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Abstract: This study attempts to discover the nexus between crude oil price fluctuation after heavy
oil upgrading and stock returns of petroleum companies in the U.S. Stock Exchange for the years
2008 to 2018. One of the methods of upgrading heavy crude oil is to extract asphaltene from crude oil.
Considering the Asphaltene Removal (AR) as a factor in the nexus between oil price and the stock
market is an innovation in the literature of energy finance. Asphaltenes cause many problems in the
petroleum industry, which increases the cost of oil production and reduces the financial efficiency of
oil companies. The AR is certainly one of the significant matters of the oil industry and can affect
the price of oil. Therefore, changes in the price of oil can influence the price of oil company stocks.
Hence, changes in stock prices will certainly affect the stock returns of oil companies. In an effort to
solve this puzzle, the four financial models were employed to explore the nexus between oil price
fluctuations and stock returns. The analysis of the results demonstrated that the oil price fluctuations
caused by the removal of asphaltenes influence the stock returns of petroleum companies. Eventually,
the theoretical hypothesis was confirmed by considering the USA as a case study. The outcomes of
this investigation are a theoretical progression in areas related to the petroleum industry and the stock
market that could lead to the adoption of new investment policies in the petroleum industry including
investing in new procedures to manage and decrease the costs and time of the AR process, which
would result in the advancement of petroleum companies. In fact, we have introduced a modern
investment strategy in the oil industry aimed at reducing oil production costs, improving financial
statements and increasing the stock returns of petroleum companies. Eventually, we will present new
investment policies in the oil industry that can lead to economic growth and development of financial
markets especially stock market, derivatives market, futures exchange, commodities exchange, as
well as bond market.

Keywords: stock returns; oil price; CAPM; heavy oil upgrading; AR; oil price fluctuations; GARCH

JEL Classification: B26; C10; C58; E30; F37; G10; G20; O16; O21; O30; Q40; Q49

1. Introduction

Crude oil is one of the most valuable commodities in the world. Its price affects the financial
markets and economic systems at each scale. Crude oil prices are extremely sensitive and fluctuate
due to many factors, including supply, demand, derivatives, political events and crises (Kilian 2009).
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Financial specialists believe that the forecasting the path of crude oil prices are extremely
challenging since they are unstable and complex and rely on different conditions. They employ a
variety of predicting tools to forecast the correct trends of oil price fluctuations (Yu et al. 2008). The AR
is a heavy oil Upgrading operation, i.e., the conversion process, which converts primary products into
an acceptable raw material for petroleum refineries (Mohammadi et al. 2019b).

Asphaltene, a very heavy fraction of crude oil, precipitation and deposit can occur at different
stages during oil production (Safari et al. 2017). These deposits may plug the wellbore tubing and
valves, as well as pipeline and industrial equipment. Asphaltene is definitely found in crude oil and
must be eliminated during the processing stages of crude oil. Asphaltene problems can considerably
decrease well profitability, resulting in problematic operational problems, reducing production and
increasing the costs of oil production (Mohammadi et al. 2015).

Many studies have presented the AR methods and asphaltene problems in the petroleum and
petrochemical industry. One of the useful methods for removal of asphaltene is to apply chemical
additives such as solvents (Chen et al. 2012), surfactants (Kashefi et al. 2016b), polymers (Kashefi et al.
2016a), nanoparticles (Mohammadi et al. 2019a) and adsorbents (Mohammadi et al. 2014).

Regarding the serious operating problems encountered in the presence of asphaltenes, the removal
of asphaltenes from crude oil seems to be essential. Separating asphaltenes not only removes the
problem of asphaltene precipitation but also improves the crude oil specifications, including increasing
API gravity and reducing viscosity that they have a significant impact on the price of crude oil. Hence,
the aforementioned issues will lead to variations in oil price (Sedighi et al. 2018a, 2018b).

The fluctuations in the oil price are reflected in the different financial markets, and in particular the
stock exchange (Jones and Kaul 1996). Although financial media expect the price of oil to stimulate the
stock market, the empirical evidence of the effect of changes in crude oil prices on stock prices is merged.
The variations in the price of crude oil are generally regarded as a key element to understanding the
fluctuations in stock prices (Kilian and Park 2009).

Fluctuations in the price of oil are an essential and applied issue to research, which in turn may
demonstrate the upcoming investments in the financial markets. Developed economies intensely rely
on oil consumption for their economies to thrive. Hence, fluctuations in oil prices, for whatever reason,
can have serious effects on these economies. Oil price changes have an effect on the production process
and the financial efficiency of corporations, which eventually affects their EPS, DPS, income and also
stock prices. The rise in oil prices is unlikely to have much impact on the various sectors of the economy,
as their dependencies in the oil industry are different. For example, rising oil prices are expected to
increase investment in petroleum companies’ stocks, which will increase oil production by drilling
companies in the coming years (IEA 2018). As a result, the expected increase in oil production could
lead to an increase in cash flow and higher financial efficiency of these firms. Although it is generally
acknowledged that variations in oil prices have a significant effect on the financial performance of
numerous companies, very few empirical studies have been conducted to assess the sensitivity of stock
prices of petroleum companies to fluctuations in oil prices after the AR.

