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This work explores the relationship between the price of crude oil and its

production through an empirical study on the regions of theOrganization of the

Petroleum Exporting Countries (OPEC) and non-Organization of the Petroleum

Exporting Countries (non-OPEC). The crude oil price has recently been

fluctuating greatly that it cannot be predicted; this fluctuation causes

changes in the prices of raw materials for everyday life, thus affecting the

economy worldwide. To better understand the factors that affect the crude oil

price, this study gathered monthly oil production by OPEC and non-OPEC

members, which are divided into the regions of Europe, America, and Asia

according to the U.S. Energy Information Administration (2015). Data on the

West Texas Intermediate (WTI), Brent, and Dubai oil prices in the period from

January 1995 to November 2015 were also gathered and subjected to

unbalanced panel random effect regression to investigate the relationship

between crude oil price and oil production and to determine whether the

oil production by these countries have a significant effect on the fluctuation of

crude oil price. This study explored the relationship between production and

price, specifically that of crude oil. Hence, it investigated whether and how the

changes in monthly crude oil production by OPEC and non-OPEC members in

Europe, America, and Asia have affected the changes in three major crude oil

prices, namely, WTI, Brent, and Dubai, in the following terms.
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1 Introduction

Eva (2007) mentioned that crude oil is closely associated with everyday life, where

crude oil price changes affect the economy, stock price, and development worldwide. In

the first half of 2008, when crude oil prices continued rocketing to US $147 per barrel, the

prices of household staples rose with it, which indirectly demonstrated that crude oil is
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one of the raw materials that is indispensable to life. However,

fluctuating crude oil price is considered by many analysts as the

most difficult-to-predict future. There are no limits to the

increase or decrease in oil price as illustrated by its plunge

from US $147 per barrel to US $39 per barrel at the end of

2008. Because oil price fluctuates in a range much larger than

other raw materials and futures, more care and caution should be

taken in dealing with the crude oil price issue. Similar to items

that are staples to life, the price of crude oil changes in such a way

as to affect the total economy of a nation, particularly a

developing industrial one, because any such nation has a huge

demand for crude oil. Oil is referred to as the blood of industries

and is viewed as the power for the economy and living. That

statement delineates the importance of oil to society. With such

significance being a staple, the oil price is particularly important.

A review of history can easily reveal various oil crises. Fabian

(2010) mentioned the first oil crisis, which happened on

17 October 1973. It was a battle referred to as the “Yom

Kippur War” in which the then OPEC members announced

that they would decrease monthly oil production by 5% to set

back Israel and the nations that supported it. The oil embargo

and production cut affected the United States, Japan, and many

European countries. The embargo lasted five months, and due to

a production cut, the oil price increased from US $2.59 per barrel

in September 1973 to US $13.43 in January 1974, representing a

418.533% increase. James (2011) reported the first crude oil price

effect that occurred in 1862–1864, during the American Civil

War, which disrupted the supply of crude oil from South

America to the oil market in the United States, causing crude

oil prices to rise. Later in 1890, crude oil production reported in

Pennsylvania and New York was five times as much as that in

1870, and as such, the crude oil price dropped to US $0.56 per

barrel in 1892. The author also mentioned the war that Syria and

Egypt raised against Israel in 1973 resulted in the Arabic

members of OPEC deciding on an oil embargo policy to

impede Israel and its supporters by reducing crude oil

production by about 4.4 million barrels daily. These events

demonstrate how important production is to price and the

relationship between the two.

Horn (2004) reported that from January 199 to January

2000, when OPEC members decreased crude oil production,

the increase of the same by non-OPEC nations was still not

enough to satisfy the demand for world consumption, and as

a result, oil price went up from US $10 to US $30 per barrel.

Their high status in the market for crude oil and production

accounting for 28% of the world’s production, the OPEC is

powerful enough to monopolize the market and control the

oil price within a predefined range. OPEC decided at the

Vienna meeting on 27 November 2014 not to cut back

production but to maintain the limit to daily production at

30 million barrels. That decision triggered an oil price

collapse in the crude oil market in favor of buyers. Brent,

for example, plunged by 6% to a record low over the last four

years. These events revealed a close relation between crude oil

production and its price.

According to Energy Information Administration (2016),

OPEC believed that crude oil production was an important

factor affecting oil prices, and thus it controlled its member

states’ production under a predefined production target. In fact,

in the historic view, oil prices increased when oil-exporting

countries had a lower oil production goal, which implies an

interaction between crude oil production and oil price.

Furthermore, Gui-Feng (2016) stated that oil price is

particularly important to Taiwan, an exporter of

petrochemical industries. If the oil price drops by US

$1 during the transportation of crude oil, it means a US

$1 loss to Taiwan. As such, the issue and information on oil

price are crucial to Taiwan. Therefore, this study explores the

relationship between crude oil production and the major crude

oil prices, specifically in three directions for research as follows:

1. To explore the relationship between crude oil production by

OPEC and non-OPEC nations and the major crude oil prices

and determine from the empirical results whether OPEC or

non-OPEC that affected the major crude oil prices, namely,

WTI, Dubai, and Brent.

2. To further probe the empirical results of objective 1 and

determine how the crude oil production by European,

American, and Asian countries who are either OPEC or

non-OPEC members affected the major crude oil prices.

3. Following the empirical results of objective 2, to further

investigate how the crude oil production by each OPEC or

non-OPECmember in Europe, America, and Asia affected the

major crude oil prices.

