2011 (see Fig. 6). The transportation
bottleneck in combination with the U.S. Crude Oil Export Ban has led to a disconnect of crude prices in the Midcontinent from the global
market and, to what some have called a temporary breakdown of the traditional relationship between Brent and WTI; see for example
(Borenstein & Kellogg, 2014) (Colgan & Van de Graaf, 2017). It is only the reversal of the 150,000 bbl/d Seaway pipeline between
Cushing and the Gulf Coast in the fourth quarter of 2011 that contributed to lowering the Brent-WTI differential from its high of $28 per
barrel to an average of $9 in December 2011. In March 2012 however, as it became clear that the Seaway pipeline reversal would be
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Fig. 5. U.S. field production of crude oil and the Brent-WTI spread September 2005–December 2010.
(Source: U.S. Energy Information Administration, 2019; available at www.eia.gov)

Table 2
Scenario description.

Scenario Time frame Location of physical competition

SC1 – Smooth increase in U.S. crude production September 2005–December 2010 Cushing (OK) U.S.
SC2 – Infrastructure shortcomings & U.S. Crude Oil Export Ban January 2011–December 2015 United States Gulf Coast (USGC)
SC3 – U.S. rise on the global market January 2016–December 2019 (or January 2020) Amsterdam-Rotterdam-Antwerp (ARA)

16 PADD 3 accounts for over 50% of U.S. refining capacity.
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SCENARIODEVELOPMENT: SC2 – INFRASTRUCTURESHORTCOMINGSANDU.S.CRUDEOILEXPORT
BAN (01/2011-12/2015)
FIG. U.S.FIELDPRODUCTIONOFCRUDEVS. BRENT-WTISPREAD (USGC ISTHELOCATIONOFPHYSICAL
COMPETITION)

3.5. SC3 – the U.S. Rise on the global market

3.5.1. Background
The time period of January 2016 through the end of January 2020 is characterized by the lifting of the U.S. crude oil export ban, the

continued increase in U.S. crude oil production which reduced crude imports to 40% of domestic consumption, the further expansion of
pipeline infrastructure (see Figs. 4 and 7and Table 4), and the full integration of the U.S. crude market with the world market. Addi-
tionally, the growth in the demand for crude in major demand centers such as Asia has further contributed to the adjustment of trade
patterns.
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Fig. 6. U.S. Field production of crude oil versus the Brent-WTI spread January 2011–December 2015.
(Source: Data retrieved from EIA data browser available at: www.eia.gov; accessed March 2020)

Table 3
Legend for Fig. 6.

No. Date Event Destination Additional Volumemb/
d

1 February 2011 Keystone Phase 2 – start of operation
Other – start of Libyan crisis; start of Arab Spring (resignation of Egyptian president
Moubarak)

Cushing (OK) 590

2 November
2011

Seaway – announcement of reversal Port Arthur (TX)
USGC

Announcement

3 February 2012 Basin pipeline – start of expansion Cushing (OK) 50
4 May 2012 Seaway – completion of reversal & expansion Port Arthur (TX) Announcement
5 June 2012 Seaway – reversal & expansion -start of operation Port Arthur (TX) 450
6 September

2012
Amdel pipeline – flow reversal Houston (TX) 40

7 March 2013 West-Texas Gulf expansion USGC (TX) 150
8 April 2013 Magellan-Longhorn reversal Houston (TX) 225
9 June 2013 Permian Express 1 – start of service Nederland (TX) 90
10 August 2013 Longhorn pipeline – start of service Houston (TX) 275
11 December

2013
Houston-Houma reversal Houma (LA) 360

12 January 2014 Keystone Phase 3a – start of service Cushing (OK) 700
13 July 2014 Magellan-Longhorn expansion

Seaway twin
Houston (TX)
Houston (TX)

275
450

14 September
2014

Bridgetex – start of service USGC (TX) 300

15 October 2014 Pony Express – start of service Cushing (OK) 320
16 December

2014
Flanagan South – start of service Cushing (OK) 585

17 February 2015 Cactus – start of service Gardendale (TX)
USGC

310

18 Q3 2015 Permian Express 2 – start of service USGC (TX) 200
19 December

2015
Cactus - expansion USGC (TX) 20
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SCENARIODEVELOPMENT: 
SC2 – INFRASTRUCTURESHORTCOMINGSANDU.S.CRUDEOILEXPORTBAN

Example

In SC2 with theplace of physical competition havingmoved to the
USGC the timeneededby traders to getBrent orWTI to theHouston
hub is the same forboth crudes.