Many researchers investigated the nexus between the price of oil and the financial markets
especially the stock exchange, but none of them takes into account the AR factor (Faff and Brailsford
1999; Papapetrou 2001; Sadorsky 2001; Cong et al. 2008; Hammoudeh and Li 2008; Miller and Ratti
2009; Arouri and Nguyen 2010; Gogineni 2010; Al-Tamimi et al. 2011; Elyasiani et al. 2011; Jung and
Park 2011; Mohanty et al. 2011; Arouri et al. 2012; Arouri and Rault 2012; Broadstock et al. 2012).

The purposes of this article are to add to the rare literature for this novel matter and
conceptualization for future researches. In fact, we intend to move towards theoretical advancement
in this new matter. The literature on this topic has two main parts. First, four financial models have
been applied that were not previously utilized to evaluate the relationship between oil price and stock
exchange. Second, the modeling structure was expanded from bivariate to a multivariate one.
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In other words, the bivariate model was improved to a multivariate model by adding a third
factor, namely the AR factor. Therefore, the developed models are an improvement over the other
studies used in the current literature.

The rest of this paper is structured as follows: In Section 3, we express the notations used in
this paper. Section 4 explains the data and methodology. Section 5 proposes the results of this paper.
Finally, in Section 6 conclusions and investment policies are presented.

2. Background

Despite the prevalent positions in the financial press, there is no general agreement on the nexus
between crude oil prices and stock prices amongst financial analysts. For instance, (Kling 1985) inferred
that the rise in oil prices is relevant to the stock market decreases. On the other hand, (Chen et al. 1986)
indicated that changes in the price of oil have no effect on asset pricing.

(Jones and Kaul 1996) revealed a negative correlation between oil price variations and total stock
yields. Nevertheless, (Huang et al. 1996) discovered no negative nexus between stock yields and oil
price variations over time, and (Wei 2003) claimed that the decline in U.S. stock prices in 1974 could
not be described by oil price rise in 1973.

Many scientific studies have looked at the effect of oil price variations on financial markets,
specifically, stock exchange. (Hamilton 1983, 1996) was one of the first to show that oil price
fluctuations have a substantial impact on the US financial system.

(Sadorsky 1999) analyzed the nexus between oil prices and stock yields in the USA on the basis of
monthly information. His research shows that stock yields decrease in a short time as a reaction to an
increase in oil prices.

(El-Sharif et al. 2005) examined the nexus between crude oil prices and equity values in the oil
and gas sectors of the UK applying a multi-factor approach utilizing daily information. They realized
that an increase in oil prices boosts the yields in the energy markets.

(Nandha and Faff 2008) examined the impact of oil price variations on universal industry indices
between 1983 and 2005. They indicated that rising oil price had a negative effect on stock yields of all
sections with the exception of exploration and petroleum and gas companies.

(Narayan and Narayan 2010) examined the effect of oil prices on Vietnam’s stock prices utilizing
daily information from 2000 to 2008. They found that stock prices, oil prices, and nominal exchange
rates are coordinated, and oil prices have a positive and considerable effect on stock prices. Their
outcomes are incompatible with theoretical expectancies.

(Aloui et al. 2012) examined the impacts of oil price shocks on stock market yields utilizing
information from 25 emerging countries. Their research focuses on an analysis of long-run correlation
and a conditional multi-factor pricing model. The outcomes demonstrated that oil price risk is
considerably priced in emerging markets and that the oil effect is asymmetric with regards to
market cycles.

(Cunado and de Gracia 2014) evaluated the effect of oil price shocks on stock returns for twelve
oil importing European economies utilizing VAR and VECM from 1973 to 2011. They found that the
reaction of the European stock returns to oil price shock could be varied greatly based on the primary
causes of the oil price fluctuations. The outcomes indicated that oil price fluctuations have a negative
effect on European stock market yields.

(Narayan and Gupta 2015) investigated the role of oil prices in predicting stock returns utilizing
monthly time-series historical information from 1859 to 2013. They employed a predictive regression
method which considers three main attributes of the information. They found that oil price forecasts US
stock returns and both positive and negative oil price variations are key forecasters of US stock returns.

(Zhu et al. 2016) employed a quantile impulse response method to examine the effect of oil price
shocks on Chinese stock returns. They found that the responses of the Chinese stock market return to
oil price shocks varied significantly, based on the phases of economic growth and whether the shock is
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related to demand or supply. The outcomes of their work prove that the effects of oil price shocks on
Chinese stock yields display asymmetric specifications.

(Shaeri and Katircioğlu 2018) evaluated the relationship between oil prices and stock prices
of oil, technology and transportation firms under multiple regime shifts. They used weekly data
from 1990 to 2015 in the U.S. stock markets. The final outcomes proved that there exist long-term
relationships among stock indices, crude oil prices, short-run interest rates and the S&P 500. Also
results demonstrated that stock prices of oil companies are positively influenced by oil prices to a
higher level compared to that of technology and transportation stocks.

(Çevik et al. 2018) examined the causal nexuses between price fluctuations in oil markets and
international stock yields employing approaches of (Cheung and Ng 1996) and (Hong 2001). They
discovered that there is a causal nexus between oil price fluctuations and G7 countries’ stock yields for
some periods. Additionally, they realized that there might be a distinction between the fluctuations
in Brent and WTI oil prices with regards to their Granger-causal impacts on oil-importing emerging
markets’ stock yields. Their outcomes presented more evidence that the impacts of oil price fluctuations
on stock yields might be distinct according to the movements in the stock exchanges. This study is in
accordance with the results of (Lee et al. 2012).

