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Abstract—Traditional early warning systems that alarm against
crisis are generally based on structured or numerical data; therefore, a
system that can make predictions based on unstructured textual data,
an uncorrelated data source, is a great complement to the traditional
early warning systems. The Chicago Board Options Exchange
(CBOE) Volatility Index (VIX), commonly referred to as the fear
index, measures the cost of insurance against market crash, and
spikes in the event of crisis. In this study, news data is consumed for
prediction of whether there will be a market-wide crisis by predicting
the movement of the fear index, and the historical references to
similar events are presented in an unsupervised manner. Topic
modeling-based prediction and representation are made based on
daily news data between 1990 and 2015 from The Wall Street Journal
against VIX index data from CBOE.
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I. INTRODUCTION

RITTEN form of news has existed for centuries to

broadcast events that impact people’s lives and
influence their decisions, and news is usually stored in
unstructured forms such as newspapers, where people need to
read line-by-line to acquire the knowledge embedded in them.
People generally agree that more knowledge of the past and
some experience of similar events can help them to better deal
with upcoming events. However, historical knowledge often is
forgotten over time, or never even acquired to start with, for
younger people who did not have a chance to read the
newspapers or experience the events. Various lesson-learned
systems are developed by commercial, government, and
military organization to capture and provide lessons that
benefit employees who encounter situations that closely
resemble a previous experience in a similar situation [1].

A system that can automatically read news to capture and
organize knowledge from the past and provide lessons learned
will be able to help avoid repeating the mistakes of the past,
and effectively navigate through the time of crisis. An early
warning system (EWS) is proposed to early detect crisis and
present lessons learned from the gigantic archive of historical
news data, in a timely manner. As a case study, news is
consumed for prediction of whether there will be a market-
wide crisis, and the historical references to similar events are
presented in the event of crisis, in an automated manner. Such
an automated text-based EWS is particularly useful as the
majority of existing EWS rely on numerical data, and textual
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data is an uncorrelated data source.

II. RELATED WORK

A. Surveying Problems Solved

Earlier early warning systems have been successfully
developed using machine learning techniques such as support
vector machines [2] or neural networks [3] on numerical data,
or using financial market volatilities and machine learning
algorithms [4]. However, existing systems have leveraged
only numerical data; a text mining (e.g., leveraging news)
approach to construction of EWS is missing from the body of
knowledge. In previous EWS design, a sudden increase of
volatilities in the stock market is used as the definition of
crisis [3], which aligns with CBOE Volatility Index’s
definition of crisis that is going to be used in this paper [5].
The crisis measure used in this paper is observed in the actual
financial market and the data is provided by CBOE. On the
other hand, text mining systems are used to predict various
financial metrics such as stock indexes and exchange rate [6]
or gold price volatility [7] and have been proven successful.
However, text mining has not yet been applied to predict the
VIX index, which is also an important financial index closely
watched by financial market participants.

In terms of evaluation of market prediction systems, almost
all of the previous work compared their results with the odds
of chance of 50%, and practitioners will agree that a system
that is accurate for more than half of the time will have value
to them on a day-to-day basis [8].

B. Surveying Methodologies Used

A text mining system is generally divided into three
components: data, pre-processing module, and machine
learning module [6]. Existing literature related to each
methodology is discussed individually in this section.

1) Data Methodologies

Text mining systems utilize at least two sources: news data
and market data [8]. This behavior emulates human decision
makers when they read news and think about what events are
described in the news, and what are the implication of those
events to the market which can be observed in the market data.
The majority of systems use financial news, since it is
considered less noisy than the general news; the most popular
sources are major news websites like The Wall Street Journal,
Financial Times, Reuters, Financial Times, Reuters, Dow
Jones, Bloomberg, Forbes, or Yahoo! Finance [8]. Naturally,
those news sources are highly tailored to financial market
participants, and it is reasonable to assume that financial
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market participants have also read the same news and shaped
their reactions in the financial markets. Within each news
source, news headlines are argued to be more straight-to-the-
point and less noisy [9], and use of breaking news can also
avoid noise [8]. In this paper, The Wall Street Journal will be
used since its historical data is easily accessible by research
communities, and it is a popular newspaper among both
financial market participants and researchers who developed
market predictive text-mining systems.

2) Pre-processing Methodologies

The main purpose of pre-processing of data is to transform
unstructured data into structured format that can be processed
using machine learning algorithms through feature selection,
dimension-reduction, and feature representation [6].