¡ Traders buyingWTIorBrent at time t0 will have thephysical
barrels arrive at theHoustonhub 2 months later.

Variables

¡ IPWTIf : intertemporal price ofWTI futures

¡ IPBrentf: intertemporal price of Brent futures

¡ ShareTBR: share of crude transportedby tanker, barge or rail
over the total amount of crudeoil transported from the
Midwest (PADD2) and theRockyMountains (PADD4) to the
USGC (PADD3). 

¡ USP/PL : ratio ofU.S. crudeproduction topipeline capacity.

¡ StorUtP2 : storageutilization rate at PADD2.

¡ LLS-WTI: is a proxy for the cost of transportation ofWTI from
Cushing to theUSGC



SCENARIODEVELOPMENT:
SC2 – INFRASTRUCTURESHORTCOMINGSANDU.S.CRUDEOILEXPORTBAN

¡ In SC2 weuse 1826 daily observations spanning from January 2011 toDecember 2015. In Eq. (4) Yt is theBrent-WTI spreadat time t, as specified in
Eq. (1). TheADF (24) test shows that Yt is stationary at the 1%level and theBox-Ljung test shows that residuals are notwhite noise. 

¡ Toestimate theBrent-WTI spread in SC2 weuse aMarkov-SwitchingModel of the form:

WhereSt indicates the regime for t=1,2

insufficient to clear the bottleneck between Cushing (OK) and the USGC, theWTI discount rose back to an average $19/BBL. The Seaway
pipeline capacity increase to 400,000 BBL per day in June 2012 led to a renewed drop in the Brent-WTI spread from around $17 in May
to $11 in June 2012. Fig. 6 and Table 3 provide a list of major pipeline developments. Crude production increases have certainly
impacted the Brent-WTI spread. However, as can be seen in Fig. 6 there have not been large sudden and sustained U.S. production
increases that match any of the sudden Brent/WTI spread changes.

In the years 2013–2015 the increase in Permian Basin production led to additional pipelines being constructed from the Permian
basin to Houston. This, in turn, relieved the need to move crude from Midland (TX) to Cushing (OK) and simultaneously lowered the
need to move crude from Cushing (OK) to Houston (TX); effectively increasing the Cushing to Houston pipeline capacity. The impact of
these pipelines on the Brent-WTI spread can be seen in Fig. 6 where the starting of the West Texas Gulf expansion and the start-up
Permian Express 1 pipelines reduced the Brent-WTI spread to less than $5 per barrel in August 2013. A series of pipeline expansions
that moved crude out of Cushing and directly from West Texas to Houston over the January 2014 to December 2014 period17 dropped
the Brent-WTI spread from near $5 to near $0 per barrel. Then, in December 2014, the start-up of the Flanagan South pipeline that
moved 400 MB/d of crude from the Chicago area into Cushing resulted in an increase in the Brent-WTI spread back to the $12 per barrel
range. Again, construction of new pipelines that moved crude from West Texas to Houston (Cactus & Permian Express 1 along with the
Cactus Expansion) dropped the Brent-WTI spread back to near $0/BBL. The infrastructure developments over the years 2011 through
2015 illustrate how the patterns of crude movements have changed within the U.S. market.