(Lee and Baek 2018) employed the nonlinear ARDL method to study the effect of oil price changes
on the stock prices of renewable energy firms. They also noted that fluctuations in oil price had
asymmetric effects on renewable energy stock prices in the short-term. The outcomes of their research
indicated that increasing oil prices led to a rise in the stock prices of renewable energy companies in
the short-term but not in the long-term.

(Shaeri and Katircioğlu 2018) evaluated the relationship between oil prices and stock prices
of oil, technology and transportation firms under multiple regime shifts. They used weekly data
from 1990 to 2015 in the U.S. stock markets. The final outcomes proved that there exist long-term
relationships among stock indices, crude oil prices, short-run interest rates and the S&P 500. Also,
results demonstrated that stock prices of oil companies are positively influenced by oil prices to a
higher level compared to that of technology and transportation stocks.

According to the analysis of related studies, the outcomes of assessment of the effect of oil price
fluctuations on stock returns are complex because of many reasons such as application of diverse
methodologies, the time period of the research, the kind of econometric and financial models, the
conditions of countries, etc.

After considering previous studies on the nexus between oil price and the stock market, the
novelty of our research work is that we consider the AR factor in the nexus between oil price and
stock markets.

3. Notations

The following notations are employed in the entire article:

Rit The yield of petroleum companies i in the period t
Pit The price index i in time t
γi The stock sensitivity index in presence of changes in petroleum price after the AR
βi The market coefficient
RO,t The petroleum price changes after the AR
RO,t−1 The lagged petroleum yields
R
◦

W,t The orthogonal yield of the world market
b0 The estimator of a
b1 The estimator of c
AM The artificial market variable
Ao The artificial oil variable
γA

i The sensitivity index of stock i before petroleum price movements
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4. Data and Methodology

This study evaluates the effect of the AR on stock returns of oil companies. According to the
findings of the oil industry, the price of crude oil fluctuates positively on the removal of asphaltenes
from crude oil. The hypothesis is that after the AR there are positive changes in the stock yields of
petroleum companies.

To focus on this issue, 30 petroleum companies were examined and their returns relevant to
changes in crude oil prices were measured applying GARCH models, which are best for stock returns.
GARCH procedures are extensively used in the modeling of asset returns and inflation in finance and
economics due to their advantages and efficiency. GARCH procedures, which are autoregressive, seek
to minimize forecasting errors by accounting for errors in previous predictions thereby improving
the precision of consecutive forecasts. In this investigation, the standard GARCH(1,1) was applied
(Bollerslev 1986; French et al. 1987; Lamoureux and Lastrapes 1990; Nelson 1990).

The thirty petroleum companies (Listed in Table 1) assessed in this research have been selected
from American oil, gas and petrochemical companies for the period of 2008 to 2018, which are admitted
in U.S. stock exchange.

We perform four models by applying the daily/monthly/yearly stock returns of the 30 petroleum
companies as mentioned. Table 2 indicates the number and time period of observations. All data about
oil price, stock price and stock returns have been collected from www.nyse.com, www.nasdaq.com
and www.marketwatch.com.

Table 1. Petroleum Companies.

Name Stock Symbol Name Stock Symbol

ExxonMobil NYSE: XOM Southwestern Energy NYSE: SWN
Vaalco Energy NYSE: EGY Hess Corporation NYSE: HES

Whiting Petroleum NYSE: WLL Range Resources NYSE: RRC
WPX Energy NYSE: WPX Linn Energy NASDAQ: LNGG
Rex Energy NASDAQ: REXX Pioneer Natural Resources NYSE: PXD

Noble Energy NYSE: NBL Murphy Oil NYSE: MUR
Laredo Petroleum NYSE: LPI Newfield Exploration NYSE: NFX

Occidental Petroleum NYSE: OXY Concho Resources NYSE: CXO
ConocoPhillips NYSE: COP Oasis Petroleum NYSE: OAS

Continental Resources NYSE: CLR Marathon Oil NYSE: MRO
Denbury Resources NYSE: DNR SandRidge Energy NYSE: SD

Devon Energy NYSE: DVN SM Energy NYSE: SM
Energen NYSE: EGN Chesapeake Energy NYSE: CHK

EOG Resources NYSE: EOG Chevron Corporation NYSE: CVX
EQT NYSE: EQT Cimarex Energy NYSE: XEC

Table 2. Time periods and observations.

Time Period
Observations

From To

01/01/2008 12/31/2008 372
01/01/2009 12/31/2009 415
01/01/2010 12/31/2010 544
01/01/2011 12/31/2011 658
01/01/2012 12/31/2012 749
01/01/2013 12/31/2013 864
01/31/2014 12/31/2014 983
01/01/2015 12/31/2015 1172
01/01/2016 12/31/2016 1246
01/01/2017 12/31/2017 1342
01/01/2018 12/31/2018 1460

www.nyse.com
www.nasdaq.com
www.marketwatch.com
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To achieve reliable outcomes, only the AR factor was considered and the inflation impact and other
factors such as supply, demand, political events, etc. were removed because removing the impacts of
inflation and other factors on the stock returns allows the financial managers and investors to observe
the accurate influence of the AR factor without external factors.

