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ABSTRACT

People buy things every day, and the prices of different items change every day for various reasons, such as economic
or political issues. This paper will focus on the crude oil price. Crude QOil plays a significant role in the stability of the
world economy, and it is also one of the indispensable materials in human modern social life. However, crude oil prices
are not always stable, and there are many internal and external factors that determine oil prices. This report will build a
Linear Regression Model, and the share price of the oil industry, US dollar index, and the inflation rate will be selected
as features. The coefficients of these factors are calculated in order to see how these factors affect the growth rate of oil
prices. Each feature selected in this paper is independent of the other. In the real world, these features sometimes affect
the price at the same time. Some other features cannot be represented by numbers, so it is very difficult to analyze the
growth rate of price. There are many other factors that affect the price of crude oil, so it is difficult to analyze what
affects affect more. The linear Regression model might not be the best for analyzing prices. Besides Linear Regression,
there are still many models for analyzing prices. Also, the paper did not consider all the problems.

Keywords: Crude Oil price, Machine Learning, Share Price, Linear Regression

there is an economic crisis. So it is not easy to analyze
the variations of price, since some external factors are
unpredictable and unexpected.

1. INTRODUCTION

Crude Oil is unprocessed petroleum, and it is a dark
brown viscous oily liquid with green fluorescence. Crude
Oil is found in geological formations beneath the Earth’s
surface. It is a mixture of different kinds of liquid
hydrocarbons such as alkanes and alkenes. Crude oil is
one of the most important sources of energy in the world.
Crude oil affects the world economy, and some countries’
economic performances depend on the export and
production of crude oil.

In recent years, in order to better track and predict the
price of crude oil, some researchers analyze the growth
rate of price on the basis of establishing consensus
forecast.[1] However, the drawbacks of this method are
that the consensus comes from different resources, which
can distort the original values from other resources.[2]

The current analysis of crude oil prices is mainly to
choose a variety of machine learning models to analyze
the price growth rate, such as ANN (Artificial Neural
Network) and SVM (Support Vector Machine). ANN is
a good model for analyzing. ANN stands for Artificial

In Economics, the demand and supply of an item
determine the price of that item. Prices of different items
vary every day. Sometimes the prices steadily increase,

and sometimes the prices suddenly decrease for various
reasons. The fluctuations of prices are unpredictable.
This paper will focus on the growth rate of crude oil
prices.

The crude oil price can be affected by the demand and
supply. Besides, there are many other factors affecting
the price of oil such as exchange rates, inflation rates,
stock market, GDP, etc. The oil price varies over years
based on the data in Trading Economics. On this website,
it can be seen the price suddenly increased in 2008, when

Neural Network, and it can analyze by taking in examples
and no programming work with task-specific rules is
required.[3] The advantage of ANN is that it can
determine the optimal lags in short term, it accurately
captures the changing pattern of oil price.[4] The
disadvantage of ANN is that the functioning of the
network is unexplained, it is difficult to debug.

SVM is another machine learning method used for
analyzing. SVM stands for Support Vector Machine.
SVM is typically used for classification purposes, but it
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can be used to solve regression problems. There are four
steps to do SVM-based modeling. The first one is data
sampling, then preprocessing the data and dividing the
data into in-sample data and out-of-sample data. [5] Next,
training the data. Finally, after training the data, the
analysis can be done. Many papers use SVM for price
prediction. However, when the data sets are relatively
large, SVM does not seem to be the best option.

This report analyzes the growth rate of price mainly
based on the linear regression models because it is one of
the most common and easiest learning models when
using it to analyze the price. This paper will try to find
the correlations between oil price and share price of oil,
the dollar index, and other factors that are responsible for
the price of oil. Since Linear Regression can predict
prices of crude oil at different dimensions, and it take
fewer resources and less time than ANN and SVM,
Linear Regression Model seem to be a better way.

2. METHODOLOGY

In linear regression, it computes a “hypothesis”
denoted as h using the training set. The hypothesis h takes
a feature as input x and we produce the output y which is
the oil price.[6] We need to compute the coefficient 6 to
minimize cost function J(8). The equation of J(0) is:

J(6) = (h(x) —¥)?

where m is the number of sample data.
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Figure 1: Algorithms of Linear Regression (h means
hypothesis)