3.4.2. SC2 – Analysis
In scenario 2 we hypothesize that due to increased U.S. crude oil production, the location of physical competition between Brent and

WTI, has moved to the Houston (TX) hub on the USGC. In this scenario traders buying WTI at time t0 will buy WTI month 1 futures
contracts as delivery of the crude oil will take place at time t1 (one month later) at the Cushing (OK) hub. Transportation to the Houston
(USGC) hub will occur over a thirty-day period during month two18 and the crude oil will be available for sale at time t2, two months
after initiating this transaction. Similarly, traders purchasing Dated Brent at time to, will take delivery one month later, at time t1. At t1
Brent is loaded on a vessel at Sullom Voe (SI) and transported to the USGC. The voyage takes 14 days and therefore this delivery will
compete against WTI at time t2.19

In SC2 of our Brent-WTI spread analysis we include the variables that are important determinants in the decision-making process by
traders when the clearing location between the two crudes has moved to the Houston hub on the USGC. The model in Eq. (4) therefore
includes: the intertemporal price for Brent andWTI20, IPWTIf and IPBrentf; the amount of crude oil transported by tanker, barge, and rail
over the total amount of crude oil transported21 from the Midwest (PADD2) and the Rocky Mountains (PADD4) to the USGC (PADD3)
defined as ShareTBR; the ratio of U.S. crude oil production22 over pipeline capacity, USP/PL; the crude oil storage utilization rate in
PADD2, StorUtP2; the transportation costs for WTI from Cushing (OK) to the USGC, LLS-WTI. SC2 is characterized by the expansion and
reconfiguration of pipeline infrastructure and the recourse to means beyond pipelines in order to ship crude oil within the U.S. and
reliable data on transport cost is lacking. We therefore use the difference between the price for LLS andWTI as a proxy for transportation
costs for WTI from Cushing (OK) to the USGC.

Transportation costs for Brent in SC2 include maritime transportation costs as well as the cost of waterborne losses and pipeline
losses of respectively 0.5% and 0.25% of the price of Brent per BBL. Transport losses for WTI between Cushing (OK) and the USGC were
calculated as 0.25% of the price of WTI. Additional (fixed) costs for Brent in SC2 include lightering fees of $0.8/BBL, and U.S. crude oil
import tariff costs of $0.105/BBL.23

In SC2we use 1826 daily observations spanning from January 2011 to December 2015. In Eq. (4) Yt is the Brent-WTI spread at time t,
as specified in Eq. (1). The ADF (24) test shows that Yt is stationary at the 1% level24 and the Box-Ljung test25 shows that residuals are
not white noise.

To estimate the Brent-WTI spread in SC2 we use a Markov-Switching Model26 of the form:

yt ¼ ∝0St þ α1StIPWTIf1t þ α2StIPBrentf2t þ α3StShareTBR3t þ α4St
USP
PL 4t þ α5StLLS#WTI5t þ α6StITRelP6t þ α7StStorUtP27t þ etSt (4)

Where St indicates the regime for t ¼ 1,2.

17 In July 2014 the capacity of the (Enbridge/Enterprise) Seaway pipeline was further expanded to reach a total of 850,000 bbl/d.
18 Crude oil fed into the pipeline in Cushing (OK) on a particular day stays in transit to Houston for 10 days. However, deliveries of 500,000 barrels
of crude oil are spread over a 30-day period.
19 In SC2, the time elapsed between the decisions made by traders to sell crude oil at the Houston hub and the time at which the physical quantities
will be available there, is the same for both Brent and WTI.
20 WTI month 2 futures – WTI month 1 futures.
21 ShareTBR is defined as: (crude transported via Tanker þ Barge þ Rail)/(crude transported via Tanker þ Barge þ Rail þ Pipeline).
22 We have chosen to use 74% of U.S. crude production here, as this corresponds to the refining capacity in PADDs 2 þ 3.
23 This is the import duty for crude oil with an API over 25$.
24 Dickey-Fuller ¼ #4.0334, Lag order ¼ 12, p-value ¼ 0.01.
25 Ljung-Box: X-squared ¼ 36246, df ¼ 24, p-value < 2.2e-16.
26 For SC2 and SC3 we use a Markov-Switching model as the use of ARIMAX did not yield meaningful results. Note that transportation costs for
Brent were not statistically significant and therefore not included.
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SCENARIODEVELOPMENT: 
SC3 –THEU.S.RISEON THEGLOBALMARKET, CLEARINGLOCATIONAMSTERDAM-ROTTERDAM-
ANTWERP (ARA) HUB 2016-2020