If the investigation of the effect of OPEC or non-OPEC oil

production on WTI, Brent, and Dubai oil prices, and the further

analysis of whether the crude oil production by each organization

in each continent had a significant effect on the major crude oil

prices and that by each organization member in each continent

on the major crude oil prices, are successful, the empirical results

can serve as an important reference information in the future

trends and changes of the major crude oil prices for relevant

parties.

2 Relationship between production
and oil price

Ronald and Joaquin (2015) explored the effect of crude oil

production by OPEC and non-OPEC countries on global oil

prices and economies by employing the SVAR model and

gathering data on the crude oil production by OPEC and

non-OPEC countries from 1974 Q1 to 2012 Q4 and the

corresponding oil prices from 1974 Q1 to 2014 Q4 to

investigate whether OPEC countries’ crude oil production had
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a material effect on crude oil price. They also investigated

whether the oil production of non-OPEC countries would

have changed the OPEC’s oil production and in turn affected

crude oil price. The results of their study showed that from

1974 Q1 to 1996 Q4, the growth of OPEC production of crude oil

was proportional to the behavior of crude oil price. Therefore,

they reasoned that crude oil prices rose from US $14 in 1978 to

US $35 in 1981 as Iran, an OPEC member, decreased oil

production each day by 2–2.5 million barrels because of a

coup d’état from 1978 to 1979 and the war erupted between

Iran and Iraq in 1980 which cut back production and export of

crude oil.

Then, in March 2000, OPEC decided to increase crude oil

production to keep oil prices steady between US $22–28 per

barrel. As to the details of the increase in production, Ronald and

Joaquin (2015) mentioned that OPEC would increase the

production of crude oil to double the amount of demand and

that with massive resources of crude oil, OPECmight agree for its

member nations to double their production, effective until 2020.

According to the Energy Information Administration (EIA),

from 2000 to 2020, OPEC oil production increased from

31 million barrels to 59 million barrels daily.

Jochen (2014) stated that in 2011, OPEC held 81.0% of the

proven oil reserves and 42.8% of the world’s oil reserves. Hence, it

was likely that OPEC adopted different policies in response to the

increase in oil demand to maintain crude oil prices. Given that

floating oil supply and floating oil demand may have different

effects on the crude oil market, Gunter used the VAR model to

explore how the floating supply and demand for crude oil

affected the market in the short term. The empirical results

suggested that floating demands could be caused by

opportunistic needs, while opportunistic needs and crude oil

reserves could change the global market for crude oil. If there

were excessive opportunistic needs or reserves, the oil-producing

countries would reduce oil production to avoid overproduction,

compromising the stability of crude oil prices in the short term.

Production surplus also affects oil price. Michael et al. (2006)

studied the short-term relationship between crude oil price and

production surplus using a relative stock model. They used data

from IEA for a period from 1988 to 2006. With the relative stock

model, they incorporated the variable of crude oil production

surplus in the existing model of monthly oil price. In addition,

they strengthened the credibility and accuracy of the short-term

oil price model by using OPEC’s production surplus. The results

showed that the variable of production surplus had significant

and negative effects on WTI price and that the effects of the

variable of production were significant to the crude oil price.

Furthermore, they believed that if future production could be

predicted, it could affect the current oil price.

Michael et al. (2009) used 3D images to investigate the effects

of OPEC overproduction and its oil reserves on the market for

crude oil and oil prices. They used short-term models to predict

crude oil prices and increase the monthly average oil price

accuracy. According to the literature, OPEC’s behavior and

decisions have profoundly affected how the entire crude oil

market changed and its price for the past three decades. For

example, when OPEC changed crude oil prices, it had a severe

effect on the global market for crude oil. Ye et al. used three

research variables, namely, stock, production surplus, and

accumulated overproduction and explored the relationship

between crude oil in stock and short-term oil prices because

crude oil stock amount could strike a balance between supply and

demand, stabilizing oil prices. They also investigated the effect of

oil production surplus on the oil market. Many economic studies

consider overproduction as having a certain effect on the

commodity market, whereby overproduction makes it possible

to reallocate crude oil production in the short term. As such, both

theories and empirical research demonstrated that

overproduction is among the important factors in analyzing

or exploring the oil industry. Empirical results also showed

that stock amount had a significant negative effect on crude

oil prices, and that when the idle stock was lower, the oil price was

higher.

Jan (2007) showed that in the relationship between oil price

and oil-producing countries, the main oil-producing regions

were commonly defined as main markets for crude oil, such

as Middle East, South China Sea, and South America, because

these areas of production would generally be an important basis

for the current crude oil prices in the neighboring countries.

Therefore, Bentzen also analyzed OPEC’s oil price, WTI prices

and Brent prices using cointegration and the vector error

correction model (VECM) to investigate whether OPEC

strategies, including crude oil production and oil price, affect

the spot price of the other major crude oil prices. The results

demonstrated that OPEC’s influence on the world’s spot oil price

was beginning to become stronger, so that its spot price would

affect the other two major crude oil prices in a way that the

standards set by Brent and WTI became lower.

Most prior studies have focused on OPEC’s contribution and

influence on the global market for crude oil; nevertheless, non-

OPEC members have begun to gain more share in the oil market

and have a more significant influence. Harri (2002) alluded that

the market share of non-OPEC production of crude oil and

OPEC’s influence was significant, showing from data analysis

that OPEC has had a 55% share of the overall world’s oil market

since 1973. However, its share dropped to 42.7% in 1997, with

crude oil export seriously impinging revenue. Harri (2002)

mentioned that the amount of crude oil produced was

reflected in oil prices. Thus, the economic condition of oil-

producing countries significantly affected crude oil prices.

