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Abstract: In the context of the economic situation, international relations, and the consequences of
COVID-19, the future competition pattern of crude oil trade is uncertain. In this paper, the crude oil
international import competition and export competition networks are based on a complex network
model. The link prediction method is used to construct a crude oil competition relationship prediction
model. We summarize the evolving characteristics of the competitive landscape of the global crude
oil trade from 2000 to 2019 and explore the reasons for the changes. Finally, we forecast the future
potential crude oil import and export competition. The results indicate the following. (1) The crude
oil import competition center is transferred from Europe and America to the Asia–Pacific region and
it may continue to shift to developing regions. (2) At present, the competition among traditional
crude oil exporters is the core of crude oil export competition, such as OPEC, Canada, and Russia.
The United States has become the world’s largest crude oil exporter, which means that the core of
crude oil export competition has begun to shift to emerging countries. The competition intensity of
emerging crude oil exporters is gradually increasing. There is likely to be fierce export competition
between traditional and emerging exporters. (3) In the future crude oil competition, we should pay
attention to the trend of the United States, which may lead to the restructuring of the global oil
trade pattern. Finally, this paper considers the exporters and importers and puts forward policy
suggestions for policymakers to deal with the future global crude oil trade competition.

Keywords: competitive relation; link prediction; crude oil trade; complex network

1. Introduction

Crude oil is the lifeblood of national energy security. It has become one of the most
traded commodities globally due to the uneven geographical distribution of crude oil
resources, the imbalance of supply and demand, and the highly developed international
trade [1]. Although clean energy is advocated internationally, crude oil consumption
still accounts for the most significant global energy consumption [2] and maintains a
low growth trend. Crude oil safety is an integral part of national security, and it has an
overarching and strategic bearing on the economic development of each country. As crude
oil is closely related to economic growth and geopolitics, the competition for crude oil has
always been the international community’s focus [3]. Since the start of the 21st century, the
international crude oil trade market has not been peaceful [4]. On the one hand, the rapid
rise of the economies of Asian countries led by China and India has dramatically increased
the demand for crude oil. The competition for crude oil resources between the East and
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the West is becoming increasingly fierce [5]. On the other hand, due to the exhaustion of
crude oil in resource-endowed regions, the number of exporters is decreasing. However,
the demand for importers is still increasing, which directly intensifies the crude oil import
competition and leads to competition among exporters for export shares [6]. In addition,
geopolitics, trade agreements, and political alliances are also essential factors [7]. For
example, the current Russia–Ukraine war has led to a rise in oil prices and the cut-off of
energy supplies, which has caused a series of chain reactions and added uncertainties to
the development of the crude oil trade. Therefore, it is necessary to understand the crude
oil trade pattern and competition situation. Moreover, it is crucial to accurately predict the
future evolution trend of crude oil trade competition. It is of great significance for countries
to adjust their policies and ensure the security of the crude oil supply.

At present, the research of crude oil trade patterns mainly focuses on three aspects,
which are as follows. (1) The evolution trend of crude oil trade patterns. Existing studies
have found that in the international crude oil trade, both major trading countries and
trading communities have gradually shifted their crude oil trade focus from Europe and
America to Asia [4,8]. (2) Research on the influencing factors. The influencing factors
promoting the evolution of national and regional crude oil trade pattern mainly include
oil reserves and social security [9], oil prices [10], the supply–demand relationship [11],
technology and energy efficiency [12], distance [13], and geopolitics [14]. (3) Research on
energy security issues brought by the evolution of crude oil trade pattern. Studies have
found that as members of the international crude oil trading system become more and
more stable, economic activities between countries will lead to fluctuations in crude oil
demand [15]. Furthermore, the diversification of crude oil import sources is one of the most
effective measures to ensure energy security and reduce supply risks [16,17].

In the analysis of international crude oil trade patterns and their evolution, complex
network theories and models are relatively mature and advanced. The early complex
network methods mainly studied the primary trade network of crude oil, focusing on the
connotations and correlations between crude oil flow in the main topological indicators,
such as network connectivity, betweenness centrality, and closeness centrality [18,19], and
they analyzed the trade status and evolution of trading communities of countries in the
network through trade performance [20]. However, trade networks pay more attention to
the changes in trade volume and trade relations, but cannot reveal the hidden relations
behind trade [21]. Therefore, some scholars have built derivative networks to analyze the
deeper implications of trade. For example, the trade dependence network is constructed to
analyze the degree of crude oil trade dependence of each country; it also provides a new
way to study oil supply risk [22]. Another example is constructing a crude oil trade import
competition network to analyze the competition between importers.

The existing research on competitive networks is all carried out from the perspective
of import competition. However, the profound influence of crude oil exporters on trade
patterns cannot be ignored. In 2016, OPEC reached an agreement to cut production. Some
Middle Eastern exporters suffered energy sanctions, and the USA lifted its 40-year ban on
crude oil exports in 2015. Crude exporters are changing, and so is the competitive landscape
for exports. Therefore, a single research perspective on import competition can no longer
fully predict the future crude oil trade competition pattern. It is necessary to study the
future crude oil trade competition pattern from import and export perspectives. Based
on this, this paper constructs the import competition network and the export competition
network of international crude oil trade and studies the competitive trend of global crude
oil trade from the two aspects of import and export.