Background

¡ January 2016 – January 2020:
Ø Liftingof theU.S. crudeoil export ban

Ø Continued increase inU.S. crudeoil productionwhich
reduced crude imports to 40%ofdomestic consumption

Ø Further expansionof pipeline infrastructure

Ø Full integrationof theU.S. crudemarketwith theworld
market

Ø Growth inmajor demand centers suchasAsia has further
contributed to the adjustment of tradepatterns. 

Variables

¡ IPWTIf

¡ IPBrentf

¡ ShareTBR

¡ LLS-WTI

¡ StorUtP2 

¡ MTransCWTI: maritime transportation cost forWTI from
theUSGC to theAmsterdam-Rotterdam-Antwerphub



SCENARIODEVELOPMENT: 
SC3 –MODEL

¡ In SC3 weuse 1492 daily observations spanning from January 2016 to January 2020. TheADF (24) test shows that Yt is
stationary at the 5%level and theBox-Ljung test shows that the residuals arenotwhitenoise. WeuseaMarkov
SwitchingModel of the form:

3.5.2. Analysis (SC3)
In light of the developments in crude oil markets worldwide leading up to the year 2016 we hypothesize that the clearing location

between Brent and WTI has moved from the USGC to the Amsterdam-Rotterdam-Antwerp (ARA) hub starting in January of the same
year.

In SC3 consider the example of a trader wishing to sell WTI at the ARA hub. At time t0 WTI is bought for delivery in Cushing (OK) in
the following month, t1. After delivery in Cushing (OK) the crude oil is transported to the USGC which takes about 30 days, arriving at
time t2. After arrival at the USGC the crude will be loaded onto a Large Crude Carrier and the voyage to the ARA hub will take 14 days.

In SC3 our analysis of the Brent-WTI spread includes the variables most important to traders when proceeding with the above-
described transaction.

The model in Eq. (5) therefore includes the following variables IPWTIf, IPBrentf, ShareTBR, LLS-WTI and StorUtP2 defined as in
section 3.4.2 as well as maritime transportation costs for WTI,27 MTransCWTI. The latter are calculated as dollar, per barrel per day for
the voyage from the USGC to ARA based on a Large Crude Carrier with a capacity of 135,000 metric tons. Transportation costs for WTI
also include pipeline as well as waterborne losses of respectively 0.25% and 0.5% of the price of WTI. Note that in addition to these costs
traders also have to pay lightering fees of $0.80/BBL.

In SC3 we use 1492 observations spanning from January 2016 to January 2020. The ADF (24) test shows that Yt is stationary at the
5% level28 and the Box-Ljung test shows that the residuals are not white noise.29 We use a Markov Switching Model of the form pre-
sented in Eq. (5) where Yt is the Brent-WTI spread as defined in Eq. (1) and the exogenous variables are as defined in the previous
paragraph.

yt ¼α0St þ α1StIPWTIf1t þ α2StIPBrentf2t þ α3StShareTBR3t þ α4StLLS#WTI P4t þ α5StStorUtP25t þ α6StMTransCWTI6t þ etSt (5)

Where St indicates the regime for t ¼ 1,2.

4. Results and discussion

4.1. SC1 results and discussion

Our results of the fitted model Eqs. (6) and (7) show that the autoregressive variables AR1-AR4 are statistically significant in
explaining the variation in the Brent-WTI spread. AR1, AR3, AR4 have a positive, statistically significant effect on the dependent
variable whereas AR2 has a negative and significant effect. All AR variables are statistically significant at the 1% level. The results for
MA1 and MA2 show that lag shocks have no pattern. MA1 has a negative and statistically significant effect that is higher in magnitude
than the effect of MA2.