Regarding the future market shares of OPEC and non-OPEC

members, both consisted of many oil-producing countries for

crude oil that played a role in its price stability. The signs could be

found from the previously stated significant influences.

The aforementioned literature reveals the importance and

influence of crude oil production on oil price. However, the
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documents were records of research by individuals or cases,

lacking holistic and systematic discussions. In contrast, this study

will analyze the relationship between all the world’s crude oil

production and prices in three strata. We will begin by

investigating whether OPEC and non-OPEC members

influence Dubai, Brent, and WTI prices. We will then explore

the relationship between OPEC and non-OPEC members

individually, in Europe, America, and Asia, which have the

three major oil prices. Finally, we will probe whether OPEC

or non-OPEC members in Europe, America, and Asia influence

the major oil prices.

3 Research method

This study has an object of exploration, which is the

relationship between OPEC and non-OPEC members’ oil

production and the major crude oil prices. First, the empirical

results show whether OPEC or non-OPEC members influence

the WTI, Brent, and Dubai prices. Then, following the empirical

results of the preceding objective, we further explore how OPEC

or non-OPEC members in Europe, America, and Asia affect the

major oil prices. Finally, following the empirical results of the

second objective, we investigate the oil production by individual

members of OPEC or non-OPEC members in individual

continents (America, Europe, and Asia) on the major oil prices.

Data gathering and sorting are challenging, and identifying

the appropriate models for supporting the research objectives in

the model design is important. This section first explains the

objects and period of research and then delineates the

characteristics of the variables and the empirical model by

which the investigation is conducted.

3.1 Subjects and period of research

This study explores the relationship between the price of

crude oil and its production by conducting an empirical analysis

of OPEC and non-OPEC data because groups of crude oil

production are presently divided into OPEC and non-OPEC.

The objects of this study are 108 crude oil-producing nations that

are either OPEC or non-OPEC members, which, with reference

made to EIA-published regions (2016) (International Energy

Statistics, 2016), are divided into Asia, Europe, and America.

In Asia, the six OPEC members are Iran, Iraq, Kuwait, Qatar,

Saudi Arabia, and the United Arab Emirates and 25 non-OPEC

members are China, Oman, Yemen, Bangladesh, Brunei,

Myanmar, Cambodia, Hong Kong, India, Japan, South Korea,

Mongolia, New Zealand, Pakistan, Papua New Guinea, the

Philippines, Singapore, Taiwan, Thailand, East Timor,

Indonesia, Vietnam, Bahrain, Israel, and Syria. In Europe, the

four OPEC members are Algeria, Angola, Libya, and Nigeria and

52 non-OPEC members are Egypt, Norway, Russia, the

United Kingdom, Australia, Malaysia, Gabon, Albania,

Austria, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark,

Finland, France, Germany, offshore Germany, Greece, Hungary,

Italy, the Netherlands, the Netherlands offshore, Poland,

Portugal, Romania, Spain, Turkey, Cameroon, Chad, Congo

(Brazzaville), Congo (Kinshasa), Ivory Coast, Guinea, Ghana,

Malawi, Morocco, South Africa, Sudan and South Sudan,

Tunisia, Zimbabwe, Ukraine, Belarus, Estonia, Georgia,

Lithuania, Azerbaijan, Kazakhstan, Tajikistan, Turkmenistan,

and Uzbekistan. In the Americas, the two OPEC members are

Ecuador and Venezuela, and the 20 non-OPEC members are

Canada, Mexico, the United States, Chile, Brazil, Argentina,

Colombia, Barbados, Belize, Bolivia, Costa Rica, Cuba, El

Salvador, Guatemala, Jamaica, Nicaragua, Paraguay, Peru,

Suriname, and Trinidad and Tobago. In addition to the above

108 members, there are also 13 OPEC members in Europe:

Ireland, Slovenia, Belgium, Ethiopia, Switzerland, Latvia,

Serbia, Former Serbia, Kyrgyzstan, Benin, Sweden, Slovakia,

and Mauritania and a non-OPEC member in the Americas,

Uruguay. These 13 members are excluded from our empirical

analysis because of scarce oil production and collinearity with

other members.

Among the total oil production by the previously listed

countries, OPEC members account for 41% and the non-

OPEC members account for 59%, as shown in Figure 1.

Regarding the proportions of OPEC oil production by the

continent, Figure 2 shows that OPEC members in Asia

produce the most crude oil, accounting for 69% of the

organization’s total production, followed by Europe,

accounting for 21%, and the Americas, accounting for the

remaining 10%. In the comparison in Figure 1, OPEC

members in Asia have a proportion of production larger

than the other two continents, probably because Asian

members are the majority. From an overall perspective,

12 OPEC members account for 41% of the world’s oil

FIGURE 1
1995–2015 proportions of crude oil production by OPEC and
non-OPEC.
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production, which might support why most researchers and

documents explored OPEC’s influence on world oil prices.

Likewise, to systematically understand the distribution of

non-OPEC total production, we divide its members into

three continents. As shown in Figure 2, Asia accounts for

17% of the total crude oil production, America accounts for

39%, and Europe accounts for 44%. Among non-OPEC

members, those in Europe outnumber those in Asia and

America, which may be one of the factors contributing to

Europe accounting for the greatest portion of crude oil

production by non-OPEC.

This study considers three major crude oil prices, namely,

Brent, WTI, and Dubai oil prices, representing Europe,

America, and Asia, respectively, and the regions purposely

divided. Hence, the findings of this study on the production

and price of crude oil are adequately represented in

illustrating the relationship between the oil production by

OPEC or non-OPEC members in different continents and the

major crude oil prices in a holistic and systematic analysis.