As each unique appearance of words can be considered as a
dimension, the high dimensionality of textual data makes it
difficult to analyze. To deal with words that mean the same
thing but occupy multiple dimensions or synonyms, thesaurus
models are built using information extracted from public
thesaurus websites [10]. Beyond comparing textual data just at
the word level, a methodology named Latent Semantic
Analysis is proposed to model the implicit topic or meaning of
documents utilizing semantic structure [11]. Latent Semantic
Analysis is shown to be useful for lesson-learned systems [12]
and stock prediction [13].

A generalized probabilistic version of topic modeling
methodology, Latent Dirichlet Allocation, is also developed
[14]. Latent Dirichlet Allocation is shown to be useful for
predicting both the stock market [15] and the forex market
[16]. In this paper, Latent Dirichlet Allocation is used in Early
Warning System or prediction of stock market volatility for
the first time. Latent Dirichlet Allocation has the ability to
visualize each topic using words that can help users of the
system to intuitively understand the logic behind the
recommendations from the system.

3) Machine Learning Methodologies

Machine learning algorithms that are widely used in market
prediction are Support Vector Machine, Regression
Algorithms, Naive Bayes, Decision Trees, and their
combinations [6]. For easy visualization purpose, decision
tree-based classification algorithm C4.5 [17] are used in this
paper for determining whether or not there will be a crisis.

In designing an early warning system, it is important to note
that errors of false negative (a crisis happened but was not
alarmed), and false positive (crisis was alarmed but did not
actually happen), should not be treated equally, since a false
negative is a lot costlier to users than a false positive. In
dealing with a similar problem such as bankruptcy prediction,
cost-sensitive machine learning algorithms are used to address
the asymmetric natures of those errors [18].

III. SYSTEM CONSTRUCTION

In construction of the system, the same general framework
widely used by many researchers to construct a system that
predicts the directions of financial markets using textual data

is used [6]. This framework can be applied to the system since
the system consumes textual news data just like other market
prediction systems, to make a prediction about a financial
instrument that can be observed in the financial market. The
main difference is that the system predicts the crisis indicator
that is derived from the movement of a volatility index,
whereas other market prediction systems predict movements
of stock or financial indices directly. The three main modules
of the system are data, pre-processing, and machine learning.

= Wall Street Journal {Business & Finance Section)
» The Chicage Board Options Exchange Velatility Index

Data

= Topic modeling using Latent Dirichlet Allocation [14]
* Finding optimum number of topics [18]

+ C4.5 classification decisiontree [17]
« Cost-sensitive prediction [18]

Framework [6]
Fig. 1 High level design of the early warning system

A. Data

There are two components of data: Textual and numerical.
The textual news data is consumed by the system to construct
a model, and the numerical data is used to formulate the crisis
indicator which indicates whether or not crisis happened on
the date. The textual news data is obtained from the Business
and Finance section of The Wall Street Journal from 1990 to
2015 on a daily basis, and only the abstract section is used for
simplicity. The numerical data, daily VIX Index data from
1990 to 2015, is obtained from CBOE. The crisis indicator of
whether crisis happened or not is defined by whether VIX has
moved more than 10% based on the end of date (EOD) value
compared with the previous EOD value. For example, if EOD
VIX value is 19 on day 0, 20 on day 1, and 23 on day 2, the
crisis indicators will be “No” on day 1 since it only has
increased by 5.3%, and a “Yes” on day 2 since it has increased
by 15% which is greater than 10%. Only a rapid increase is
considered a crisis, but not a rapid decrease.

Each data point is composed of date, news, and crisis
indicator (Yes/No). Data from 1990 to 2010 is used to train
the system and data from 2011 to 2015 is used to evaluate the
system. In practical sense, the system analyzes a newly
published Wall Street Journal in the morning, against
historical data, and warns the user whether he or she is going
to have a rough day today, therefore, requiring extra attention.

B. Pre-Processing

One of the main challenges of using news data is its high
dimensionality since the appearance of each word can be
considered as a dimension. In this paper, high-dimensional
words are reduced to and represented in the form of topics.
Some classic topic modeling algorithms such as Latent
Semantic Analysis are able to show whether two documents
belong to the same topic or not, based on document similarity.
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However, it is difficult to intuitively interpret newly-reduced
dimension and feed the results into another model with
confidence. On the other hand, the Latent Dirichlet Allocation
(LDA) model allows easy manual interpretations of the
resulting topics based on words contained in each topic, if
needed. Therefore, in this paper, the dataset is put into LDA to
detect topics in the dataset for dimension reduction and feature
representation in the pre-preprocessing step. In order to use
LDA, the model requires the number of desired topics as an
input. This paper uses the natural number of topics [19] as the
input for the model. LDA generates a probabilistic distribution
of each data point to the topics in the form of: day X is 70%
topic C, 20% topic Z, and 10% topic L.