The results for the exogenous variables show that all three are statistically and economically significant. We find that a $1 increase in
the intertemporal price of WTI futures (IPWTIf) increases the spread by $1.2 while a $1 increase in the maritime transportation cost of
Brent (TransCBrent) will lead to an increase of $ 0.73 in the spread. Similarly, a 1% increase in the utilization rate of PADD2 storage
(StorUtP2) increases the spread by $.0809.

Spreadt ¼ # 7:676967þ 2:098061 Yt#1 # 1:204441 Yt#2 þ 0:0482 Yt#3 þ 0:057859 Yt#4 # 1:633019 et#1 þ 0:641631 et#2

þ 1:20822IPWTIft þ 0:734242 TransCBrentt þ 8:09149 StorUtP2t þ εt (6)

σ2t ¼ 0:015419 þ 0:038960 e2t#1 þ 0:952022 σ2
t#1 þ vt (7)

4.2. SC2 results and discussion

The results of the Markov Switching model specified in Eq. (4) are presented in Tables 5 and 6 Figs. 8 and 9 and show that all
variables are highly statistically and economically significant. The effect of the intertemporal price of WTI futures stays constant
throughout both regimes in SC2 and as IPWTIf increases by $1, the Brent-WTI spread decreases by $.4544. The intertemporal price of
Brent however varies between the two regimes. In SC2-REG1 as IPBrentf increases by $1, the Brent-WTI spread increases by $1.0533,
while in SC2-REG2 the spread only increases by $0.0632. The effect of a 1% increase in the share of crude oil transported bymeans other
than pipeline increases the spread in both SC2-REG1 and SC2-REG2 by $2.1700. As the ratio of U.S. crude production divided by
pipeline capacity increases, the Brent-WTI spread increases because relative to existing capacity more crude oil is moved/produced, this
effect is higher in SC2-REG2. The LLS-WTI spread shows that as transportation cost for WTI from Cushing (OK) to the USGC increase by
$1 the spread increases by $.0.0218. The results presented for the two regimes are reflective of the changes happening in the U.S. crude
market during this time period namely the increase in U.S. production and the lag in pipeline infrastructure adjustments (see section
3.4.1) and the variance between the two regimes is very similar. The transition probability of regime 1 shows that once we are in state 1

27 Note that the transportation of Brent (which is priced at Sollum Voe (SI)) to ARA takes but a few days and the loading/unloading costs account for
the largest share of delivery costs. Therefore, these costs that are around $0.80 per barrel don’t vary much and are not included in our example.
28 ADF Test for Spread: Dickey-Fuller ¼ #3.7592, Lag order ¼ 24, p-value ¼ 0.02103, alternative hypothesis: stationary.
29 Box-Ljung test for Spread: X-squared ¼ 26143, df ¼ 24, p-value < 2.2e-16.
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RESULTS: SC1

¡ SC1 –Cushing (OK) clearing location (09/2005-12/2010)

3.5.2. Analysis (SC3)
In light of the developments in crude oil markets worldwide leading up to the year 2016 we hypothesize that the clearing location

between Brent and WTI has moved from the USGC to the Amsterdam-Rotterdam-Antwerp (ARA) hub starting in January of the same
year.

In SC3 consider the example of a trader wishing to sell WTI at the ARA hub. At time t0 WTI is bought for delivery in Cushing (OK) in
the following month, t1. After delivery in Cushing (OK) the crude oil is transported to the USGC which takes about 30 days, arriving at
time t2. After arrival at the USGC the crude will be loaded onto a Large Crude Carrier and the voyage to the ARA hub will take 14 days.

In SC3 our analysis of the Brent-WTI spread includes the variables most important to traders when proceeding with the above-
described transaction.