Moreover, the existing research mainly focuses on analyzing past and current crude
oil trade patterns and there is less research on the future potential trade competition
relations. It is essential to evaluate the future evolution and timely adjustment of trade
policies for exporters and importers. The trade gravity model is a conventional algorithm to
estimate the potential trade volume between countries [23]. It can predict the future trade
volume and price through the distance between countries [24], common language [25],
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and other influencing factors. However, it cannot effectively predict the potential trade
relationship [26]. In addition, Vidmer et al. [27] adopted a recommendation method applied
to e-commerce systems to predict the types of goods increasing in trade. By contrast, link
prediction algorithms can predict future potential relationships based on network structure
characteristics. As a predictive tool for future relations, the link prediction model is mainly
used in the field of biological science [28], sociology, and psychology [29], and has been
gradually used in the field of mineral resources and energy trade in recent years to help
countries gain insight into the future trade pattern and find potential trading partners.
Existing research involves the prediction of potential trade relations for crude oil [30],
natural gas [31], cobalt ore [32], aluminum ore [33], and so on. The predicted results are
divided into net importers and net exporters and summarize the rules of establishing trade
relations, which can provide references for the government to find new trade partners
according to each country’s import and export topological properties. However, there are
shortcomings in this division method. Suppose that the net importer and net exporter are
divided by the net volume of trade. In this case, it will lead to the loss of many potential
competitive relations between countries with both export and import behaviors. Therefore,
this paper redefines two competition intensity indexes of crude oil import and crude oil
export based on the mineral competition intensity index from the importer’s perspective.

Overall, to grasp the global crude oil trade pattern and competition situation, and
predict the future crude oil competition market trend, this paper analyzes the evolution
trend of the past and present competition pattern by constructing the global crude oil trade
import and export competition network. Then, we use the link prediction model to find the
potential crude oil competition relationship. Based on the present situation and forecast
results, this paper provides a reference and basis for adjusting the crude oil policy for
all countries. The main contributions are as follows. (1) Based on the complex network
method, we construct the competition intensity index and competitive network of crude
oil international trade. In addition, we fully consider the influence of geopolitics and the
economy on the evolution of crude oil trade competition patterns. Finally, we obtain a
general conclusion about the characteristics of the competitive pattern and the reasons.
(2) We establish a link prediction model to summarize the characteristics of the new oil
competition relationship in the past 20 years and predict the new oil competition relation-
ship in the future. (3) We fully consider the impact of geopolitical and institutional conflicts,
and put forward suggestions from the perspective of exporters and importers, respectively.

2. Materials and Methods
2.1. Model of Crude Oil Trade Competition Network

First, we construct an undirected weighted Crude Oil Competition Network (COCN).
The COCN was built with the set of G = (V, E), in which the nodes V (v1, v2, v3 . . . vn)
represent the countries with crude oil import activities, as the network node of the import
competition network; V′

(
v′1, v′2, v′3 . . . v′n

)
represents crude oil exporters, as the network

node of the export competition network. E
(
eij
)

represents the network competition edge,
Sij indicates the intensity of the competition between importers vi and importers vj, and
the premise of importers vi and importers vj producing import competition is that they
have a common source vp of imports that do not belong to the import competition network.
The export competition relationship is the same. Both import and export competition
relationships are expressed in Figure 1.

The crude oil import competitive network and export competitive network are both
undirected weighted networks. Based on the index provided by Glick et al. [34], and
referring to an index proposed by Wang et al. [35], which is used to measure the competition
level of graphite trade resources, the competition intensity index of the crude oil import
and export competition network is defined.
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Sij = ∑
m


(

Wmi + Wmj

Ww

)
×

1−

∣∣∣ (Wmi
Wi

)
−
(

Wmj
Wj

)∣∣∣(
Wmi
Wi

)
+
(

Wmj
Wj

)
× 100 (1)

where Sij is the competition intensity between crude oil import sources vi and vj, and m
represents the common crude oil import source vm. Wmi represents the crude oil volume
that importer vi imports from the common import source vm. Similarly, Wmj represents
the crude oil volume that importer vj imports from vm. Wi and Wj represent the total
import volume of importers vi and vj . Ww is the world’s total crude oil import volume.
In the export competition network, all indicators in the formula below represent export in
crude oil export competition and will not be described in the following.

Figure 1. Competition network diagram.

2.2. Link Prediction

The crude oil trade competition network can describe the past and present global oil
trade import and export competition patterns intuitively. However, the information of the
“hidden trade competition partner” in the future is what the countries focus on. However,
this information cannot be directly obtained from the complex network. It requires the
analysis of future potential trade relationships with link prediction.

2.2.1. Calculate the Stability of a Complex Network of Crude Oil Competition Networks

The stability coefficient is an essential factor in measuring a competitive network’s
stability. We calculate the stability of the international crude oil import and export competi-
tion network for 2010–2019 using the autocorrelation function [36]. The calculation formula
is shown in Equation (2).

Zf(t) =
Qt−1 ∩Qt
Qt−1 ∪Qt

(2)

Zf(t) represents the stability coefficient of the network node since the year of t, Qt
represents the node set of all countries in the crude oil import competitive network in the
year of t. Qt−1 represents the node set of all countries in the crude oil competitive network
in year t − 1. Qt ∩Qt−1 represents a common collection of nodes in the years of t and
t − 1. Qt−1 ∪Qt represents the set of national nodes that appear in year t and year t − 1.
The greater the value of Zf(t) is, the higher the stability of national nodes in the crude oil
international trade network is.

