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Abstract: The oil system security in a country or region will affect its sustainable development
ability. China’s oil security has risen to the national strategic level. It is urgent to construct an
early warning indicator system to reflect the oil security level accurately, as well as to diagnose and
assess the oil system status effectively and put forward the corresponding proposals for ensuring
oil security. An early warning indicator system of China’s oil system covering 23 sub-indicators
from three aspects, i.e., resource security, market security and consumption security, was constructed
using the SPSS (Statistical Product and Service Solutions) factor analysis method. It shows that
China’s oil system safety level has been seriously threatened and is generally declining. However,
due to the strong introduction of energy policies and increasing energy utilization technology in
recent years, the increasing proportion of new energy, renewable energy and oil substitutes eases the
energy security threats. In response to complex oil security issues, the Chinese government needs to
strengthen macroeconomic regulation and control at the policy level continuously, increase efforts
to explore resource reserves, upgrade energy conservation and emission reduction technologies,
develop new alternatives for oil products, and reduce the dependence on international oil imports.
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1. Introduction

As an important pillar of national economy development, energy has been involved in many
fields such as industry, building, agriculture, transportation, commerce and the service industry and
residential life. It is of strategic significance to maintain energy security for social and economic
development. As the largest energy consumer in the world, China accounted for 23% of global
energy consumption in 2016 [1,2]. Coal still dominates and oil is the second largest source of energy
consumption in China. In order to cope with the complicated situation of the international energy
market, China must ensure a stable energy system [3]. From an international trade perspective, energy
import demand grows rapidly in China [4,5]. Since March 2017, China has become the world's largest
importer of crude oil. Growing oil imports has greatly increased the uncertainty of energy security [6].
With the rapid development of China’s economy, the demand for oil will still increase in the future.
Since China’s oil consumption growth rate is higher than the oil production growth rate [7], this has
greatly threatened China’s oil security. According to the China Statistical Yearbook [8], China’s oil
consumption was 551.62 million tons in 2015, accounting for 18.1% of total energy consumption.
The oil system is taken as an example to study China’s energy early warning system. By setting up an
indicator system and building a comprehensive evaluation model, the trend of China’s oil security
development and the main factors restricting oil security are analyzed. The related conclusions can
provide reference for the government to guard oil system security.
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A sound and reliable indicator system is the basis of systematic assessment. The quantitative
evaluation of indicators can be used to assess and compare the energy security level [9,10]. At present,
there is still no standardized method for an energy early warning indicator system. Chalvatzis and
Ioannidis [11] found that finance was an important means of ensuring energy access. Improved supply
security could be strengthened further if financial resources were directed towards innovation for
renewable energy sources. Narula et al. divided the energy system into the three subsystems of
supply, conversion distribution, and demand. Then an assessment of India’s renewable energy
security was conducted [12,13]. Hippel et al. built a Northeast Asia energy security indicator
system based on an energy—economy—environment system [14]. The indicator system covered six
dimensions, i.e., energy supply, economy, technology, environment, social culture and the military.
Vivoda incorporated the energy security assessment framework into energy security policies and other
dimensions, and extended the assessment system to 12 dimensions and 46 indicators [15]. Sovacool
supplemented Vivoda’s research and built an energy security assessment system with 20 dimensions
and 200 indicators for 20 Asian countries [16]. The International Energy Agency (IEA, 2011) developed
an assessment of 29 indicators from the six energy subsystems of coal, crude oil, petroleum products,
natural gas, hydropower and nuclear power based on the risks and system resilience [17]. Zeng et al.
selected 18 energy security indicators from the three dimensions of economic strength and carbon
intensity, trade balance of energy products, and energy supply security based on the European
Union’s energy policy [18]. Gupta evaluated the overall oil vulnerability index (OVI) based on the
economic status of the importing country and seven indicators that were related to oil supply and
consumption [19]. Chen et al. argued that China's energy early warning system should include five
parts: resource security, production security, using security, transport security, and consumption
safety [20]. From the above literature, the research on energy early warning indicator systems mainly
focused on energy supply, energy storage and energy import, while some researches also involved
national policies, energy consumption and market fluctuations. However, most research took the
whole energy system as the research object, there is barely any research on the oil subsystem. According
to Augutis et al. [9], energy security research mainly focused on two methods, i.e., indicator system
construction and indicator system evaluation. In indicator system evaluation, the main evaluation
methods were the fuzzy analytic hierarchy process [21,22], DEA (data envelopment analysis) data
model analysis [23], cluster analysis [24], principal component analysis [25], and so on. Ren and
Sovacool [26] used a fuzzy analytic hierarchy process to rank the factors affecting China’s energy
security. Wang et al. applied a fuzzy analytic hierarchy process to obtain investment decisions in
eco-industrial parks [10]. They also used DEA data model analysis to evaluate the efficiency of an
eco-industrial chain [27]. Mayer et al. integrated a series of social and environmental factors reflecting
the state of water resource in the Great Lakes basin using cluster analysis [28]. Neri et al. applied
cluster analysis to an input-state—output indicator framework to assess the long-term performance
of the economy in different countries [29]. Radovanovi¢ et al. analyzed a new energy security
based on geographic economy by principal component analysis [30]. Erahman et al. used principal
component analysis to validate Indonesia’s energy security system [31]. The methods above have
their own advantages and disadvantages. Since a large amount of indicators and information are
required, it is sensible to use factor analysis to reduce multiple indicators into a few common factors
through dimensionality reduction. The uncertainty and arbitrariness of subjectivity can be ruled out.
Factor analysis was chosen as the method to perform all analyses. It is a good method for weight
determination and comprehensive evaluation.

