Exploring Commodity and Stock Volatility using Topic Modeling on Historical News Articles: Application to Crude Oil Prices
Rui (Forest) Jiang, forestj@stanford.edu; Olufolake Ogunbanwo, folakeo@stanford.edu; and Mustafa Al Ibrahim, malibrah@stanford.edu

a4

Stanford

SCHOOL OF EARTH, ENERGY
& ENVIRONMENTAL SCIENCES

Energy Resources Engineering

. ANALYSIS OF ARTICLES MENTIONING “OIL PRICES”

1. MOTIVATION & OBJECTIVES

time with correlation analysis.

importance change with time.

Analyzing historical commodity and stock prices is a pre-requisite to investment. The
procedure is time consuming and requires knowledges of many related factors, which may be
hidden within a large volume of texts. This study develops a workflow to help users:

1. Summarize topics from large amount of news article and identify the relationships
among topics, word occurrences and articles.
2. Explore various factors related to historical price volatility by visualizing topic trends over

We use this workflow to reveal factors related to the crude oil price, and to show how their

2. GENERAL WORKFLOW
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e Retrieve information
from news website
using API

e Remove stop words,
special characters and
perform word
stemming

DATA ACQUISITION \
TOPIC MODELING

e Extract topics using
gensimLDA algorithm

e Visualize topics using
multi-dimensional
scaling (MDS) and
interpret them

e Calculate topic
proportion for each
time period.

e Calculate the linear
correlation between
topic trends and

historical oil price in a
moving time window

e Compare correlation to
major events

EXPLORATION

3. TOPIC MODELING: LATENT DIRICHLET ALLOCATION

Assumptions: Each document (bag-of-words) is a mixture of latent topics; each topic is a
mixture of words. LDA uses EM algorithm to estimate the following hidden variables from
many documents: word distribution for each topic, and topic distribution in each document.

Example:

LDA on 765 PetroWiki articles

(Society of Petroleum Engineers)
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Words in polymer topic:
1.7% polymer

1.5% gel

1.0% treatment

Words in reservoir topic:
2.5% reservoir

0.8% permeability

0.5% simulation

O

Topics in article desalting:
67.9% phase behavior
32.0% pipeline & corrosion

Interpretation of 10 topics:

: Reservoir, reservoir engineering
: Phase behavior, and applications
: Well logging, petrophysics

: Drilling & completion

: Pumping, artificial lifting

: Polymer, foam, etc.

: Pipeline & corrosion
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Topics in article acoustic logging:
75.3% logging & petrophysics
17.5% reservoir

7.2% drilling & completion
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Visualize topics by similarity

]
1 3 2
Similar topics:

Reservoir, phase behavior
Petrophysics, decision making
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The workflow is applied to a collection of =)

338,828 NYTimes articles, randomly
sampled daily from 1970 to 2015. Oil price
is correlated with the trends of 50 topics.

Interestinglyy, we see a negative
correlation between crime-related topics
(36, 9, 33) and oil price, and a positive
correlation for entertainment-related
topics (16, 47 43, 39).

. FACTORS FROM GENERAL ARTICLES

Topics sorted by absolute correlation coefficient

36. polic charg offic man Kill state death arrest citi murder R= -0.58245

16. art time race work museum state make book show long R= 0.48542

41. offici nuclear soviet presid state north unit korea american militari R= 0.46802
47. american play time york state music airlin night war group R=0.45883

4. ga record state show product cancer report unit natur nation R= 0.45041
40. kill south forc govern attack peopl presid war state offici R= 0.45022

23. game victori win run team score season night time play R= -0.4219

21. state feder plan insur health offici budget bill unit propos R= -0.41063

34. world soviet state govern news presid iran report time parti R= 0.40174
43. time televis list state work presid music sport film call R= 0.39732

39. state wine plan unit school time world american court polic R=0.36302
38. presid death famili paid notic york die love friend servic R=-0.35746

46. state time clinton presid game nation york john plan world R= 0.34514
32. bank report earn net sale corpor tax share unit execut R=-0.34316

10. citi senat york plan hous state report mayor republican vote R=-0.33921
5. israel offici palestinian isra stock end state citi report arab R= 0.33296

13. court state rule appeal suprem judg unit justic law vietham R= -0.32164

1. citi york build park street home hous fire peopl manhattan R=0.31953

9. case drug charg public investig death report fund lawyer offici R=-0.31513
33. charg judg american court case stock york state Kill feder R= -0.30736
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The correlation between the crime rate
and oil prices was investigated. Crime-
related articles suggested a deep
connection to unemployment rate. A plot
of unemployment rate versus the oil price
proved there is a trend.

With LDA and topic trend correlation with
price, it is easy to delve into topics to
discover uncommon interactions
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6. CONCLUSION & FINAL REMARKS

Results show that the workflow is a viable means of exploring large text corpus to understand the

factors affecting the oil price.

e By comparing topic trends with the oil price, known historical events associated with changes in
the oil price in time were captured

e The unexpected connection between the oil prices and unemployment rate was uncovered.

 Correlation observed does not mean causation in any direction. Further analysis is needed. The
results does provide a starting point to where to look for the causation.

Future directions for the study include:

e Using hierarchal clustering and/or PCA to group topics sequentially and obtain insights. This can
be used to obtain the optimum number of topics automatically.

 Predicting the stock or commodity price by predicting the trend of the topics and using
correlation factors observed.
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