2.2.2. Main Algorithm of the Link Prediction Model

The core of the link prediction model is to select a suitable prediction algorithm. At
present, the similarity-based algorithm is the mainstream of link prediction [37], including
CN, AA, RA, and PA, which are four algorithms. CN is generally considered the most
effective indicator for assessing the linking probability of most subjects [38]. AA has been
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proven to be more effective than other algorithms in describing potential relationships of
networks [39]. Zhou et al. [38] proposed that RA had a better prediction effect than CN
and AA. PA is widely used to explore potential relationships that may appear in the future
in network dynamics [40]. The formulas are as follows.

(1) CN algorithm

Common neighbors are directly explained as the two nodes being similar if more
common neighbor nodes exist between two particular nodes in a complex network. In the
link prediction model, there are two calculation methods of the CN algorithm. One is the
powerless CN algorithm without weight, and other is the weighted CN algorithm. Specific
algorithms are shown in Formulas (3) and (4).

PCN
xy = |Γ(x) ∩ Γ(y)| (3)

In the crude oil import competition network, x and y represent two competing
countries in the crude oil import or export competition network, Γ(x) represents the
import with x rival state collection, Γ(y) represents the import competitive relationship
with y national collection, Γ(x) ∩ Γ(y) represents the combination of countries competing
with Γ(x) and Γ(y) for imports. The more indirect competition that exists between two
importers, the greater the possibility of direct competition between them.

PCN
xy = ∑

z∈Γ(x)∩Γ(y)

w(x, z)α + w(y, z)α

2
(4)

In the import competition network, z is the common import competition country of
importing country x and y, and w(x, y) is the competition intensity Sij between import-
ing country x and the import competition country z. According to the weak connection
effect, weakly connected edges with smaller weight may have a greater contribution to the
prediction of future connected edge generation. Therefore, we defined an exponent α based
on the competition intensity, through the evaluation of α to determine the role of com-
petition intensity in the future edge prediction. When α = 1, the competition intensity
plays a full role in future edge prediction. When α = 0, the competition intensity does not
play any role, and the competitive network is an undirected network without authority.
When α < 0, the larger the competition intensity is, the smaller the contribution to edge
prediction is. α has the same meaning below.

(2) AA algorithm

The principle of the Adamic Adar algorithm is that the contribution of the common
neighbors of a point with a smaller degree to future edge prediction is greater than that of
the common neighbors of a point with a larger degree. In the crude oil competition network,
kz is the degree value of the co-competing country. In formula P(z) = ∑i∈Γ(z) w(z, i),
i represents the country in direct competition with z; α is given a detailed explanation in
the CN algorithm.

PAA
xy = ∑

z∈Γ(x)∩Γ(y)

1
log kz

(5)

PAA
xy = ∑

z∈Γ(x)∩Γ(y)

w(x, z)α + w(z, y)α

log(1 + P(z))
(6)

(3) RA algorithm

RA is similar to the AA index. There are no two interconnected nodes vx and vy
in the network. vx can transmit some information to vy through the intermediary, and
the proportion of information vy receives is the similarity between vx and vy. The most
significant difference between the RA and AA indexes lies in the weights assigned to the
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common neighbor nodes. The competitive network with a large average degree and weight
may have a better prediction effect.

PRA
xy = ∑

z∈Γ(x)∩Γ(y)

1
kz

(7)

PRA
xy = ∑

z∈Γ(x)∩Γ(y)

w(x, z)α + w(z, y)α

P(z)
(8)

(4) PA algorithm

What the preferred dependency algorithm expresses is that the possibility of establish-
ing competitive relations between two importing countries is proportional to the product of
the number of competitive relations already established. Here, j is the import competitor
country of x, and q is the import competitor country of y.

PPA
xy = |Γ(x)|×|Γ(y)| (9)

PPA
xy = ∑

j∈Γ(x)
w(x, j)α × ∑

q∈Γ(y)
w(y, q)α (10)

2.2.3. Division of Test Set and Training Set

The existing crude oil import competition network is randomly divided into the test
set and training set. Let E be the competition relation set of the whole import competition
network; test set Etest accounts for 10%, and the rest is training set Etrain.

E = Etest + Etrain (11)

Etest = 10%× E (12)

In this paper, the four algorithms above were used to calculate the scores of connected
edges and non-connected edges in the test sets of import and export competitive networks,
respectively. Then, the scores were sorted in descending order. The more edges of the test
sets that ranked highly, the stronger the reliability of the edge prediction of the crude oil
import and export competition network.

2.2.4. Evaluating the Merits of the Model

AUC is the most used measure of link prediction accuracy, which measures the al-
gorithm’s accuracy, so we used AUC to evaluate the effectiveness of the link prediction
algorithm in this paper. The similarity value between each pair of nodes in the network is
obtained through the algorithm. The AUC index compares the similarity value of the edge in
the test set with the size of the non-existent edge similarity value. For times of independent
comparison, if the edge similarity value of the test set is greater than the similarity value of
the non-existent edge, it is denoted as 1; if it is equal, it is denoted as 0.5. If it is less than,
it is denoted as 0. The calculation result is obtained by adding the comparison scores and
dividing them by the comparison times. The specific formula is as follows:

AUC =
n′ + 0.5n′′

n
(13)

2.3. Data

The crude oil trade data are obtained from the UN COMTRADE database, and the
selected commodities are petroleum oils and oils obtained from bituminous minerals: crude
(HS code 2709). Based on the trade data, the authors constructed the crude oil trade import
competition network and the crude oil trade export competition network. The data cover a
period of 20 years from 2000 to 2019.
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3. Evolution of Crude Oil Trade Status and Competition Pattern
3.1. Status of Crude Oil Trade