According to the analysis above, oil security is influenced by many factors such as including
supply, resource, production, consumption, economy, etc. There is no standardized indicator system
currently. Hence, the oil security early warning indicator system must be constructed from a systemic
perspective. It is analyzed from three aspects, i.e., resource, market and consumption. The safety
development trend of the oil system is diagnosed and evaluated by factor analysis on the basis of
a reasonable evaluation indicator system. By analyzing the drivers and constraints affecting the oil
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subsystem and overall system, the intrinsic mechanisms of their interaction with each other is revealed,
which can give some suggestions and countermeasures for the development of oil system security.
This paper consists of five parts. The second section includes the construction of an oil early
warning indicator system and model construction based on factor analysis. The third section is the
calculation results, calculated from three dimensions respectively. The fourth section is discussion
analyzing the security level of China at present. The fifth section is conclusions and suggestions.

2. Oil Early Warning Model Construction

2.1. Construction of the Oil Early Warning Indicator System

The construction of the oil system early warning indicator system aims to obtain highly reliable
trends of oil security through mathematical analysis and comparison with representative index data.
Since there is no widely acknowledged standard system currently, in order to ensure that the calculation
results are objective and scientific, the index system was constructed as follows: Firstly, we ensured the
systematic and complete construction of the indicator system. Based on the literature [6,15,32,33] and
the characteristics of the oil system, the indicator system is constructed from three aspects, i.e., resource
security, market security and consumption security. Secondly, indicators are selected according to
reliability. (1) Ensuring that the indicator is easy to quantify and obtain. (2) Using quantitative
indicators as much as possible in order to rectify the uncertainty brought by qualitative indicators.
(3) Applying recognized methods to evaluate the indicator system to avoid the uncertainty of outputs.
Based on this analysis, factor analysis is adopted for evaluation. A total of 23 indicators were selected
to construct the oil early warning system of China from 2001 to 2015. Statistical data and indicator
explanations are shown in Tables 1 and 2.
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Table 1. Oil early warning indicator system and the interpretation of each indicator.

Element Indicator Abbr. Unit Meaning Indicator Source Data Source
PropoFtlon of oil reserves in the world Ry % Domestic oil recoverable reserves/world oil recoverable reserves [34] [1]
total oil reserves
Reserve-production ratio Ry % Domestic oil remaining recoverable reserves/domestic oil production [14,35,36] [1]
China’s oil reserves per capita R3 t/person Domestic oil reserves/domestic population [14] [8]