Linear Regression Model is imported from sklearn.
linear_model to calculate the coefficient value 6. Before
building the Linear Regression Model, the related data
needs to be extracted and processed. The crude oil price
is cited from the Kaggle dataset as shown in Figure 2.[7]
In one day, there are open price, highest price, lowest
price, close price, adjacent close price and the number of
shares sold as shown in Figure 2 and Figure 3. As figure
4 shows the data between open price and close price on
the same day. The coefficient is 1.0063 which is very
close to 1. So there is little difference between the open
price and close price which means the price does not
fluctuate too much in one day. The coefficient between
the high price and low price is also close to 1. So this
paper will use the close price for data processing.
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03 Jul 2017 2,072.50 2,125.39 2,068.00 2,100.50 167191 4107923
30 Jun 2017 2,084.50 2,087.85 2,060.00 2,062.50 1.641.66 952,787
29 Jun 2017 211450 2,123.00 209250 209450 166713 1,101,521
Figure 3: Share price of Oil Industry (Source: Yahoo Finance)
© The second feature used as input x is the US Dollar
index. US Dollar index can be extracted from
4 investing.com. In Figure 6, the training result is shown.
» The coefficient is -3.8, and the mean square error is
53.35. As the US dollar index increases, the price of
L crude oil will decrease.
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Figure 4: relation between open price and close price f,
ER
The first feature used as input x is the share price of 5
Royal Dutch Shell. Royal Dutch Shell is one of the .
biggest oil industries in the world.[8] The reason for 0 .
using this feature is that the oil industry produces oil, the e - 0 0 e
amount of supply determines the price of oil. The share Share Price of Oil Industry (US $)

price comes from Yahoo Finance as shown in Figure 3.
[9] There are 100 data in total from the closing price of |
2020/02/25 to 2020/07/21. This experiment splits the price
data into a training dataset and a testing dataset. The ratio

of two datasets is eight to two. In Figure 5, the training 3. DISCUSSIONS

result is shown. As the share prices of the oil industry
increase, the crude oil price will also increase. The
coefficient is 0.016, and the mean square error is 90.47.

Figure 6: relations between US dollar index and oil

Two features were chosen in this paper. The
coefficients and mean square error of the two features are
shown in table 1.

50

] ]

Qil price (US $)

=
o

1000 1200 1400 1600 1600
Share price of Qil Industry (US $)

Figure 5: relation between oil price and share price of
oil industry
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Table 1: Coefficients & means square errors

Feature Coefficient Mean Square error
Share price 0.016 90.47
US dollar index -3.8 53.35

Some features (e.g. Share price of oil industry) are
positively affecting the oil price. Some features (e.g. US
dollar index) are negatively affecting the oil price. When
the absolute value of the computed coefficient is large, it
means that the feature affects the oil price more. In table
1, the absolute value of coefficient in US dollar index is
larger than the one in share price of oil industry.
However, it hard to say US dollar index really has more
affections. And there might be relations between US
dollar index and share price of oil industry. When
combining two features, a polynomial regression model
can be built. For example, in table 2, let the sample size
m = 100, x, is always 1, x; is the first feature (share
price), x, is the second feature (US dollar index), and y
is the output price. In polynomial regression, the
hypothesis h = 8, + 6;x; + 0,x,.[10] The coefficient 6

-1
can be calculated in: (X"X) X"y |

Table 2: values of features

Xo X1 X2 y
1 1780.2 98.901 49.9
1 1786 98.938 | 48.73

Also, there are many other features affecting the oil
price. More features x5, x, ... can be added when using
polynomial regression. However, there are some features
that cannot use numbers to represent. For example, it is
very difficult to use numbers to describe weather, and the
weather may affect the oil price.

There are many factors that can be used as the input
features of the Linear Regression model. Therefore, the
most affected functions can be found through the
application of the linear regression equation, but it takes
a lot of time, and the difficulty of obtaining some data
will increase the related costs.

There are many factors that affect oil prices, and the
instability of oil prices will affect people's daily lives.
Therefore, the forecast of oil prices is extremely
important. Based on the irregular fluctuations of oil
prices, when people buy oil or related products, they will
give priority to the timing of purchase. If oil prices are
expected to fluctuate many times in a week, consumers
can choose to buy at the cheapest price in a week, which
can save a lot of money.

4. CONCLUSION

In this paper, US dollar index and share oil price are

the features used in the Linear Regression model. Based
on the coefficients calculated, US dollar index affects
more than share price of oil. Polynomial Regression can
be used to combine two or more features.

In conclusion, there are many factors that affect oil
price, so it is difficult to analyze what affects affect more.
Meanwhile, there might be correlations between each
feature. Some factors can indirectly affect the price of oil,
and the model might not calculate the desired coefficient.
This paper cannot guarantee each feature is independent
of the other. In methodology, this paper assumes US
dollar index is independent of share price of oil.

The Linear Regression model may not be the best
model, there are still many learning models for analyzing
the growth rate of price. Here this paper does not consider
all the problems, for examples, it is hard to predict the
natural disaster. For researches for finding more features,
it is better to choose from the perspective of global
economics.
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