The model in Eq. (5) therefore includes the following variables IPWTIf, IPBrentf, ShareTBR, LLS-WTI and StorUtP2 defined as in
section 3.4.2 as well as maritime transportation costs for WTI,27 MTransCWTI. The latter are calculated as dollar, per barrel per day for
the voyage from the USGC to ARA based on a Large Crude Carrier with a capacity of 135,000 metric tons. Transportation costs for WTI
also include pipeline as well as waterborne losses of respectively 0.25% and 0.5% of the price of WTI. Note that in addition to these costs
traders also have to pay lightering fees of $0.80/BBL.

In SC3 we use 1492 observations spanning from January 2016 to January 2020. The ADF (24) test shows that Yt is stationary at the
5% level28 and the Box-Ljung test shows that the residuals are not white noise.29 We use a Markov Switching Model of the form pre-
sented in Eq. (5) where Yt is the Brent-WTI spread as defined in Eq. (1) and the exogenous variables are as defined in the previous
paragraph.

yt ¼α0St þ α1StIPWTIf1t þ α2StIPBrentf2t þ α3StShareTBR3t þ α4StLLS#WTI P4t þ α5StStorUtP25t þ α6StMTransCWTI6t þ etSt (5)

Where St indicates the regime for t ¼ 1,2.

4. Results and discussion

4.1. SC1 results and discussion

Our results of the fitted model Eqs. (6) and (7) show that the autoregressive variables AR1-AR4 are statistically significant in
explaining the variation in the Brent-WTI spread. AR1, AR3, AR4 have a positive, statistically significant effect on the dependent
variable whereas AR2 has a negative and significant effect. All AR variables are statistically significant at the 1% level. The results for
MA1 and MA2 show that lag shocks have no pattern. MA1 has a negative and statistically significant effect that is higher in magnitude
than the effect of MA2.

The results for the exogenous variables show that all three are statistically and economically significant. We find that a $1 increase in
the intertemporal price of WTI futures (IPWTIf) increases the spread by $1.2 while a $1 increase in the maritime transportation cost of
Brent (TransCBrent) will lead to an increase of $ 0.73 in the spread. Similarly, a 1% increase in the utilization rate of PADD2 storage
(StorUtP2) increases the spread by $.0809.

Spreadt ¼ # 7:676967þ 2:098061 Yt#1 # 1:204441 Yt#2 þ 0:0482 Yt#3 þ 0:057859 Yt#4 # 1:633019 et#1 þ 0:641631 et#2

þ 1:20822IPWTIft þ 0:734242 TransCBrentt þ 8:09149 StorUtP2t þ εt (6)

σ2t ¼ 0:015419 þ 0:038960 e2t#1 þ 0:952022 σ2
t#1 þ vt (7)

4.2. SC2 results and discussion

The results of the Markov Switching model specified in Eq. (4) are presented in Tables 5 and 6 Figs. 8 and 9 and show that all
variables are highly statistically and economically significant. The effect of the intertemporal price of WTI futures stays constant
throughout both regimes in SC2 and as IPWTIf increases by $1, the Brent-WTI spread decreases by $.4544. The intertemporal price of
Brent however varies between the two regimes. In SC2-REG1 as IPBrentf increases by $1, the Brent-WTI spread increases by $1.0533,
while in SC2-REG2 the spread only increases by $0.0632. The effect of a 1% increase in the share of crude oil transported bymeans other
than pipeline increases the spread in both SC2-REG1 and SC2-REG2 by $2.1700. As the ratio of U.S. crude production divided by
pipeline capacity increases, the Brent-WTI spread increases because relative to existing capacity more crude oil is moved/produced, this
effect is higher in SC2-REG2. The LLS-WTI spread shows that as transportation cost for WTI from Cushing (OK) to the USGC increase by
$1 the spread increases by $.0.0218. The results presented for the two regimes are reflective of the changes happening in the U.S. crude
market during this time period namely the increase in U.S. production and the lag in pipeline infrastructure adjustments (see section
3.4.1) and the variance between the two regimes is very similar. The transition probability of regime 1 shows that once we are in state 1