According to the BP 2020 Statistical Review of World Energy [41], in 2019, the proven
global reserves of crude oil amounted to 1732.4 million barrels. OPEC has 1214.4 thousand
million barrels, accounting for 70%, and non-OPEC has 520.1 thousand million barrels,
accounting for 30% only. The unbalanced distribution of crude oil is a fundamental reason
for the high internationalization of the crude oil trade. Figure 2 visualizes the data of UN
COMTRADE [42]. We found that the top five crude oil importers in 2019 were China, the
USA, India, Japan, and Korea, which accounted for 61% of global imports. Europe as a
whole imported 20% of crude oil. The top five crude oil exporters were the USA, Saudi
Arabia, the Russian Federation, Canada, and Iraq, accounting for 48% of global exports.

Figure 2. Major crude oil trade countries and the share of imports and exports in 2019.

For traditional developed countries and emerging developing countries, crude oil is
the basis of production. For countries whose economy highly depends on crude oil exports,
crude oil is an important tool to maximize interests and gain international status, so its
value goes beyond the scope of economics [43]. This has led to an increasingly complex
global crude oil trade. In the international crude oil trade study, it is not easy to deeply
analyze the inherent complex and hidden correlation between the trade theory of general
commodities and the economic theory.

3.2. The Present Situation and Evolution of Competition Network Pattern

Due to the factors of production, price, and international relations, crude oil exporters
usually do not sell crude oil to a single importer, just as the importers do not usually
import oil from only one exporter; it inevitably leads to several importers simultaneously
importing one exporter’s oil resources and several exporters simultaneously exporting oil
to one importer. This is the deep relationship of trade: competition. Therefore, this paper
constructs a crude oil import competition network based on whether the oil importing
country has the same crude oil import source and a crude oil export competition network
based on whether the oil exporters have the same crude oil export destination. This
section analyzes the pattern and evolution of the import competition network and export
competition network in the global crude oil trade from 2000 to 2019. It also judges who
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and which behaviors have promoted the evolution of the competition network and what
impact this evolution has brought.

3.2.1. Import Competition Network

During the study period, the USA’s crude oil import competition intensity continued to
weaken, while that of Asian countries such as China and India continued to strengthen. The
core of crude oil import competition has changed from the USA to China. European import
competition intensity has not changed distinctly. Figure 3 shows that the USA’s share of
crude oil imports has gradually decreased since 2000, the import competition relationships
have gradually decreased, and the import competition intensity has weakened. This trend
accelerated from 2015, but it did not prevent the USA from remaining the major importer
of crude oil, and it remained the largest importer for a long time, until 2017, when it was
overtaken by China [41].

Figure 3. The evolution of competition among importers from 2000 to 2019.

Compared with the previous studies about crude oil trade and competition, it is found
that the reasons leading to the change in importers’ competition intensity are different. The
shale oil revolution in the USA has increased domestic crude oil production and reduced the
import trade, which is the direct reason for the weakening of its import competition intensity.
The fundamental reason is a shift in the strategic objectives of American energy [44]. That
is, the change in the USA was mainly caused by technological change and a change in
energy strategy. By contrast, oil reserves in China and India, two large and fast-growing
economies, are relatively modest. Since the start of the 21st century, crude oil production
and import scale have been unable to supply their crude oil demand. The immediate
solution is to diversify the source of crude oil import [45]. For developing countries such
as China and India, the change in their crude oil import competition intensity was mainly
caused by economic development and the imbalance between supply and demand.

3.2.2. Export Competition Network

In Figure 4, we can see that from 2000 to 2005, the core of crude oil trade export compe-
tition was concentrated between OPEC countries such as Saudi Arabia, Iraq, and Venezuela
and traditional exporting non-OPEC countries such as the Russian Federation and Canada.
In addition, 2005–2019 was a period of significant crude oil export from the USA, with the
export market share catching up with other exporters. Comparing each country’s share
in the crude oil export market in 2000 and 2019, Venezuela declined significantly. Saudi
Arabia, Iraq, the Russian Federation, and Canada experienced slight declines or gains. The
USA rose to first place. In terms of the intensity of export competition, Saudi Arabia, Iraq,
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the Russian Federation, and Canada saw fluctuating increases, Venezuela continued to
decline, and the United States rose significantly after 2015.

Figure 4. The evolution of competition among exporters from 2000 to 2019.

Table 1 organizes and analyzes the changes in competition intensity and market share
of major crude oil exporters in Figure 4. It is found that major crude oil exporters had
different trade performance in this study period: the export share and export competition
intensity of the United States, Iraq, Canada, and the Russian Federation all increased, which
shows that they are targeting high-volume markets, where they are taking the export share
from exporters; Venezuela’s export share and export competition intensity both decreased,
indicating that it was gradually forced out of the market with large flow and the remaining
market was mostly a small-flow market; Saudi Arabia’s share of exports decreased, but its
export competition increased. This means that many countries are entering Saudi Arabia’s
oil market, taking its share of exports and forcing it to withdraw from some oil markets.
Nevertheless, this compromise only makes the competition more intense. There are no
exporters who can gain a greater market share and reduce competition. This is mainly
because exporters have moved into markets with low crude oil flows. Distinctly, major
exporters prefer high-volume markets. If exporters have the same goal, why the trade
discrepancy? What has created this pattern of export competition?