' Oil production growth rate R % FArmual oil producthn — the prqductlon Qf the previous year [14] o
Resource security increments)/ the previous year oil production
Prop 0rft10n of oil production in the world Rs % Domestic oil production/world oil production [34] [1]
total oil reserves
Reserve replacement rate Re % Nevyly verified oil recoverable reserves/current annual consumption [19,34] [37]
of oil reserves
Efficiency of oil process and conversion Ry % Qil processing conversion output/oil processing conversion input [36] [8]
Proportion of oil production Rg % Qil production/China’s total energy production [19] [8]
International oil price M; USD /barrel Current price of oil [38,39] [1]
International oil price volatility rate M, % (Current price of oil — base period oil price)/base period oil price [40,41] [1]
Supply and demand balance ratio M; % China’'s total oil supply/China’s total oil consumption [35,39] [8]
Import dependence rate M, % (Domestlc 011' imports — domestic oil exports)/domestic [14,19,41] 18]
. oil consumption
Market security
Import source concentration rate Ms % Sum of top 5 countries or regions oil imports/total imports [14,34] [42]
gonsumptlon of oil imports to GDP(gross Mg % GDP consumed by domestic oil imports/current GDP [19,43] [8]
omestic product)
QOil import share My % Oil imports/international market oil trade [14,41] [1,8]
- - Indicators for measuring changes in ex-factory prices and changes in )
Oilindustry price index Ms the prices of industrial products [14] 8l
Proportion of consumption Cy % Qil consumption/total energy consumption [19,35] [8]
Qil consumption intensity Cy t/RMB Domestic oil consumption/domestic GDP [19,38] [8]
Qil consumption elasticity coefficient Cs % Qil consumption growth rate/GDP growth rate [44] [8]
' . Oil consumption growth rate C % Culgrent year’s oil consumption growth/last year’s oil consumption x [35,39] 18]
Consumption security 100% — 1
. . (1 — current annual oil consumption per unit of GDP/the previous =
9 4
Oil saving rate G o year’s oil consumption per unit of GDP) x 100% 4] 8l
Ratio of oil production growth rate to o . . . )
consumption demand growth rate Ce o Qil production growth rate/consumption demand growth rate [46] [8]
Oil share of primary energy consumption Cy % Annual oil consumption/total annual primary energy consumption [19,34] [8]
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Table 2. 2001-2015 China oil early warning system indicators statistics.

Indicator 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Ry 0.023 0.017 0.021 0.014 0.013 0.013 0.013 0.012 0.011 0.011 0.009 0.010 0.011 0.011 0.011
Ry 19.90 14.80 19.10 13.40 12.10 12.10 11.30 11.10 10.70 9.90 9.90 11.40 11.90 11.90 11.70
Rs 1.880 1.888 1.882 1.916 1.904 2.099 2144 2.176 2210 2.367 2.404 2461 2475 2.510 2543
Ry 0.017 0.012 0.016 0.024 0.046 0.019 0.008 0.019 —0.002 0.071 —0.001 0.020 0.015 0.007 0.015
Rs 0.046 0.048 0.048 0.045 0.046 0.047 0.048 0.048 0.049 0.052 0.051 0.050 0.050 0.050 0.049
R¢ 3.176 4.248 2.946 3.464 3.649 2.807 3.303 3.592 2918 2.494 3.019 3.180 2.161 2.007 2.067
Rz 0.976 0.967 0.964 0.965 0.969 0.969 0.972 0.962 0.967 0.970 0.974 0.971 0.977 0.975 0.976
Rg 159 153 13.6 122 113 10.8 10.1 9.8 9.4 9.3 8.5 8.5 8.4 8.4 8.5
M 25.93 26.16 31.07 41.49 56.59 66.02 72.20 100.06 61.92 79.45 95.04 94.13 97.99 93.28 48.71
M, —0.146 0.009 0.188 0.335 0.364 0.167 0.094 0.386 —0.381 0.283 0.196 —0.010 0.041 —0.048 —0.478
M3 1.014 1.005 1.015 1.013 1.000 1.002 1.000 1.000 1.002 1.002 1.006 1.001 1.000 1.001 1.001
My 0.309 0.328 0.393 0.475 0.439 0.482 0.504 0.538 0.566 0.575 0.605 0.611 0.602 0.617 0.625
Ms 0.606 0.608 0.592 0.601 0.611 0.643 0.613 0.636 0.612 0.571 0.580 0.590 0.600 0.600 0.600
Mg 0.010 0.010 0.013 0.020 0.024 0.028 0.028 0.033 0.019 0.026 0.031 0.028 0.025 0.024 0.023
M7 0.054 0.062 0.075 0.093 0.091 0.101 0.107 0.117 0.135 0.157 0.167 0.172 0.182 0.190 0.196
Mg 100 94.6 112.7 134.8 175.0 213.6 217.8 266.0 175.5 2419 301.1 299.3 286.8 277.0 173.7
Cy 21.2 21 20.1 199 17.8 17.5 17 16.7 16.4 17.4 16.8 17 17.1 174 18.1
C 206 x 107 205x107° 204x10° 216x107° 1.99x107° 190x107° 175x107° 1.62x107° 152x107° 158x107° 149x10° 145x107° 141x10° 136x10"° 135x107°
Cs 0.210 0.913 0.943 1.670 0.234 0.563 0.360 0.181 0.308 1.405 0.305 0.675 0.583 0.505 0.936
Cy 0.017 0.083 0.094 0.169 0.027 0.072 0.051 0.018 0.029 0.149 0.029 0.053 0.045 0.037 0.065
GCs 0.061 0.007 0.005 —0.061 0.078 0.049 0.080 0.072 0.059 —0.039 0.060 0.024 0.030 0.034 0.004
Cs 0.952 0.146 0.174 0.139 1.732 0.265 0.163 1.095 —0.081 0.480 —0.025 0.373 0.323 0.193 0.230

