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Motivation

The price of oil is driven by supply and demand.

There are economic and statistical models about the demand for oil and
demand shocks.

There are also economic and statistical models about the supply of oil
and supply shocks.

We want to learn from the data.

Very, very detailed U.S. seaborne imports data.

Sherlock Holmes: "It is a capital mistake to theorize before one has data.
Insensibly one begins to twist facts to suit theories, instead of theories to suit
facts."
A Scandal in Bohemia by Arthur Conan Doyle.
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Theories
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The facts: Where does the U.S. import its crude oil and
energy products from by sea?

Graphics: BP Statistical Review of World Energy, June 2014.
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The facts (cont.): When crude oil and oil products are
imported into the US by sea, a document is created.

Bill of Lading – evidence of a contract for the carriage and delivery of goods
sent by sea.

Source data contains 232,907 Bills of
Lading for energy products imported into
the US during 2008–2012.

BoLs are mandatorily reported to the U.S.
Customs and Borders Protection Agency.

The data covers 100% of the seaborne
crude oil and oil products imported into
the US during 2008–2012.

During 2008–2012, seaborne crude oil
provided up to 70% of import refinery
receipts and accounted for about 50% of
the crude oil supply.
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The facts (cont. yet): What is and is not in a BoL?

Bill of Lading contains:
Names of the buyer and seller
Product description
Date of arrival in a US port
Name of the transportation
company, the vessel, the route,
etc.

Bill of Lading does NOT contain:
Volume of floating storage
Date of departure
Price
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The Plan
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Data selection, preprocessing, and transformation

We select data by filtering target products as they appear in a BoL: crude
oil and oil products.

We minimally preprocess data by dealing with spelling errors etc.

We transform data into a network representation:
Nodes are a shipper or a receiver.
A directed edge as a BoL shipment from a shipper node to a receiver node.
The edges are not weighted by barrels shipped or frequency of shipments.
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Transformed Data: First Pass
A directed acyclic graph representing shipments of U.S. seaborne crude oil in 2011.

Nodes are BoL shippers and receivers.
Edges are BoL shipments.
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Node transformation: aggregation and coloring

We build a reference database, which contains:
Observable ownership structure of US and international companies
Addresses of US companies
Industry SIC classification for US and international companies

We use this database to assign all unique company IDs (children) owned
by the same entity into a single node.

We use the SIC industry classification to “color” nodes into two types:
Producers (P)
Finance & Trading Firms (T)

BP and BP Trading are colored differently.
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Transformed Data (Nodes): Second Pass
A directed acyclic graph with loops.

Blue Nodes are Producers (P) and Green Nodes are Traders (T).
Edges are BoL shipments.
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Edge transformation: trading agreements

We aggregate time series of periodic shipments between the same
shipper and receiver into trading agreements.
Intuition: According to a trading agreement, a seller agrees to deliver a
specified total quantity of a specified blend of crude oil to a buyer within
a specified period of time (e.g., one year), into a specified US port, with a
certain periodicity (e.g., 10 metric tons every month).
Actual trading agreements are not observed directly from the BoL data.
We construct trading agreements by using:

unique ID for a US buyer (consignee) with US port of arrival;
unique ID for an international seller (shipper);
product custom code group;
quantity (in metric tons);
date of arrival.
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An Example of a Data Pattern that Gives Rise to a
Trading Agreement
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Shipments from one P node to another P node during 2008–2012.
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Trading agreements and prices

Trading agreements that we construct do not contain prices, because BoL
data does not contain prices.
However, each trading agreement is associated with over 240 different
brands and blends of crude oil within the product code HS 2709.
We use available price data for each brand and blend of crude oil at each
date in each location to put a price on each arrival.
We then calculate average price for each trading agreement and validate
this information against customs data provided by the US Census.
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Further Transformed Data (Nodes and Edges): Third
Pass
Three types of patterns in a directed acyclic graph with loops.

Trader–Trader Edges

Trader–Trader Loops

Producer–Producer Edges

Producer–Producer Loops

Producer–Trader and Trader–Producer Edges
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Speculative Oil

Speculative Oil is a subset of T–T loops such that no other entity needs to be
notified about the arrival of shipment.
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The Time Series of Speculative Oil
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A Statistical Model of Speculative Oil

Log differences of monthly time series of SO (in thousand metric tons)
follows an AR(3) process:

yt = − 0.51
(0.1191)

yt−1 − 0.36
(0.1316)

yt−2 − 0.51
(0.1212)

yt−3 + εt
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Speculative Oil and the Term Structure of Brent
Futures Prices
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A Statistical Relationship Between Speculative Oil and
the Term Structure of Brent Futures Prices

A regression of log speculative oil, sot, on the slope of the lagged term
structure of Brent futures prices (log two months out minus log nearby),
slopet−6 (lagged six months):

sot = 82.1
(35.4)

+ 4263.9
(633.4)

slopet−6 + εt

Adjusted R-squared: 0.429. F-statistic: 45.3. p-value: 8.3e-09.
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An Economic Model.
Fundamental and Speculative Supply.
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Positive demand shock.
Prices expected to rise in the future. Speculative supply increases.
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Fundamental supply response.
Prices expected to fall in the future. Speculative supply decreases.
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Negative demand shock.
Prices expected to fall in the future. Speculative supply decreases.
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