For a long time, the USA has maintained the strategic goal of “world oil hegemony”.
As the country with the largest increase in crude oil export share and export competition
intensity, the path of achieving the “world oil hegemony” has undergone a fundamental
change. Before 2014, the USA guaranteed a sizeable crude oil supply through economic
sanctions and intervention in the Middle East issue [46]. However, it was criticized by
the international community. In 2014, the US shale oil production technology had a
breakthrough innovation, officially lifted the 40-year ban on crude oil export, rapidly
expanded the crude oil export, and began to transform into a prominent exporter of crude
oil, trying to master the initiative in crude oil trade. Looking at the crude oil export market
changes in the past 20 years, and the timeline of the crude oil events, we can suggest that
the USA promoted the rapid evolution of the crude oil export competition pattern, which
affected the major crude oil exporters. However, the specific reasons for the change in crude
oil exporters cannot be generalized due to their different economic conditions, political
positions, and changes in competition intensity.
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Table 1. The trade performance of major exporters in the crude oil export competition.

Market Share Competition
Intensity Trade Performance Major

Exporter

Enter markets with large crude flows USA, Iraq, Canada,
Russian Federation

Exit most of the markets with high flow
Remaining markets with small flows Venezuela

Exit part of the crude oil market
Remaining markets with high flows Saudi Arabia

Enter markets with low crude flows None

Venezuela and Iraq have a single economic structure and are highly dependent on
crude oil exports. Both countries have been subjected to economic and energy sanctions by
the USA for years. The economic growth of Saudi Arabia also depends on crude oil exports,
but thanks to years of export dividends, its domestic economic foundation is good, and its
neutral political stance also enables it to maintain stable trade relations [47]. Canada is a
highly developed capitalist country. Its heavy oil has been exported to the USA for a long
time. In addition, its industry and agriculture also make outstanding contributions to the
economy. Canada and the United States are members of the North American Free Trade
Area (NAFTA) and the North Atlantic Treaty Organization (NATO). They have established
close trade, political, and military alliances with each other. Today, the fuel and energy
complex is the major structural constituent of the economy of the Russian Federation. In
connection with the intense geopolitical situation globally, the Russian Federation has
faced financial and economic sanctions from the United States of America. The Russian
Federation and the USA have differences in both politics and economy. In fact, energy
sanctions against the Russian Federation have always existed [48], and Russia’s energy
policy has been constantly optimized [49]. Due to the differences in exporters themselves
and the external environment, their situation is also different: the share of Venezuela’s
crude oil export decreased year by year, and the export competition intensity weakened.
After the war, Iraq’s crude oil export decreased. In the post-war period, Iraq’s exports
were at historically low levels; after the USA waived sanctions, Iraq’s competition intensity
increased. In order to resist the impact of a large amount of crude oil exported from the USA
on crude oil prices, Saudi Arabia and other OPEC members reached an agreement to cut
production, weakening the intensity of export competition; Canada’s heavy oil export share
has increased steadily, and its export competition has intensified. The energy policy of the
Russian Federation has reduced the impact of economic sanctions to a certain extent. The
increase in its crude oil export has enhanced the intensity of export competition, reduced
the dependence of crude oil importers on the Middle East, and strengthened the export
competition between the Russian Federation and the Middle East [50].

Therefore, whether it is the crude oil import competition network or the crude oil
export competition network, the change in the USA alone is the greatest. Consequently,
how important is USA in the oil trade competition? This study ranked the directly related
competition of the USA by using the normalization method (Figure 5).

The closer the dot is to 1, the higher the competition intensity is and the higher the
world ranking. The closer the dot is to 0, the lower the competition intensity is and the
lower the world ranking is. In this study period, although the share of crude oil imports
of the USA decreased significantly, the import competition intensity of the USA did not
change significantly. There was still fierce crude oil import competition with other countries.
The intensity of export competition increased significantly, with two thirds of the countries
ranked in the top 50% by 2019. As the only major importer and exporter of crude oil trade
in the world, the USA has high competition intensity, which means that most of the world’s
importers and exporters are vulnerable to the impact of energy security problems, so it is
necessary to make accurate predictions of the future competition pattern of crude oil trade
in time.
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Figure 5. Changes in the competition intensity rankings of the US and other countries in 2000–2019.

4. Link Prediction of Crude Oil Trade Competition Relationship
4.1. Test of Link Prediction

In order to make the link prediction model effective, the premise test, feasibility test,
and effect test are carried out successively before the prediction of the potential competition
relationship of crude oil trade.

4.1.1. Premise Test and Algorithm Selection

The link prediction model’s premise is that the relationship between research objects
has certain volatility [24]. Therefore, before establishing the link prediction model, it is
necessary to test whether the current crude oil international trade competition network is
unstable. The link prediction is of practical significance only in an unstable condition. One
of the main criteria to determine the stability of a complex network is the change in nodes
in the network. This paper calculates the stability coefficient of nodes in the complex crude
oil international trade network from 2010 to 2019 using the autocorrelation function [36]
and Formula (2). The stability coefficients of 2013, 2014, 2016, and 2017 were all around
0.5, while those of other years were between 0.8 and 0.95. This proves that the crude oil
import competition network and crude oil trade export competition network are unstable,
conforming to the premise of using the link prediction algorithm (Figure 6).