All of the price scopes were turned into profitability scopes with respect to the Equation (1):

Rit = log (
Pit

Pit−1
) (1)

After the AR and based on crude oil prices during the years 2008–2018, the crude oil price after
the AR was simulated by considering the evidence and statistics in the petroleum industry to examine
the hypothesis. To calculate the crude oil hypothetical price after the AR, yearly report and financial
data of Halliburton Company have been applied (Halliburton 2018). Asphaltene sediments can cause
widespread and costly mechanical problems in the petroleum industry. Halliburton provides various
services which can contribute to the removal of these deposits (Halliburton 2018). We also used
the information of “DWAX” and “ParaSolve Canada Inc.” which are the Canadian oil field service
companies, specializing in the removal of paraffin and asphaltene restrictions from producing oil wells
and flow lines while the well remains operational (DWAX 2018; Para Solve Canada 2018).

Figure 1 shows the daily closing price of the WTI crude oil over the last ten years. Prices are
quoted in US dollars (Crude Oil Prices). Historical prices of crude oil over the last ten years provided
in Table 3. All prices are in U.S. dollars ($).

Economies 2019, 7, x FINAL PROOFED VERSION 6 of 16 

We perform four models by applying the daily/monthly/yearly stock returns of the 30 petroleum 
companies as mentioned. Table 2 indicates the number and time period of observations. All data 
about oil price, stock price and stock returns have been collected from www.nyse.com, 
www.nasdaq.com and www.marketwatch.com. 

To achieve reliable outcomes, only the AR factor was considered and the inflation impact and 
other factors such as supply, demand, political events, etc. were removed because removing the 
impacts of inflation and other factors on the stock returns allows the financial managers and investors 
to observe the accurate influence of the AR factor without external factors. 

All of the price scopes were turned into profitability scopes with respect to the Equation (1): 𝑅 = log ( 𝑃𝑃 ) (1) 

After the AR and based on crude oil prices during the years 2008–2018, the crude oil price after 
the AR was simulated by considering the evidence and statistics in the petroleum industry to examine 
the hypothesis. To calculate the crude oil hypothetical price after the AR, yearly report and financial 
data of Halliburton Company have been applied (Halliburton 2018). Asphaltene sediments can cause 
widespread and costly mechanical problems in the petroleum industry. Halliburton provides various 
services which can contribute to the removal of these deposits (Halliburton 2018). We also used the 
information of “DWAX” and “ParaSolve Canada Inc.” which are the Canadian oil field service 
companies, specializing in the removal of paraffin and asphaltene restrictions from producing oil 
wells and flow lines while the well remains operational (DWAX 2018; Para Solve Canada 2018). 

Figure 1 shows the daily closing price of the WTI crude oil over the last ten years. Prices are 
quoted in US dollars (Crude Oil Prices 2008–2018). Historical prices of crude oil over the last ten years 
provided in Table 3. All prices are in U.S. dollars ($). 

 
Figure 1. Annual crude oil price. 

Table 3. Historical annual data for crude oil prices. 

Year Open Price Low Price High Price Close Price 
2008 99.64 30.28 145.31 44.60 
2009 46.17 34.03 81.03 79.39 
2010 81.52 64.78 91.48 91.38 
2011 91.59 75.40 113.39 98.83 
2012 102.96 77.72 109.39 91.83 
2013 93.14 86.65 110.62 98.17 
2014 95.14 53.45 107.95 53.45 
2015 52.72 34.73 61.43 37.04 
2016 36.76 26.21 54.06 53.72 

Figure 1. Annual crude oil price.

Table 3. Historical annual data for crude oil prices.

Year Open Price Low Price High Price Close Price

2008 99.64 30.28 145.31 44.60
2009 46.17 34.03 81.03 79.39
2010 81.52 64.78 91.48 91.38
2011 91.59 75.40 113.39 98.83
2012 102.96 77.72 109.39 91.83
2013 93.14 86.65 110.62 98.17
2014 95.14 53.45 107.95 53.45
2015 52.72 34.73 61.43 37.04
2016 36.76 26.21 54.06 53.72
2017 52.33 42.53 60.42 60.42
2018 60.37 42.53 76.41 45.41
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The method employed in this investigation is based on the method of Nandha and Brooks (Nandha
and Brooks 2009). Subsequently, all of the models originate from CAPM (Sharpe 1964; Lintner 1965;
Black 1972; Jensen et al. 1972). Considering Soytas and Oran (Soytas and Oran 2011), Ghosh (Ghosh
2011), Narayan and Sharma (Narayan and Sharma 2011), all of the models are GARCH and include the
heteroskedasticity features of the returns time series (Lamoureux and Lastrapes 1990).

Stock-market price forecasting is considered as one of the most challenging operations of financial
time series prediction. The complexity of predicting originates from the attributes of non-linear
and non-stationary of stock market trends and financial time series. The novel model proposed
by (Sedighi et al. 2019a, 2019b) could be employed to accurately predict the stock’s future prices of
oil companies.

The outcomes attained by applying non-stationary time series may be spurious since they may
show a nexus between two variables in which one does not exist. Before achieving the point of
conversion for the non-stationary financial time series data, the different types of non-stationary
processes should be determined. It results in a better comprehension of the procedures and lets
implement the appropriate and acceptable modification. In an effort to achieve compatible and
dependable results, the non-stationary data are required to be converted into stationary data.