The research period is from 1994 to 2015, but with the panel

data empirical analysis fed with varied data, this study looks at

a period from 1995 to 2015, which is 21 years, and every year is

a complete year. The period is sufficiently long to observe the

relationship between production and the price of crude oil.

3.2 Variables

This research collected the monthly crude oil production

data of 108 members of OPEC and non-OPEC crude oil-

producing countries from EIA and the monthly crude oil

prices of West Texas, Dubai, and Brent crude oil from

AREMOS. The research period is from January 1995 to

November 2015.

3.2.1 Dependent variables
Dependent variables used were WTI, Brent, and Dubai

prices. The variation of these prices by one term is used as

expressed in Eq. (3.1).

Oil PriceDi,t � Oil Pricei,t − Oil Pricei,t−1 (3.1)

Eq. 3.1 represents the variation of the major oil prices, where

Oil PriceDi,t is the variation of oil price in region i (WTI, Brent,

and Dubai) in the tmonth, Oil Pricei,t is the oil price in region i

in term t, and Oil Pricei, t−1 is the oil price in region i in term

t − 1.

3.2.2 Independent variables
Independent variables include oil production by the

108 OPEC and non-OPEC members who are crude oil

FIGURE 2
1995–2015 proportions of crude oil production by continents in OPEC and non-OPEC.
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producers in Europe, America, and Asia. They are also in the

form of production variation as expressed in Eqs 3.2–3.5.

OPEC StatesDi � OPEC Statesi,t − OPEC Statesi,t−1 (3.2)

Eq. 3.2 represents the variation in oil production by OPEC

members in Europe, America, and Asia, where OPEC StatesDi

is the variation in oil production by OPEC members in Statesi,

OPEC Statesi,t is the oil production by OPEC members in

Statesi in month t, and OPEC Statesi,t−1 is the oil production

by OPEC members in continent i in month t − 1.

Non OPEC StatesDi � Non OPEC Statesi,t

−Non OPEC Statesi,t−1 (3.3)

Eq. 3.3 represents the variation in oil production by non-

OPEC members in Europe, America, and Asia, where

NonOPEC StatesDi is the variation in oil production by

non-OPEC members in continent Statesi, NonOPEC Statesi,t
is oil production by non-OPEC members in continent Statesi in

month t, and NonOPEC Statesi,t−1 is oil production by

NonOPEC members in continent Statesi in month t − 1.

OPEC Statesi MembersjDt � OPEC Statesi Membersj,t

− OPEC Statesi Membersj,t−1
(3.4)

Eq. 3.4 represents the variation in oil production by OPEC

members in Europe, America, and Asia, where

OPEC Statesi MembersjDt is the variation in oil production

by OPEC Membersj in continent Statesi in month t,

OPEC Statesi Membersj,t is oil production by OPEC

Membersj in continent Statesi in month t, and

OPEC Statesi Membersj,t−1 is oil production by OPEC

Membersj in continent Statesi in month t − 1.

NonOPEC States MemDi,j,t � NonOPEC Statesi Membersj,t

−NonOPEC Statesi Membersj,t−1
(3.5)

Eq. 3.5 represents the variation in oil production by non-

OPEC members in Europe, America, and Asia, where

NonOPEC Statesi MembersjDt is the variation in oil

production by non-OPEC Membersj in continent Statesi in

month t, NonOPEC Statesi MembersjDt is oil production by

non-OPEC Membersj in continent Statesi in month t, and

NonOPEC Statesi MembersjDt−1 is oil production by non-

OPEC Membersj in continent Statesi in month t − 1.

3.3 Empirical model

Regarding crude oil price, Kaddour (2000) used panel data

of ordinary least squares regression (OLS) to investigate

OECD states, including Latin America, Central Europe,

Eastern Europe, Africa, Middle East, and Asia and the

world’s reliance on NGL crude oil production for their

demands for oil. In the relationship between crude oil

production and price, the current oil production does not

necessarily instantly affect the same period’s oil price. To

embody how oil production affects oil price more accurately,

this study uses the variations of oil production of current

periods corresponding to oil price variations of the periods

that immediately follow to indicate the relationship between

oil production and oil price. We follow the past research trend

and employ Eq. 3.6 to explore the relationship between the

variations in OPEC and non-OPEC oil production and the

following period in major crude oil prices. Our empirical

findings indicate how OPEC or non-OPEC affects the WTI,

Brent, and Dubai prices. Following the empirical results with

Eq. 3.6, we design Eqs 3.7, 3.8 specifically for the significance

of the influence of the variation in the oil production by OPEC

or non-OPEC members in different continents on the

variations in major oil prices of the following period. With

the results achieved with empirical Eqs 3.7, 3.8, we further

explore how the variation in oil production by the member

nations in different continents affects the variation in major

oil prices of the following period and thus design Eqs 3.9, 3.10.

In this study, the variations in WTI, Brent, and Dubai prices in

the following period are used as dependent variables, and the

variation in OPEC and non-OPEC countries total oil

production and the variation in oil production by OPEC

and non-OPEC members in different continents as

independent variables.

Oil PriceDi,t+1 � α0 + β1 ∑
n�1

i�1
OPECDt+β2 ∑

n�1

i�1
NonOPECDt + εi,t

(3.6)
Model (3.6) shows whether OPEC or non-OPEC has a

significant influence on the variation in major oil prices of the

following period, where Oil PriceDi,t+1 is the variation in the oil

price of area i (WTI, Brent, or Dubai) in the following period

(t + 1), OPECDt is the variation in OPEC oil production in

period t, NonOPECDt is the variation in non-OPEC oil

production in period t, β1 and β2 are coefficients of all

independent variables, and ε is the error term.