27 Note that the transportation of Brent (which is priced at Sollum Voe (SI)) to ARA takes but a few days and the loading/unloading costs account for
the largest share of delivery costs. Therefore, these costs that are around $0.80 per barrel don’t vary much and are not included in our example.
28 ADF Test for Spread: Dickey-Fuller ¼ #3.7592, Lag order ¼ 24, p-value ¼ 0.02103, alternative hypothesis: stationary.
29 Box-Ljung test for Spread: X-squared ¼ 26143, df ¼ 24, p-value < 2.2e-16.
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RESULTS: SC2

observed in the past decade appears to be fundamental, suggesting that the historical premium of WTI to Brent in the futures market is
unlikely to return in the near future.
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Table 5
Scenario 2 coefficients for Markov Switching Model regimes 1&2301.

Regime 1 Regime 2

Coefficient (S.E.) Sign.
Codes

Coefficient (S.E.) Sign.
Codes

Intercept !2.6660 0.1849 *** !9.3469 0.4295 ***
IPWTIf !0.4544 0.0767 *** !0.4544 0.0767 ***
IPBrentf 1.0533 0.0100 *** 0.0632 0.0081 ***
ShareTBR 2.1700 0.4163 *** 2.1700 0.4163 ***
USP/PL 0.7641 0.1020 *** 8.3206 0.2981
LLS-WTI 0.0218 0.0082 ** 0.0218 0.0082 **
Res.S.E. 1.553471 1.466345
R2 0.9542 0.9168

Signif. Codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1.

Table 6
Transition probabilities in SC2.

Regime 1 Regime 2

Regime 1 0.990393348 0.05721865
Regime 2 0.009606652 0.94278135

Fig. 8. SC2-REG1 spread vs. smooth probabilities.311.

Fig. 9. SC2-REG2 spread vs. smooth probabilities.321.
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RESULTS: SC3

Table 7
SC 3 coefficients for regimes 1 & 2.331.

Regime 1 Regime 2

Coefficient (S.E.) Sign.
Codes

Coefficient (S.E.) Sign.
Codes

Intercept 3.0236 0.7322 *** 0.2024 0.5918
IPWTIf !0.0023 0.0087 !0.0187 0.0082 *
IPBrentf !0.2300 0.0240 *** !2.0037 0.0632 ***
ShareTBR !102.5117 3.5078 *** !23.0791 1.4517 ***
LLS-WTI !0.0148 0.0189 0.1784 0.0164 ***
StorUtP2 11.2229 1.2686 *** 4.6189 0.9266 ***
MTransCWTI 7.1238 0.5911 *** 2.1803 0.2654 ***
Res.S.E. 1.409547 1.212764
R2 0.7368 0.7955

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1.

Table 8
Transition probabilities in SC3.

Regime 1 Regime 2

Regime 1 0.98447495 0.008688349
Regime 2 0.01552505 0.991311651

Fig. 10. SC3-REG1 spread vs. smooth transitions.341.

32 Note that R displays the number of observations on the horizontal axis.
32 Note that R displays the number of observations on the horizontal axis.
32 Note that R displays the number of observations on the horizontal axis.
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CONCLUSION

Ø Anovel approach to contribute to twostrandsof existing literature:
Ø The first strandaims touncoverwhether ornot theworldmarket for crude is truly ‘onegreatpool’. 

Ø The secondstrandaimsat identifyingmajordriversof theBrent-WTIspreadaswell as themagnitudeof the effect of thesedrivers. 

Ø Weanalyzed the importance of changing trade flowsdue to changes in supply anddemandof crudeoilworldwide focusingon the emergence
of theU.S. as an important player on the international energy scene. 

Ø The three scenarios highlight howas a consequence of altered trade flows, the location of physical competition betweenBrent andWTI
changes. 

Ø Our results provide estimates of the impact that variables driving crudeoil traders’decisionshave on theBrent-WTI spread. 

Ø Additionally,we find that the change in the relationshipbetweenBrent andWTI that hasbeenobserved in thepast decade appears tobe
fundamental, suggesting that the historical premiumofWTI toBrent in the futuresmarket is unlikely to return in thenear future. 
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