Previously, Box–Jenkins methods, for instance the autoregressive and ARIMA methods, were
presented to deal with this challenge (Chatfield 2000). Even so, these methods were designed
based on the supposition that the time series being predicted are linear and stationary. Recently,
nonlinear methods have been introduced, including ARCH, GARCH, ANN, FNN and SVR. Hence,
the aforementioned issues are the main reasons for employing GARCH model in this investigation
(Nelson 1991; Bollerslev et al. 1994; Hansen and Nelson 1997; Tay and Cao 2001; Kim 2003).

The Model 1 is a classic model of CAPM in which changes in crude oil prices are added as variables,
according to Equations (2)–(6). This model examines whether AR has a significant influence on oil
company stock yields and what kind of nexus exists between these factors. Taking into consideration
that there is a nexus between the stock exchange and crude oil (Park and Ratti 2008; Narayan and
Narayan 2010; Soytas and Oran 2011; Cunado and de Gracia 2014; Narayan and Gupta 2015), to
characterize the market impact, a market element is utilized which is not described by the oil price index.

Rit = αi + βi ×Ro
W,t + γi ×RO,t + eit (2)

T2
it = ϕ0 + ϕ1e2

i,t + ϕ2T2
i,t (3)

eit = Titϑt ; ϑt ∼ N(0, 1) (4)

RW,t − (b0 + b1 ×RO,t) (5)

RW,t = a + γ+ RO,t + ut (6)

The second model (Equations (7)–(9)) aims to evaluate whether negative market fluctuations
and oil price variations after AR have a significant effect on oil stock returns and consequently if the
asymmetry is available in regards to the positive alterations.

Rit = αi + βi ×Ro
W,t + βA

i ×
(
Ro

W,t ×AM
)
+ γi ×RO,t + γA

i × (RO,t ×Ao) + eit (7)

T2
it = ϕ0 + ϕ1e2

i,t−1 + ϕ2T2
i,t−1 (8)

eit = Titϑt ; ϑt ∼ N(0, 1) (9)

The third model (Equations (10)–(12)) aims to determine whether market alternations and crude
oil prices after AR with a lag of 1 period have a significant impact on oil stock yields and the type of
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nexus existing amid these factors. Compared to the first model, it can be specified if a lag exists in
decision making by the traders regarding the changes in crude oil prices.

Rit = αi + βi ×Ro
W,t + γi ×RO,t−1 + eit (10)

T2
it = ϕ0 + ϕ1e2

i,t−1 + ϕ2T2
i,t−1 (11)

eit = Titϑt ; ϑt ∼ N(0, 1) (12)

Finally, the fourth model (Equations (13)–(15)) is a broader model used to analyze whether crude
oil price shocks have a significant influence on stock returns of petroleum companies. This model is
based on the hypothesis that there is an overreaction in the oil stock price while the crude oil price
alterations are excessive and unusual.

Rit = αi + βi ×Ro
W,t + γi ×RO,t + γA

i × (RO,t ×Ao) + eit (13)

T2
it = ϕ0 + ϕ1e2

i,t−1 + ϕ2T2
i,t−1 (14)

eit = Titϑt ; ϑt ∼ N(0, 1) (15)

5. Results and Discussion

In implementing the first model, the outcomes indicate that the market has a significant and
positive impact on most petroleum companies with regard to the oil price, the AR and conceivable
opportunities. With regard to the condition observed, the market typically affects most oil companies if
the price after removal of asphaltenes is taken into account compared to the previous price, especially
for monthly and annual assessments. For 71% of the stocks of petroleum companies, the βi is lower
than 1, which shows a negative impact of the market return in the conventional CAPM model. A total
of 29% of the petroleum companies examined have a βi more than 1 and therefore have an increasing
influence on the market (See Table 4).

Table 4. The outcomes of Model 1.

Stock Symbol βi γi Stock Symbol βi γi
XOM 0.3475 0.0827 SWN 0.4215 0.1288
EGY 0.5442 0.0682 HES 1.4776 0.1763
WLL 0.3425 0.2241 RRC 0.3537 0.1495
WPX 0.6874 0.2143 LNGG 0.4125 0.1357
REXX 0.1456 0.1796 PXD 0.4308 0.0245
NBL 0.4796 0.0225 MUR 0.2677 0.0482
LPI 0.1488 0.2174 NFX 0.1263 0.0735

OXY 0.5306 −0.0325 CXO 0.1245 0.1150
COP 0.1442 0.0942 OAS 0.1496 −0.0463
CLR 1.3835 0.1586 MRO 1.2570 −0.0285
DNR 0.1440 0.0236 SD 0.1442 −0.1864
DVN 0.3207 0.8525 SM 1.2205 −0.1433
EGN 1.4335 −0.1174 CHK 0.4176 0.0775
EOG 0.7508 −0.2366 CVX 0.2635 0.0424
EQT 0.2445 0.0835 XEC 0.3309 0.0655

In terms of returns, daily price changes have a greater impact on stocks of petroleum companies. It
is worth noting that the removal of asphaltenes is the most positive effect of daily frequency, suggesting
that an increase in the oil prices enhances the value of petroleum companies. By contrast, in the
monthly and annual range, most of the revenue is decreased given the increment of one of the major
costs of petroleum companies.
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A total of 58% of oil companies influence the stock price before/after the asphaltene. For the WTI
analysis, 77% have monthly and annual market impact, showing a significant impact of the market on
stock prices of petroleum companies.