Cy 0.231 0.229 0.217 0.215 0.192 0.189 0.184 0.182 0.179 0.192 0.183 0.188 0.190 0.196 0.208
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2.2. Model Construction Based on Factor Analysis

The general idea of factor analysis is to look for a few public or common factors that dominate
multiple indicators with little or no loss of original variable information [47-49]. The modeling process
is as follows:

Suppose there are m common factors and p variables. The factor model is as follows:

X1 =anF +apkh+ - +a1,Fn + €1
Xy =anF +apkh+- - +ay,Fy + e

Xp=aph +apF+ -+ apmFm + €p
Equation (1) can be abbreviated as:
X =AF+g¢, (2)

m <p; F, B, -, Fy, are uncorrelated and the variances are 1; €1, €3, - - - , € are uncorrelated and
the variances are different. Among them, A is a factor load matrix, F is the common factors or the main
factors of x, and ¢ is the special factors.

(1) Data forward processing

Transfer the negative indicators in Table 1 into positive indicators by a certain method to eliminate
the weakening of the positive and negative indicators during evaluation so that the evaluation
result is closer to the actual status.

(2) Data standardization

If there is a forward data matrix X’ = (Xi, X, X;,) = (X;]) , where 1 is the sample size

nxp
and p is the number of evaluation indicators. xgj is the normalized value of the i-th sample of the
j-th indicator. The standard data transformation method is:

x1]: (121,2,,71,]:1/2//;7)’ (3)

n
Z xj; = mean of xj;, 4)

= standard deviation of x;j, )

(3) Determine the main factors
(@ Calculate the factor correlation coefficients and establish the correlation coefficient matrix
The principal component factor is determined after processing and standardizing the sample
data. The correlation coefficient matrix of the standardized sample data is:
rm T o Tip
R— | ™ T2 - Tz (6)

'pt Tpr -o0 Tpp
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1 n
rij =1 l; XiiXij, @)

@ Correlate eigenvalues and eigenvectors of the correlation coefficient matrix R

Use an iterative method to solve p non-negative eigenvalues A; > A >,--- > A, of eigenvalue
|R — AI| = 0. There is an eigenvalue equation that can find the eigenvector u; corresponding to
eigenvalue Ay.

Ur Uiz - Uy
Upp Uy -+ U

U= (uuz-cup) = 70 7 ®
Upt Up2 -+ Upp

(® Calculate the variance contribution rate, select factor m

Factor analysis generally use m (m < p) main factors instead of p main factors. The value of m is
based on the cumulative variance contribution rate.

The variance contribution rate of the k-th indicator is &), = pA" . The cumulative variance
Aj
e
. . . . N m )\
contribution to the m-th indicator is }, —-.
i=1 ¥ A
i=1

When the cumulative variance contribution rate > 75%, the number of indicators is the value of
the main factor m.

Take the first m eigenvalues and the corresponding eigenvectors to find the main factor load
matrix:

a1 ax e Ay U VA unAy o UiV Am
R T T U1/ A1 uppAy o Uy Ap

Llpl ﬂpz o Opm ”pl\/)\l upzx/)tz upm\//\m

, ©)

® Implement maximum variance orthogonal rotation on A.