Different forecasting algorithms for link forecasting models produce different fore-
casting results. Studies have used the link prediction model to forecast crude oil trade
relationships [30], but only the CN algorithm has been used to evaluate potential trade
relationships. However, a competition network is more complex than a trade network,
and their intrinsic associations are more complex. Considering one forecasting algorithm
alone may limit the understanding of motivation research and forecasting results. Instead,
comparing multiple algorithms and selecting the best link predictor among them can
provide strong evidence for the prediction mechanism and make the prediction results
more accurate [51]. Therefore, the article used the AUC metric to determine how many
algorithms should be chosen to predict potential competitive relationships.
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Figure 6. Stability coefficient of import competition network and export competition network.

Each year’s crude oil competitions were randomly divided into a 10% test set and
a 90% training set. In Figure 7, the higher the AUC is, the closer the color is to dark red;
the lower the AUC is, the closer the color is to dark blue. The results show that in all
years when α is taken as 0, the AUC values of all four algorithms reach the maximum
simultaneously. All of them are higher than 0.95, which means that the highest accuracy
rate of all four algorithms exceeds 95%, but one algorithm may not be the most accurate in
every year. Thus, it is necessary to ensure that all predictions are optimal, minimizing the
risk of a single algorithm bias in the forecasting process, causing the entire forecast to fail.
This paper uses four algorithms for forecasting at the same time. Whichever algorithm has
the highest score in the same year, the prediction of this algorithm is taken as the prediction
result for that year. The higher the predicted ranking of the competition, the more likely
it is that a natural competition will arise. We extracted the top 10 of each year’s forecast
results as the “potential future rivalry” for that year.

Figure 7. AUC scores of α with year for four different algorithms.
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4.1.2. Feasibility Test and Effectiveness Test

In this paper, the principle of predicting potential crude oil competition is to predict
a competition that has never existed based on real competition data in the current year.
Suppose that a predicted competitive relationship has not yet occurred by the end of the
time series (2019). In this case, the prediction of this competitive relationship is deemed
to have failed. Otherwise, it is successful. The number of successes as a percentage of the
total number of predictions is the success rate of the link prediction model. Based on the
crude oil import competition network and export competition network from 2000 to 2019,
a total of 259 import competition relationships and 241 export competition relationships
were predicted in this study. As of 2019, 233 of these import competition relationships
and 231 export competition relationships have been successfully generated, with success
rates of 89.96% and 95.85%, indicating that it is feasible to use the link prediction model to
forecast potential future crude oil import and export competition relationships.

Figure 8 is a flow chart for the effectiveness test of crude oil competitions. The effec-
tiveness test is based on the predicted and realized competitions as of 2019. The measures of
prediction effectiveness are “immediacy” and “persistence”. “Immediacy” is defined as the
speed to establish the competitive relationships: suppose that the annual distance between
the year when the two countries first have a real competitive relationship and the forecast
base year is L; if 1 ≤ L ≤ 3, the immediacy of the competitive relationship is excellent; if
4 ≤ L ≤ 10, then the immediacy is general; and if L ≥ 11, the immediacy of the competitive
relationship is poor. “Persistence” is defined as the duration of competition relationships:
suppose that the number of years in which a certain potential trade relationship appears in
the future is K, and the number of all observation years is L, n = K/L. The continuity of the
relationship is excellent if n ≥ 0.8, fair if 0.8 > n ≥ 0.5, and poor if n > 0.5. “Immediacy” is
used to determine the speed of response when a potential competitive relationship becomes
a reality. “Persistence” is used to determine the extent to which a potential competitive
relationship is maintained once it becomes a reality. Competitive relationships that are slow
to react and weak in persistence are generally caused by occasional political and economic
factors, and are less relevant for research. Only those competitive relationships that are
high in “immediacy” and high in “persistence” are “stable” and meaningful to explore.

Figure 8. Flow chart for effectiveness test of crude oil competitions.
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This paper defines a competitive relationship with both “immediacy” and “persistence”
excellence as a “stable” competitive relationship. In Table 2, the “immediacy” of both import
and export relationships is higher than their respective “persistence”, suggesting that fewer
relationships meet the criteria of both good “immediacy” and “persistence”. However,
this “stability” part of the competition is of interest to study. It is possible to summarize
the characteristics of the new competitive relationships that have emerged over the past
20 years and analyze the impact of their emergence on the competitive landscape of crude
oil. Similarly, this study focuses on those competitive relationships that have not yet been
created in absolute terms and can be “stable” in the future.

Table 2. Effectiveness test checklist.

Indicators Import (%) Export (%)

Immediacy
excellent 87.50 91.63
general 10.80 8.37

poor 1.70 0

Persistence
excellent 30.00 40.25
general 29.62 35.68

poor 40.38 24.07

4.2. Analysis of New Competitive Relationships in International Crude Oil from 2000 to 2019

From the perspective of geopolitical and economic developments, we have analyzed
the characteristics and causes of the crude oil import and export competitive evolution.
However, what competitions have driven the evolution of the competition pattern? In
this study, we collate the new and “stable” competitive relationships that have emerged
over the last 20 years. It is found that the new relationships have certain patterns and
characteristics. As crude oil has always involved politics and economics between major
countries, this paper focuses on the competitive relationships between major exporters and
importers that have been added and have the “stability” characteristics over the period
2000–2019, and we draw a general pattern.