In the daily evaluation (See Table 5), 61% of the petroleum companies have an interest in the
market and oil coefficients. The outcome is appealing because it demonstrates a share of the oil price
oscillations to the stock return in a significant percentage of the petroleum companies surveyed.

Table 5. Significance of market and petroleum effects based on first model.

Market Petroleum

S 3 P 4 N 5 S P N

PPBAR 1
Daily 81% 81% 0% 67% 38% 14%

Monthly 68% 68% 0% 31% 20% 14%
Yearly 83% 83% 0% 41% 27% 16%

PPAAR 2
Daily 85% 85% 0% 44% 28% 14%

Monthly 56% 56% 0% 33% 15% 12%
Yearly 90% 90% 0% 51% 46% 13%

1 Petroleum Price before Asphaltene Removal; 2 Petroleum hypothetical Price after Asphaltene Removal; 3 Significant;
4 Positive; 5 Negative. The level of significant coefficients: 5%.

For 32% of the petroleum companies’ stocks investigated, the WTI price fluctuations are significant
in the daily and monthly evaluation (at the 5% level), and in 68% of these instances, the signal
of the impact is preserved, demonstrating the stability of the impacts. After integration of the
symmetry-related artificial variables into the second model (Tables 6 and 7), the number of substantial
oil and market coefficients diminishes as compared to the first model.

In the daily models, the market importance diminishes, whereas the returns diminish even more.
Regarding asymmetry, more than 29% of the petroleum companies indicate this impact compared to
the market, meaning that negative changes in comparison with positive fluctuations have a greater
effect on stocks price changes of petroleum companies.

However, the oil price asymmetry impact on stock prices is not considered greater than 75% of
the cases. In addition, the most instances of the oil impact are positive in the daily evaluation.

Table 6. The outcomes of Model 2.

Stock
Symbol βi βA

i γi γA
i

Stock
Symbol βi βA

i γi γA
i

XOM 0.4153 0.0425 0.1274 0.0747 SWN 0.2746 0.0125 0.0807 0.1278
EGY 0.2965 0.1374 0.0530 0.1510 HES 1.8323 0.4510 0.2872 0.0742
WLL 0.1457 0.2298 0.1341 0.0745 RRC 0.3541 0.5186 0.0721 0.1153
WPX 0.4235 0.3104 0.1752 0.0879 LNGG 0.2365 0.2372 0.6530 0.4122
REXX 0.3146 0.4035 0.0329 0.0535 PXD 0.2980 0.3863 0.1707 0.6273
NBL 0.1205 0.0318 0.1840 0.2146 MUR 0.2605 0.3029 0.1556 0.1396
LPI 0.6301 0.2436 0.8782 0.3533 NFX 0.0198 0.2553 0.5741 0.1865

OXY 0.6402 0.0596 0.4675 0.0855 CXO 0.0574 0.3641 0.9125 0.2340
COP 0.2908 0.3573 0.4727 0.5443 OAS 0.3435 0.0920 0.3307 0.4875
CLR 1.1680 0.1654 0.1223 0.5298 MRO 1.5014 0.2909 0.0469 0.0755
DNR 0.8603 0.8318 0.0598 0.7163 SD 0.9325 1.6351 0.6123 0.1868
DVN 0.7215 0.1940 0.1563 0.2305 SM 1.4002 0.1795 0.1585 0.0354
EGN 1.8002 0.2336 0.4854 0.2774 CHK 0.4183 0.4336 0.8966 0.1525
EOG 1.1305 0.3294 0.0585 0.8236 CVX 0.3505 0.2465 0.7105 0.4633
EQT 0.1417 0.2473 0.1763 0.0509 XEC 0.5821 0.1271 0.0132 0.1376



Economies 2019, 7, 71 10 of 17

Table 7. Significance of market and petroleum effects based on second model.

Market Market Artificial Petroleum Petroleum Artificial

S P S P S P S P

PPBAR
Daily 57% 57% 35% 16% 21% 7% 11% 14%

Monthly 31% 31% 17% 6% 14% 5% 12% 4%
Yearly 23% 23% 19% 6% 10% 4% 13% 4%

PPAAR
Daily 59% 59% 38% 19% 13% 7% 14% 15%

Monthly 33% 33% 14% 13% 18% 8% 10% 2%
Yearly 26% 26% 11% 8% 14% 3% 10% 2%

A total of 41% of the petroleum companies have a substantial positive market influence and the
WTI asymmetry consequences, showing that virtually one-third of the petroleum companies stocks are
influenced by WTI price tendencies. It is challenging to examine that all situations of asymmetry are
positive, which means that when the WTI price diminishes the effect is greater than if the price of WTI
rises. This consequence is displayed for any daily reports.

For the implementation of the third model, which incorporates different market variables and
lagged oil prices, Tables 8 and 9 were obtained.

Table 8. The outcomes of Model 3.