Oil PriceDi,t+1 � α0 + β1 ∑
n�1

i�1
OPECD StatesDi,t + εi,t (3.7)

With the results of empirical model Eq. 3.6 in place, if the

variation in OPEC oil production has a significant influence

on the variation in major oil prices of the following period,Eq. 3.7

will be used to investigate how the variations in oil production by

OPECmembers in Europe, America, and Asia affect the variation

in major oil prices of the following period. In the model,

Oil PriceDi,t+1 is the variation in oil price in area i (WTI,

Brent, or Dubai) of the following period (t + 1),
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OPECD StatesDi,t is the variation in oil production by OPEC

members in continent Statesi (Europe, America, and Asia) in

period t, β1 is the coefficient of all independent variables, and ε is

the error term.

Oil PriceDi,t+1 � α0 + β1 ∑
n�1

i�1
NonOPECD StatesDi,t + εi,t

(3.8)
Following the results of empirical model Eq. 3.6, if the

variation in non-OPEC oil production has a significant

influence on the variation in major oil prices of the

following period, we will use Eq. 3.8 to investigate how the

variation in oil production by non-OPEC countries in Europe,

America, and Asia affects the variation in major oil prices of

the following period. In the model, Oil PriceDi,t+1 is the

variation in the oil price of area i (WTI, Brent, and Dubai)

in the following period (t + 1), NonOPECD StatesDi,t is the

variation in oil production by non-OPEC in continent Statesi
(Europe, America, or Asia) in period t, β1 is the coefficient of

all independent variables, and ε is the error term.

Oil PriceDi,t+1 � α0 + β1OPEC Statesi MembersjDt + εi,j,t

(3.9)
Following the results of empirical model Eq. 3.7, if the

variation in oil production by OPEC in Europe, America, and

Asia has a significant influence on the variation in major oil

prices of the following period, we use Eq. 3.9 to investigate

how the variation in oil production by member states in each

continent affects the variation in major oil prices of the

following period. In the model, Oil PriceDi,t+1 is the

variation in the oil price of area i (WTI, Brent, and Dubai)

of the following period (t + 1), OPEC Statesi MembersjDt is

the variation in oil production by OPEC member Membersj
in continent Statesi in period t, β1 is the coefficient of all

independent variables, and ε is the error term.

Oil PriceDi,t+1 � α0 + β1Non OPEC Statesi MembersjDt + εi,j,t

(3.10)

Following the results of empirical model Eq. 3.8, if the

variation in oil production by non-OPEC members in Europe,

America, or Asia has a significant influence on the variation in

major oil prices of the following period, then we apply Eq. 3.10 to

investigate how the variation in oil production by the member

states in each continent affects the variation in major oil prices of

the following period. In the model, Oil PriceDi,t+1 is the

variation in the oil price of area i (WTI, Brent, and Dubai) of

the following period (t + 1),NonOPEC Statesi MembersjDt is

the variation in oil production by non-OPECmemberMembersj
in continent Statesi in period t, β1 is the coefficient of all

independent variables, and ε is the error term.

4 Empirical analysis

The research period is from January 1995 to November 2015,

which spans 21 years, long enough to observe the relationship

between crude oil price and oil production. Subjects of the

research include multiple OPEC members, six in Asia, four in

Europe, and two in America, and many non-OPEC members,

23 in Asia, 53 in Europe, and 20 in America. The data are of a

certain scale longitudinally and otherwise. They are put to stepwise

regression on Stata11 as follows: 1) test with Eq. 3.6 as to assess

which ofOPEC and non-OPEChad variations in oil production that

affected the WTI, Brent, and Dubai prices of the following period

significantly; 2) based on the empirical result of (1), investigate, with

Eqs 3.7, 3.8, if the variation in oil production by OPEC or non-

OPECmembers in America, Europe, or Asia had a significant effect

on the WTI, Brent, and Dubai prices of the following period; 3)

based on the empirical result of (2), further investigate with Eqs. 3.9,

3.10, whether any members of OPEC or non-OPEC in any

continent had a significant influence on the variation in the

WTI, Brent, and Dubai prices of the following period.

4.1 Collinearity of data

This section addresses the issue of collinearity of data.

According to Donald and Pamela (2003), the critical value for

collinearity of independent variables is 0.8. Rajdeep et al. (2004)

believed that the maximum value for collinearity is 0.95. In this

study, a more rigorous standard, 0.8, is used to determine the

collinearity of independent variables.

In this study, collinearity was measured using Stata11 on the

independent variables of the overall data, which were the

variations in oil production by OPEC and non-OPEC

members in Europe, America, and Asia. The results of the

TABLE 1 Collinearity of data.

OAD OED OUD NAD NED NUD

OAD 1

OED −0.0032 1

OUD −0.0000 −0.0001 1

NAD 0.0749 −0.0022 0.0000 1

NED −0.0009 0.0648 0.0000 −0.0006 1

NUD −0.0027 −0.0044 −0.0844 −0.0018 −0.0013 1

1Note: OAD represents the variation in oil production by OPECmembers in Asia; OED

represents the variation in oil production by OPEC members in Europe; OUD

represents the variation in oil production by OPEC members in America; NAD

represents the variation in oil production by non-OPEC members in Asia; NED

represents the variation in oil production by non-OPEC members in Europe; and NUD

represents the variation in oil production by non-OPEC members in America.
2The period is from January 1995 to November 2015.
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measurement show that the issue of collinearity between the

independent variables of the OPEC and non-OPEC in different

continents (Europe, America, or Asia) does not exist because the

collinearity was found to be 0.0749 at its maximum, which was

less than the standard of 0.8; hence, there was no issue of

collinearity between independent variables as shown in

Table 1. Furthermore, in exploring whether there was any

collinearity between independent variables of OPEC and non-

OPEC members in different continents, we conducted a

collinearity test on all 108 member states. The test results

indicated that none exceeded the 108 independent variables;

therefore, collinearity did not exist between oil productions by

the members.