4.2.1. Asia–Pacific Has Become the Core of Crude Oil Competition, with a More
Pronounced Intermediary Role for Europe

In Figure 9a,b, the deeper color of a country represents a greater increase in import
competition intensity, while the lighter color of a country represents a smaller increase
in import competition intensity. In the Asia–Pacific region, where there are developed
countries such as the USA and Japan, as well as developing countries such as China and
Indonesia, there is a huge demand for crude oil. At the same time, the Asia–Pacific region
is rich in crude oil reserves, but most countries suffer from overcapacity and transportation
difficulties. Therefore, the Asia–Pacific region imports large quantities of crude oil while
also exporting large quantities of crude oil. The Asia–Pacific region has become the core
of global crude oil trade competition, which is consistent with the conclusions reached in
previous studies [6].

In Figure 9a,b, we can observe that Europe has seen a minor increase in import com-
petition intensity and a larger increase in export competition intensity. UN COMTRADE
supports this. Europe is currently playing more of an intermediary country role. Before
2016, this phenomenon may have been caused by the European debt crisis in 2010, which
brought about a plunge in demand for crude oil in Europe. This phenomenon has persisted
beyond 2016 because it is more likely to be influenced by carbon-neutral schemes. The
strong push for clean energy has led directly to a reduction in demand for crude oil.



Energies 2022, 15, 2395 15 of 20

Figure 9. Increased competition among major importers and exporters, 2000–2019. (a) Import
competition “stable” countries; (b) Export competition “stable” countries; (c) The top 5 importers
with their competitions; (d) The top 5 exporters with their competitions.

4.2.2. Cross-Continental Import Competition Has Emerged among Major Importers;
Non-OPEC Countries Are More Likely to Generate New Competitions

Figure 9c identifies the top five crude oil importers: China, Korea, Japan, India, the
USA, and their import competitors. The new import competitors are located over long
linear distances. Most typically, Korea’s new import competitors are all located in the
Caribbean region. Their common source of imports is the USA. This means that Korea’s
new import competitions have penetrated the intra-American crude oil trade market,
almost regardless of geographical location. In fact, the additional import competitors of
other major importers and their common sources of imports are also primarily distributed
across continents.

Figure 9d marks the top five crude oil exporters: the USA, Saudi Arabia, the Russian
Federation, Canada, and Iraq, and their export competitors. Three non-OPECs—the USA,
the Russian Federation and Canada—generate new export competition. The USA is better
in volume and distance, covering three continents. In contrast, Saudi Arabia and Iraq,
which are members of OPEC, have not generated export competition in 20 years.

4.3. Future Evolution Trend Analysis of Global Crude Oil Trade Competition Network

In addition to analyzing the results of the “stable” competitive relationships that have
been generated, this paper also explores competitive relationships that have not yet been
generated and that meet the “stability” criterion (Figure 10), as they are closely related to
the development of the future competitive landscape for crude oil.
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Figure 10. Potential competitive relationships analysis in the future. (a) Import Link Prediction
results; (b) Export Link Prediction results.

4.3.1. Potential Import Competition Is Concentrated in Latin America and Africa

Figure 10a shows that the additional import competitors will be mainly African and
Latin American countries. The additional competitive relationships will mainly exist with
intra-America, and between Africa and other regions in the future. The main import
competition with Latin American countries is with the USA. This forecast result further
supports the conclusion above that the USA, with a significantly reduced share of crude oil
imports, is still in fierce competition with other countries for crude oil imports. We predict
that the USA will be more willing to compete with smaller neighbors for crude oil from the
same import sources. Competition between African countries and other regions for crude
oil imports cannot be ignored. The African region is rich in crude oil reserves. Due to factors
such as the concentration of crude oil resources and backward production capacity, crude oil
importation is a major drain on the economy of Africa [52]. Africa has also been promoting
industrialization in recent years as the most economically underdeveloped region, with
projects such as the Central African Transport Corridor interconnection infrastructure and
APSSET. The demand for crude oil will continue to grow, and there is a greater probability
of import competition with importers from other regions in the future.

4.3.2. Traditional Crude Oil Exporters Will Be Challenged by Emerging Crude
Oil Exporters

Figure 10b shows that potential export competition is mainly concentrated between
traditional crude-oil-exporting regions (such as OPEC, Colombia, and Mexico) and emerg-
ing crude-oil-exporting regions (such as Japan, China, and the Netherlands). This is broadly
consistent with the evolution of the competitive crude oil landscape over 2000–2019. With
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the precedent set by the USA, it is not difficult to deduce that the entry of emerging crude
oil exporters into the competitive crude oil export market will generally have an impact
on oil prices, while traditional crude oil exporters are likely to be forced once again to
rely on trade instruments such as production cuts to reduce their impact while reducing
their initiative in the crude oil trade. Contrary to the evolution of the current competition
pattern, the USA did not display a potential new stable export competition relationship.
We believe that there are two main reasons. First, according to the UN COMTRADE
database, a total of 105 countries in the world imported crude oil from other countries
in 2019, of which 61 countries imported crude oil from the USA. The USA’s coverage of
all crude-oil-importing countries reached 58.1%, while the Russian Federation and Saudi
Arabia, which are ranked second and third, only export crude oil to 42 and 35 countries,
respectively. This makes it difficult for the USA to generate new export destinations quickly.
Second, the shale oil revolution in the USA has made crude oil cheaper and more attractive
to importing countries than traditional exporters, and it is less likely that other crude oil
exporters will capture a share of USA exports.