Stock Symbol βi γi Stock Symbol βi γi
XOM 0.3910 0.0821 SWN 0.3391 0.0451
EGY 0.4435 0.0485 HES 1.4205 0.0212
WLL 0.2706 0.2612 RRC 0.4322 0.0271
WPX 0.8251 0.2114 LNGG 0.3705 0.1405
REXX 0.6103 0.1423 PXD 0.3242 0.0351
NBL 0.0705 0.0031 MUR 0.2374 0.0059
LPI 0.5812 0.1415 NFX 0.1563 0.0301

OXY 0.5781 0.0372 CXO 0.1788 0.0672
COP 0.1379 0.0561 OAS 0.0095 −0.1585
CLR 1.4005 0.0088 MRO 1.2802 −0.0207
DNR 0.1377 0.0214 SD 0.0923 −0.0512
DVN 0.5804 0.1235 SM 1.5689 −0.0603
EGN 1.3418 −0.0784 CHK 0.5203 0.0889
EOG 0.8805 −0.0503 CVX 0.3241 0.0202
EQT 0.0470 0.0297 XEC 0.3517 0.0795

Table 9. Significance of market and petroleum effects based on third model.

Market Petroleum

S P N S P N

PPBAR
Daily 88% 88% 0% 45% 36% 6%

Monthly 75% 75% 0% 32% 19% 3%
Yearly 72% 72% 0% 46% 35% 14%

PPAAR
Daily 88% 88% 2% 51% 37% 11%

Monthly 62% 62% 0% 19% 12% 7%
Yearly 73% 73% 0% 38% 32% 12%

The substantial rates from the market preserve likeness with those of the model with the variables
of the first model. In most situations, the market has more effect in comparison with the first model,
indicating the impact of the market on the stock return of petroleum companies.

The market impact is perfectly positive for all the conditions. After checking the market coefficient
in the daily examines, we found that in 66% of the cases which have a significant market impact, the
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oil impact is indicated to supplement the market impact. That is why the βi enhances in 49% of the
petroleum companies’ stocks.

A total of 68% of assessed stocks of petroleum companies have a significant market impact in the
daily evaluation, which represents 77% of the petroleum companies that have a lagged oil impact. 51%
of the petroleum companies have two impacts, and in 79% of these situations, the two impacts are
positive, verifying the efficient-market hypothesis. In the several situations with a positive market
impact and a negative WTI impact, the market coefficient (βi) is higher than 1, accordingly, the WTI
impact has a compensatory influence. Eventually, while evaluating the fourth model, which contains
the shock impacts of intense changes in oil prices, the impact on the market is broadly the same as for
the main model.

The considerable changes in oil prices decrease with a higher percentage in the monthly and also
annual models; however, in the daily surveys, the oil is comparatively equivalent to the first model.
In monthly and annual surveys, it is certainly not easy to determine whether the impact is positive
or negative because the result is not apparent. In the monthly evaluation, 89% and 91% positive
market impact on the petroleum companies’ stock return is noteworthy, which represents an extensive
expository strength. The outcomes are accessible in Tables 10 and 11.

Table 10. The outcomes of Model 4.

Stock
Symbol βi γi γA

i
Stock

Symbol βi γi γA
i

XOM 0.3672 0.0808 0.0089 SWN 0.3285 0.0311 0.0193
EGY 0.4525 0.0705 0.0271 HES 1.6011 0.2446 0.0072
WLL 0.2214 0.1226 0.0415 RRC 0.3587 0.0862 0.2204
WPX 0.8351 0.1512 0.0200 LNGG 0.3401 0.0551 0.0797
REXX 0.5302 0.0572 0.0588 PXD 0.3305 0.0068 0.0726
NBL 0.0588 0.0075 0.0271 MUR 0.2438 0.0288 0.0401
LPI 0.6105 0.0798 0.0814 NFX 0.1302 0.0982 0.0253

OXY 0.6347 0.0057 0.1105 CXO 0.1489 0.0902 0.0221
COP 0.1223 0.0871 0.0187 OAS 0.0452 0.0471 0.0312
CLR 1.3102 0.1686 0.0862 MRO 1.3123 0.0204 0.0805
DNR 0.1514 0.0204 0.0063 SD 0.1625 0.1688 0.0301
DVN 0.5813 0.1811 0.0802 SM 1.5810 0.1317 0.0798
EGN 1.4205 0.0875 0.0721 CHK 0.4568 0.0886 0.0412
EOG 0.8500 0.2140 0.0214 CVX 0.3891 0.1112 0.0672
EQT 0.0514 0.0411 0.0301 XEC 0.3468 0.0712 0.0310

Table 11. Significance of market and petroleum effects based on fourth model.

Market Petroleum Petroleum Artificial

S P N S P N S P N

PPBAR
Daily 85% 85% 0% 48% 33% 13% 11% 7% 4%

Monthly 72% 72% 0% 10% 2% 9% 14% 11% 4%
Yearly 70% 70% 0% 10% 2% 9% 14% 11% 4%

PPAAR
Daily 88% 88% 0% 48% 33% 13% 11% 7% 4%

Monthly 68% 68% 0% 10% 2% 9% 11% 9% 3%
Yearly 65% 65% 0% 10% 2% 9% 11% 9% 3%

In the daily evaluation, nearly all cases have a severe impact and price change impact that go far
beyond normal oil price fluctuations. In the majority of instances of severe impacts, the coefficient
is unlike the oil price coefficient, suggesting an inverse effect for the instances of severe changes.
Universally for all models, the petroleum companies’ stocks have a market impact showing a tendency
to coordinate with the market, and the identical impact can be obtained about the oil price fluctuations.
These findings are remarkable and tangible because the market impacts are typical impacts to describe
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stock returns. The oil price oscillations include a description of what is left inexplicable by the market
return, demonstrating the significance of oil price change tendencies in petroleum companies’ stock
returns. In most cases, the oil impact is positive and reinforces the efficient-market hypothesis.