4.2 Empirical results

One of the objectives of this study is to explore the

relationship between the variations in oil production by OPEC

and non-OPEC countries and the variations in major oil prices of

the following period. Suppose the empirical results demonstrated

that OPEC or non-OPEC affected the variations in WTI, Brent,

or Dubai prices of the following period, in that case, this study

will further investigate how OPEC or non-OPEC members in

Europe, America, or Asia significantly affected the variations in

major oil prices of the following period. Suppose that the results

revealed any significant influence of OPEC or non-OPEC

members in Asia, Europe, or America on the variations in

WTI, Brent, and Dubai prices, in that case, this study will

substitute the members in the empirical test into stepwise

regression, which were 12 OPEC members, four in Europe,

two in America, and six in Asia, and 96 non-OPEC members,

53 in Europe, 20 in America, and 23 in Asia. The objective is to

observe what members significantly influenced the variation of

any of the WTI, Brent, and Dubai prices of the following period.

In this study, Stata11 was used to test all the data, including

the variation in OPEC and non-OPEC oil production

corresponding to the variation in WTI, Brent, and Dubai

prices of the following period, which equals P, to determine a

fixed effect or a random effect to be adopted. The results showed

that P for the variation in WTI price of the following period was

0.9557, that for variation in Brent price was 0.9878, and that for

variation in Dubai price was 0.9882. Since none of those Ps was

obvious, we turn to random effect by empirical rules to test the

objectives of this study.

4.2.1 Objective 1
For objective (1), empirical model Eq. 3.6 was used to

investigate how the variation in OPEC or non-OPEC oil

production affected the major oil prices of the following

period. The empirical result is shown in Table 2. The table

reveals that OPEC affected more significantly the variation in

Dubai price in the following period. Meanwhile, neither the

variation in OPEC oil production nor that in non-OPEC had

a significant effect on the variation in WTI or Brent prices of the

following period.

Figure 1 shows that the OPEC oil production from Asia is

larger than non-OPEC oil production from Asia, and thus, it has

a more significant influence on Dubai price, a reference standard

for the crude oil price in Asia. Moreover, OPEC has positive and

significant influence on the variation in Dubai price of the

following period, that is, when OPEC oil production varies in

an increasing trend, the Dubai price of the following period also

increases.

TABLE 2 Relationship between OPEC and non-OPEC countries and
variations in major oil prices of the following period.

WTIDt+1 DubaiDt+1 BrentDt+1

OPECD −0.0029 (0.0041) 0.00085*** (000029) −0.00034 (0.00042)

Non-OPECD 0.00001 (0.00049) 0.000007 (0.0003) −0.00075 (0.00050)

R-square 0.0006 0.0061 0.0038

Observations 252 252 252

The bold values indicates that the number exists significant levels as the note on the

table.
1Note:WTIDt+1 represents the variation inWTI price of the following period; BrentDt+1

represents the variation in Brent price of the following period; DubaiDt+1 represents the

variation in Dubai price of the following period; OPECD is the variation in OPEC oil

production; and non-OPECD is the variation in non-OPEC oil production.
2Same as Table 1.
3*, **, and *** represent 10%, 5%, and 1% significance levels, respectively.

TABLE 3 Relationship between the variations in OPEC and non-OPEC
oil productions in different continents and the variations in major
oil prices of the following period.

WTIDt+1 DubaiDt+1 BrentDt+1

OAD 0.000005 0.00111*** −0.000008

(0.00047) (0.00044) (0.00048)

OED −0.00006 −0.00003 0.00226

(0.00376) (0.00355) (0.00384)

OUD −0.00228** −0.000001 (0.00110) -0.000001

(0.00117) (0.00119)

NAD –0.00001 0.000002

(0.00247) (0.00252)

NED 0.000006 −0.00138**

(0.00067) (0.00068)

R-square 0.0051 0.008 0.0056

Observation 252 252 252

The bold value indicates that the number exists significant levels as the note on the table.
1Note:WTIDt+1 represents the variation inWTI price of the following period; BrentDt+1

represents the variation in Brent price of the following period; DubaiDt+1 represents the

variation in Dubai price of the following period; OAD is the variation in OPEC oil

production in Asia; OED is the variation in OPEC oil production in Europe; OUD is the

variation in OPEC oil production in America; NAD is the variation in non-OPEC oil

production in Asia; NED is the variation in non-OPEC oil production in Europe; and

NUD is the variation in non-OPEC oil production in America.
2Same as Table 1.
3Same as Table 2.
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4.2.2 Objective 2
For objective (2), the empirical models Eqs 3.7, 3.8 were used

to investigate how the variations in OPEC and non-OPEC oil

production from Europe, America, and Asia affected the

variations in WTI, Brent, and Dubai prices of the following

period. Table 3 shows that the variation in OPEC oil production

in America affects WTI price in the following period, as well as

the variation in OPEC oil production in Asia and the variation in

Dubai price in the following period. The variation in non-OPEC

oil production in Europe affects the variation in Brent price of the

following period.