C. Machine Learning

In the machine learning step, patterns are recognized by a
machine learning algorithm and rules are generated. However,
the majority of classic machine learning algorithms, such as
Support Vector Machine or Neutral Network, despite their
powerfulness give little information beyond the outputs and
the decision rules are black-box. Without understanding how
the crisis call is made, the system has little value to the actual
users. Therefore, in this paper, decision tree algorithm C4.5 is
used to decide whether or not the system thinks there will be a
crisis today. In this step, the dataset with its probabilistic topic
distribution data is fed into C4.5 using library Weka [20] to
generate decision tree, such as: if a data point is greater than
50% topic M and greater than 90% topic N, then there is going
to be a crisis. A cost matrix that contains a higher penalty for
false negative than for false positive is given to C4.5 to make
the classification algorithm cost sensitive, since it’s better to
have the user better prepared for a crisis that actually never
happened, than vice versa.

D. Output and Evaluation

After the system is constructed, test data from 2011 to 2015
is used to test the trained model to evaluate the model.
Accuracy, recall, and precision are the main criteria that are
used for the evaluation, and their definitions are:

Number of correct classifications
Accuracy = f — f. (1)
Number of classifications
Number of crises detected
Recall = Yumberof atws detected 2)
Number of actual crises
P Number of crises detected
Precision = / 3)

Number of crisis warning calls made

Beyond the crisis warning calls the system can deliver,
another important output of the system is the visualization of
market structure or system decision process using decision
trees. Additionally, historical references to similar events are
also displayed, to guide the users in studying the implications
of the crisis.

IV. RESULT

Due to computation limitation, the natural number of topics
are first searched in a broader step (e.g., every 500 topics
initially) and more detailed searches with smaller and smaller

step sizes are conducted to more promising ranges. As shown
in Fig. 2, the natural number of topics for the dataset is near
100.
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Fig. 2 Natural number of topics search results

Penalty ratio in (4) attempts to capture the asymmetric
utility function of early warning system users by penalizing
more if system makes less desirable prediction error. In this
case, inability to warn against crisis when crisis actually
happened (false negative) is considered significantly costlier
to users than warning against a crisis when a crisis did not
actually happen (false positive). When the penalty ratio is
adjusted to 59 and the LDA model is constructed using 100
topics, the system generated 54% accuracy, 55% recall, and
9% precision; the system managed to warn against more than
half of the crises (recall) while maintaining better than average
accuracy. Fig. 3 illustrates the trade-off relationship between
accuracy and recall when adjusting penalty ratio.

Beyond the accurate crisis warning calls the system can
generate, the system can also generate historical reference to
similar events. For example, on October 10, 2014, the news
input indicated that “Global oil prices have fallen about 8% in
the past four weeks, potentially crimping the U.S. energy
boom.” The system predicted that there will be a crisis, and
the news belongs to Topic 90 with highest probability.
Historically, it is similar to June 2, 2008 event when
“Americans are resorting to often-risky ways of shoring up
cash as banks tighten lending standards, jobs dwindle, home
prices fall, and food and energy prices continue to climb,”
since the crisis happened on the day and it also belonged to

790



International Journal of Information, Control and Computer Sciences
ISSN: 2517-9942
Vol:10, No:4, 2016

Topic 90 with highest probability. As shown in Table I, Topic
90 is regarding fear driven by energy price. The system
suggests that the user recall what happened to the financial
market when energy price changed drastically on October 10,
2014, and pay special attention to the time around June 2,
2008. In reality, the VIX index increased to 21.24 from 18.76,
the previous day close, showing a 13% increase on October
10, 2015.

Accuracy
Recal A\
Pracision ! WA

ale

T T T T T
a 20 4an B0 B0 100

Panalty Rato

Fig. 3 Change in rates as penalty ratio increases

V.CONCLUSION

In this paper, it is shown that an early warning system can
be successfully constructed to consume news data to alert
against crisis. The system helps users understand whether
crisis is going to happen for the day based on textual news
data, an uncorrelated source from the traditional numerical
data. Additionally, the system also advises the user on what
are the potential causes of the crisis, using words that ordinary
people can easily comprehend, and the system points to the
historical time when similar events occurred to help users to
further study the implication of the upcoming crisis.

For suggested future work, a sentiment analysis can be
incorporated into this early warning system to see if sentiment
can improve the performance of the system.

TABLE 1
CONTENT OF TOPIC 90
price
fear
energi
cent
Send
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