6. Conclusions and Investment Policy

The commodity of crude oil is certainly the world’s most vital energy source. Hence the oil
price performs a significant role in industrial and economic improvement and it can affect financial
markets, especially the stock exchange. This study has attempted to examine the effect of crude oil
price variations after the AR on stock yields of petroleum companies listed on U.S. stock exchanges,
utilizing Daily/Monthly/Yearly information overlaying the years from 2008 to 2018.

Asphaltene and its striking problems are serious concerns in the oil industry. It generates losses in
productivity and rises in operational costs. The high viscosity of heavy oil causes a rise in recovery
and transportation costs.

In the daily levels, the upgrading of heavy oil with the method of the AR has a positive impact
on about 31% of the petroleum companies, and this figure for the monthly levels is close to 47%.
The annual results are remarkable: around 69% of petroleum companies are affected by oil price
fluctuations after heavy oil upgrading. Asphaltene is a known trouble that happens during production
operations in the petroleum industry and generates a substantial cost.

By our outcomes, we mentioned that when oil price variations after the AR had a direct positive
impact on stock yields of the companies an indirect nexus also existed between oil price fluctuations
after the AR and stock yields, and it was transferred via the market yields. Nevertheless, the indirect
effect of oil price fluctuations after the AR on company’s yields was greater than its direct impact. We
also mentioned the existence of an indirect impact of oil yields and company’s stock yields via the
stock exchange. The outcomes obtained recommend that fluctuations in the oil price after the AR
enhance stock yields.

These outcomes are momentous for traders in the stock market and futures exchange and
commodity markets. In this investigation, we found that changes in crude oil prices following AR
influence the stock yields of petroleum companies. This influence is fundamentally positive.

The information obtained confirmed the prospect of AR: When applied, the asset prices boost along
with the market paradigm that boosts the petroleum price are indications of financial advancement
and will improve the financial markets.

Considering these outcomes, an investment strategy should be applied to remove asphaltenes
from petroleum. These outcomes also suggest that it is essential to evaluate the impacts of the AR
in various sectors of the petroleum industry. These discoveries support the AR and authenticate the
paradigm which is an indication of economic and financial growth in financial markets, especially
stock exchange.

Crude oil price fluctuations have significant impacts on the financial statements of oil companies.
Especially, companies with higher financial leverage deal with price risks more widely. Oil companies,
oil traders and dealers hedge their activities with energy derivatives which employ financial contract
tools that originate their value from the base commodity, particularly crude oil. Given this, the current
study proposes the new investment policies in the petroleum industry to increase the revenue and
decrease the costs and improve the financial statements of petroleum companies. These investment
policies are summarized as follows:

• Invest in modern design systems and methods to remove asphaltene from crude oil.
• Invest in manufacturing and purchase of new devices to reduce the costs of the AR process.
• Invest in new approaches to control and manage the time of the AR process given the production

levels and demand for oil to arrive at the best import–export balance by boosting oil reserves
and production.

• Applying structured financing methods in oil-related project finance including heavy oil upgrading.



Economies 2019, 7, 71 13 of 17

• Industrial and commercial banks and similar financial institutions can operate as the issuer of
securities for oil project loans that admitted to exchanging on an official market. These types of
banks or institutions could analyze the different methods of project financing. In this process,
insurance companies could rank these projects by the risk evaluation and finally, cover all-risk
during all steps of oil-related projects.

• Insurance companies could manage the project finance risk by credit insurance. The credit
insurance is being implemented in three kinds: (1) trade credit insurance, (2) payment protection
insurance, (3) credit derivative.

• The government could issue special bonds to the petroleum companies. This type of bond is an
innovative form which is transferable and would not affect the liquidity condition in the market.
The bond market provides opportunities for corporations to secure money to finance projects
or investments

• Securitization can perform a key task in oil projects finance via economical and low-cost financing
through the financial markets.

These strategies can generate opportunities for the progress and development of oil companies
and provide profitable approaches for traders and investors who focus on investment activities in
the financial markets for their portfolio construction, hedging and risk management and, ultimately,
international investing in crude oil swaps or oil futures contracts on the commodities and futures
market. The development of these markets should be accompanied by the improvement of the market
infrastructure. The obtained theoretical progress can be the basis literature for future research and
some of the issues raised in this investigation can be explored profoundly.
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PPBAR Petroleum price before asphaltene removal
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WTI West Texas Intermediate
IEA International Energy Agency
CAPM Capital Asset Pricing Model
U.S. EIA The United States Energy Information Administration
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ARDL Autoregressive Distributed Lag
VAR Vector Autoregressive
VECM Vector Error Correction Models
ARCH Autoregressive Conditional Heteroscedasticity
ARIMA Autoregressive Integrated Moving Average
ANN Artificial Neural Network
FNN Fuzzy Neural Networks
SVR Support Vector Regression
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