The empirical result in Table 3 reveals that the variation in

OPEC oil production in America OPEC has a negative and

significant influence on the variation in WTI price of the

following period, indicating that the variation in crude oil

production affects that oil price lagged by one period, that is,

when crude oil production changes upward, the oil price of the

immediately following period decreases.

The Dubai price is a reference indicator of Asian oil prices.

On the part of Asia, the oil production by OPECmembers in Asia

from 1995 to 2015 had a far greater share than that by non-OPEC

members, as shown in Figure 2. As such, the empirical result

showed that the variation in oil production by OPEC from Asia

had a significant influence on Dubai price of the following period.

The variation in oil production by Asian OPEC members has a

positive and significant effect on Dubai price of the following

period, which means when the oil production by OPEC from

Asia increases, the changes in Dubai price in the following period

is also greater.

The variation in oil production by non-OPEC members in

Europe had a negative and significant effect on the Brent price of

the following period, which was another empirical result

indicating the influence of variation in oil production on that

in the oil price of the following period. The findings mean that

when the variation in oil production by non-OPEC states in

Europe increases, the variation in Brent price for a following

period decreases. Figure 2 shows that on average, from 1995 to

2015, non-OPEC production contributed more than OPEC to

European crude oil production. Brent price is also a trade index

in the European crude oil market and is traded in the London

International Financial Futures and Options Exchange.

Empirically, the variation in crude oil production by non-

OPEC in Europe has significance on variation in Brent price

of the following period.

4.2.3 Objective 3
Table 3 shows that the variation in oil production by OPEC

in America had a significant influence on the variation in WTI

price of the following period. Thus, for objective 3, we employed

model (3.9) along with stepwise regression to investigate the

correspondence of the variation in oil production by two

American OPEC members to the variation in WTI price of

the following period.

According to the empirical results shown in Table 4 of OPEC

members in America, Venezuela has a significant influence on

the variation in WTI price of the following period, indicating a

negative relationship. The finding revealed that the variation in

oil production by Venezuela affects the variation in WTI price of

the following period. When Venezuela’s crude oil production

decreases, theWTI price for the following period will increase. de

Sena et al. (2013) stated that Venezuela possesses resources for

crude oil that ranks second in the world and were of very heavy

crude oil property; they also verified in their empirical analysis

that WTI price was closely associated with the crude oil

production by Venezuela and estimated that since 2010, the

Venezuela’s oil price index had exhibited a tendency opposite to

WTI price, as shown in Figure 3.

Table 3 indicates that the variations in oil production by

OPEC members in Asia significantly influence the Dubai price

variation for the following period. Hence, for objective (3) with

model (3.9), we used stepwise regression to explore how the

variations in oil production by OPEC members in Asia affect the

variations in Dubai prices of the following period.

The empirical result in Table 5 reveals that the variation in oil

production by an Asian OPEC member, Qatar, has positive and

significant effect on the variation in Dubai price of the following

period, that is, when the variation in oil production by an Asian

OPECmember, Qatar, increases, the variation in Dubai price of a

following period will also increase.

Table 5 indicates that the variation in oil production by non-

OPEC members in Europe has significant effect on the variation

in Brent price of a following period; hence, with model (3.9) of

objective (3.10), we further used stepwise regression to

investigate how the variations in oil production by 53 non-

OPEC members in Europe affected the variation in Brent

price of a following period.

The empirical result in Supplementary Appendix Table SA1

reveals that the variation in Brent price of the following period is

affected in two ways. The variations in oil production by Sudan

and South Sudan, Vietnam, Ivory Coast, Egypt, the Netherlands

(offshore), Romania, Albania, and Greece had negative and

TABLE 4 Relationship between variation in oil production by American
OPECmembers and variation inWTI price of the following period.

1 2

Variation in oil production by Venezuela −0.00231** −0.00231**

(0.00116) (0.00117)

Variation in oil production by Ecuador 0.00313

(0.01307)

R-square 0.0052 0.0053

Observation 252 252

The bold values indicates that the number exists significant levels as the note on the

table.
1Note: Research period is from January 1995 to November 2015.
2*, **, and *** represent 10%, 5%, and 1% significance levels, respectively.

Frontiers in Environmental Science frontiersin.org09

Yang et al. 10.3389/fenvs.2022.933431

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.933431


significant effect on the variation in Brent price of the following

period; however, the variations in oil production by some states

such as Estonia, Azerbaijan, Austria, Spain, Ukraine, Gabon,

Malawi, Portugal, and Georgia had positive and significant effect

on the variation in Brent price of the following period.

4.3 Empirical analysis

Our empirical analysis will now combine objectives 1–3 to

look into the details of the influences of the organizations and

their members in different continents on the major oil prices.

The OPEC member in America whose oil production

variation affects the variation in WTI price of the following

period is Venezuela. The empirical results showed that both the

continent and the member states exhibited negative and

significant influence, meaning when the oil production by

American OPEC members and, among them, Venezuela,

increased, the WTI price of the following period decreased.

Hence, the variation in total OPEC production from this area

and the production by Venezuela would affect the WTI price.

The reasons that affected the variation in Dubai price in the

following period were the variations in oil production by OPEC,

Asian OPECmembers, and Qatar. Such empirical results were all

positive and significant, which means that the change in the

output of Qatar crude oil and deferred one period of Dubai crude

oil price change have a sticky behavior for the production and

price behavior. In terms of production and price of crude oil,

FIGURE 3
Tendency of WTI, OPEC, and Venezuelan prices.

TABLE 5 Relationship between the variations in OPEC oil productions from Asia and the variations in Dubai price of the following period.