4.3.3. Geopolitical, Economic, and Social Emergencies Have a Significant Impact on Crude
Oil Security

In the past 20 years, geopolitical and economic and social emergencies have signifi-
cantly impacted crude oil prices and the security of the crude oil supply. For example, the
Iraq War in 2003, the Arab Spring in 2011, and the Russia–Ukraine war in February 2022
were all international geopolitical events that directly led to a significant increase in oil
prices and raised energy security issues for countries around the world; the global financial
crisis in 2008 and the European debt crisis in 2010 were oil price fluctuations caused by
economic crises; and the COVID-19 pandemic, which is ongoing, has led to crude oil price
volatility due to unexpected health events. Currently, the Russia–Ukraine war is attracting
a high level of international attention. It has generated a series of economic and social
emergencies relevant to the future development of the international crude oil competition.
In 2020, the Russian Federation’s crude oil exports accounted for approximately 11.5%
of total global exports, with 22 billion kilograms of crude oil exported to 42 countries,
with a total value of over USD 74.3 billion [42]. Although the forecasting model cannot
predict the Russian Federation’s competition in the future, as a non-negligible player in
the international crude oil trade, the Russian Federation is facing a policy of economic
sanctions by the West that could lead to the failure of monetary payments for crude oil [53],
higher oil prices [54], and the shelving of energy cooperation [55]. This could cause the
Russian Federation to lose part of its crude oil exports in the West, especially in Europe.
In order to reduce the impact of economic sanctions, there is a possibility that the Russian
Federation will shift its target market for crude oil exports in the future and instead export
crude oil to non-restricted countries, which may create new export competition between
former exporters of these countries and the Russian Federation. There is no doubt that
the Russia–Ukraine war will have many implications for the competitive landscape of the
international crude oil trade.

5. Conclusions and Recommendations

This paper offers a complete account of the impact of geopolitical and economic
development factors on the evolution of the competitive landscape of crude oil trade.
It draws general conclusions on the current state of the competitive landscape and its
evolutionary characteristics. On this basis, we forecast the future evolution of import and
export competition in the crude oil trade. The conclusions are summarized as follows.

(1) The crude oil import competition evolution is mainly influenced by economic devel-
opment. The rise of developing countries’ economies has shifted the core of crude oil
import competition from Europe and the USA to the Asia–Pacific region. The import
competition will mainly be concentrated in Latin America and Africa. The core of com-
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petition for crude oil imports has shifted along with the general world development
pattern of “developed regions—sub-developed regions—developing regions”.

(2) The crude oil export competition evolution is heavily influenced by geopolitics. It
is particularly sensitive to the crude oil trading activities of the USA. The export
competition will take shape between traditional and emerging exporters. The main
route of the shift in the core of crude oil export competition is “traditional crude oil
exporters—traditional crude oil exporters and emerging crude oil exporters”, which
seems to be in line with the general development pattern. The current and future
shift in the core of export competition should be more rationally described as “crude
oil endowment areas—crude oil endowment areas and crude oil deficit areas”. With
the US exporting large volumes of crude oil as the starting point for the shift, more
exporters may be subject to similar export shocks in the future. The international
crude oil export competition should receive more attention.

(3) In future crude oil trade competition, the USA is likely to show the opposite of its
past actions. The USA has seen a reduction in the intensity of import competition
and an increase in export competition over the past 20 years, with many new export
competitive relationships. However, projections of potential competitive relationships
indicate that the USA will have import competition with neighboring countries and
that no new export competition will arise.

(4) The Russia–Ukraine war may lead to the withdrawal of the Russian Federation from
some crude oil export markets in favor of new crude oil export markets, generating
new export competition, which could lead to a series of problems, such as the secu-
rity of the energy supply for some countries and the difficult economic situation of
developed capitalist economies after the crisis.

In conclusion, crude oil trade competition is a complex network of economic, political,
cultural, and military factors. Each country has to adopt the most reasonable crude oil
policy according to the changes and prognosis of the competitive landscape. In summary,
this paper makes three recommendations as follows.

(1) For crude oil importers, it is vital to ensure the security of the national energy supply.
Firstly, it is necessary to improve crude oil utilization rates, promote the diversifica-
tion of import sources, and reduce the risk of being constrained by other countries;
secondly, it is necessary to invest heavily in and research and develop clean energy,
promote a cleaner and more diversified energy consumption structure, and foster
energy self-sufficiency. Third, we must vigorously pursue policies to liberalize the
energy market, lift price controls on some energy sources, and work to create a pol-
icy environment that is fully competitive and encourages private investment and
technological progress.

(2) For crude oil exporters, it is vital to safeguard national economic and social security.
First, they should vigorously develop the midstream and downstream industrial
chains of crude oil, increase the added value of crude oil exports, and optimize and
upgrade their industrial structure, especially for countries whose fiscal revenue and
economic structure are highly dependent on crude oil exports, which will definitely
cause domestic economic crisis once they are subject to energy sanctions; second, they
should establish good diplomatic relations and promote the continuous expansion
and deepening of energy cooperation with crude oil importing countries.

(3) For each crude oil trading country, it is important to advocate for a fair and free
multilateral trading system, resist oil hegemony and energy sanctions, and build a
benign and healthy international crude oil trading environment. From the Middle
East, which has monopolized the oil market in the last century, to the United States,
which has become increasingly energy-independent in the 21st century, to the current
energy sanctions and crude oil supply crisis triggered by the Russia–Ukraine war,
they have all had a huge impact on the global crude oil market. The threat of oil
hegemony seems to have been hanging over the crude oil market, seriously hindering
the energy autonomy of countries and international energy cooperation, while energy
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sanctions are not a scientific and reasonable solution means. Countries should resolve
international trade disputes in a peaceful and developmental manner, based on the
principle of mutual benefit.
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