1 2 3 4 5 6

Variation in oil production by Qatar 0.03581*** 0.03634*** 0.03707*** 0.03389*** 0.03297*** 0.03303***

(0.00726) (0.00726) (0.00728) (0.00792) (0.00803) (0.00803)

Variation in oil production by Iraq 0.00080 0.00073 0.00085 0.00084 0.00085

(0.00055) (0.00055) (0.00056) (0.00056) (0.00056)

Variation in oil production by Iran −0.00292 −0.00327 −0.00344 −0.00341

(0.00230) (0.00232) (0.00234) (0.00235)

Variation in oil production by Kuwait 0.00453 0.00359 0.00385

(0.00443) (0.00462) (0.00476)

Variation in oil production by Saudi Arabia 0.00072 0.00075

(0.00103) (0.00104)

Variation in oil production by the United Arab Emirates −0.00071

(0.00305)

R-square 0.0018 0.0342 0.0363 0.0376 0.0382 0.0383

Observation 252 252 252 252 252 252

The bold values indicates that the number exists significant levels as the note on the table.
1Note: Same as Table 4.
2Same as Table 4.
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when its price goes up, the oil-producing countries would also

increase their production, to make more profit, after it was

increased by the time delay effect (oil price delayed one

month), which led to an increase of crude oil price. The

European Commission (2018) mentioned that the market

integrates the decisions of producers and other factors to form

prices and then transmits this comprehensive information to

various decision-makers. This function of price is called the price

function or market function. This effect conformed to the

research result. When it was increased by time or when the

delay effect was enhanced, a change of the same direction can be

seen between the output of Qatar crude oil and deferred one

period of Dubai crude oil price change.

The reasons that affect the variation in Brent price of the

following period are non-OPEC in Europe and its members,

who are Estonia, Azerbaijan, Austria, Spain, Ukraine, Gabon,

Malawi, Portugal, Georgia, Sudan and South Sudan, Vietnam,

Ivory Coast, Egypt, the Netherlands (offshore), Romania,

Albania, and Greece; of these states, the variations in oil

production by Sudan and South Sudan, Vietnam, Ivory

Coast, Egypt, the Netherlands (offshore), Romania, Albania,

and Greece significantly negatively affect the variation in

Brent price of the following period, that is, when their oil

production increases, Brent price changes in an opposite way.

As such, the variations of oil production by these states are

consistent with the supply–demand mechanism of the market,

whereby the variation in Brent price of the following period is

enabled to reflect the variations in oil production by these

states fully. Meanwhile, the variations in oil production by

Estonia, Azerbaijan, Austria, Spain, Ukraine, Gabon, Malawi,

Portugal, and Georgia have a positive and significant effect on

the variation in Brent price in the following period, that is,

when their oil production changes in an increasing manner,

Brent price changes in the same way, meaning the magnitude

of variation in production by these states is not enough to fully

reflect the changes in oil price in the supply–demand

mechanism. Xiang-Hen (2017) stated that crude oil price

may be affected by stock position, hedge funds, and

demand position because of other interfering factors, the

positive and significant influence of the variations in the oil

production by these member states on the variation in Brent

price of the following period may be unable to reflect the

supply–demand mechanism of the market exactly.

5 Conclusion

5.1 Discussion about this research

Empirical results reveal that the variation in WTI price of

the following period represent the variations in oil production

by American OPEC members, especially Venezuela. The

reasons that affect the variation in Dubai price of the

following period are the variations in oil production by

OPEC, its Asian area and its member, Qatar. The reasons

that affect the variation in Brent price of the following period

are the variations in oil production by European non-OPEC

and its members, which are Estonia, Azerbaijan, Austria,

Spain, Ukraine, Gabon, Malawi, Portugal, Georgia, Sudan

and South Sudan, Vietnam, Ivory Coast, Egypt, the

Netherlands (offshore), Romania, Albania, and Greece.

Numerous researchers have analyzed crude oil prices in

recent years, using many empirical methods, such as the

SVAR model, error correction model, and econometrics,

aiming to more accurately predict the future tendency of

oil price. This study focused on the world’s crude oil

productions to explore their relationship to oil prices.

Members were divided into organizations, continents, and

members of each organization and were placed in an

unbalanced random effect regression model, to investigate,

empirically and cross-section-wise, how the production of

crude oil affects its price. With the empirical results of this

study, managers can anticipate the tendency of oil price of a

following period based on current oil production, which

would facilitate them to make better decisions. The

empirical results here are trusted to make certain

contributions and create value for many crude oil-related

businesses like finance, petroleum, aviation, tourism,

transportation, plastics, developing countries, and the

military. For subsequent research, incorporating other

variables like crude oil cost, demand by oil-needing

countries, general economic indicators, and alternative

energy, such as shale oil, is required to explore the

tendency of crude oil price.

5.2 Concluding remarks

Various studies have confirmed the importance of crude oil

prices to the global economy. This study focuses on the

relationship between crude oil prices and production levels.

However, the relationship between physical products and

financial variables, such as exchange rates, gold, stock prices,

futures, rig counts, and interest rates, all affect oil prices.

Therefore, in addition to the in-depth understanding of the

relationship between oil prices and production, the

relationship between other variables and oil prices is a

valuable and worthwhile topic to explore.

Crude oil is a necessary product for industrial production,

and it is also an important raw material for gasoline, diesel oil,

and lubricating oil that people use daily. Therefore, immediate

fluctuations in crude oil prices are related closely to economic

development. The monthly data of the research period of this

study are from January 1995 to November 2015. If future

scholars are interested in this topic, they can update the data

and add other research variables to continue exploring it.
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