The purpose of rotating the factor load matrix is to simplify the factor load matrix. Thus the
coefficients diverge between the poles zero and one to explain the main factor. There are many
ways to rotate the factor load matrix. In this study, the orthogonal rotation method with the
largest variance is chosen.

(B Calculate the score of each factor
According to the factor scores coefficient matrix and standardized data determined by step @),
the main factors can be expressed as a linear combination of indicator variables:

Fi = Binx1 + Bioxo + Pisxz + - - - + BipXp, (10)

3. Calculation and Discussion

3.1. Main Factor Analysis of Resource Security

SPSS 19.0 was used for analysis. The factor calculation results of resource security are shown in
Tables 3 and 4. According to Table 3, the cumulative variance contribution rate of the first two factors
reaches 75.651%, indicating that the first two factors basically express the information reflected by the
eight indicators.
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Table 3. Total variance explanation of resource security in oil early warning system.

The Initial Eigenvalues Extracting Square Loaded Rotating Square Loaded
F . Cumulative . Cumulative . Cumulative
actor Variance Variance Variance Variance Variance Variance
Totals Contribution o Totals  Contribution P Total Contribution P
Rate (%) Contribution Rate (%) Contribution Rate (%) Contribution
Rate (%) Rate (%) Rate (%)
1 4.603 57.542 57.542 4.603 57.542 57.542 4.165 52.057 52.057
2 1.449 18.109 75.651 1.449 18.109 75.651 1.888 23.594 75.651
3 0.978 12.222 87.873
4 0.469 5.863 93.736
5 0.391 4.892 98.628
6 0.066 0.828 99.456
7 0.032 0.395 99.851
8 0.012 0.149 100.000

Table 4. Rotational component matrix of resource security in oil early warning system.

Factor
Indicators
1 2
Ry 0.969 0.042
R, 0.946 0.189
R3 —0.827 0.522
Ry —0.134 —0.381
Rs —0.712 0.356
Rg 0.442 —0.744
Ry —0.185 0.843
Rg 0.945 —0.203

As shown in Tables 3 and 4, the first common factor F,; of the resource security element accounts
for 57.542% of the total variance. After rotation, it accounts for 52.057%. According to Sun et al. [50],
the cut off value was chosen as 0.6, so F,1 is mainly related to Ry, Ry, R3, R5 and Rg. Among them, Ry,
R, and Rg have a positive correlation with F,1, while R3 and Rs have a negative correlation. It shows
that oil reserve capacity is an important factor to ensure oil resource security. Thus, the first common
factor F,; was named as oil reserve factor. This is in line with Su et al. [51], who argued that it was
urgent to strengthen China’s strategic reserve to improve China’s oil supply security. As China is short
of oil, R3 and R5 are lower than the world average level. This is the main objective factor restricting the
development of China’s oil economy. Hence both R3 and Rshavenegative correlations with F,q, which
is also in line with the actual development of China’s oil industry. The second public factor F;; accounts
for 18.109% of the total variance and it accounts for 23.594% after rotation. It is mainly related to Rg
and Ry. The reserve replacement rate and efficiency of oil process and conversion can represent the
development capability of China’s oil industry. The second common factor F,, is named the sustainable
development factor. Because of the positive correlation between Ry and F,,, improving oil processing
conversion efficiency is one of the most important ways to improve oil resource security under the
premise of the lack of oil resources in China. The Chinese government has realized the importance
of this aspect, so it keeps increasing the investment in oil technology and continuously plays an
important role in the sustainable development of China’s oil industry. Feng and Wang [52] found that
during the 11th and 12th five-year periods, the technologies emphasized and promoted by the Chinese
government had yielded positive results in the energy innovation of sustainable development.

3.2. Main Factor Analysis of Market Security

The factor calculation results of market security are shown in Tables 5 and 6.
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Table 5. Total variance explanation of market security in oil early warning system.

The Initial Eigenvalues Extracting Square Loaded Rotating Square Loaded
Factor Variance Cumulative Variance Cumulative Variance Cumulative
Totals  Contribution Varl.a nee Totals Contribution Varl.a nee Total Contribution Varl.a nee
Rate (%) Contribution Rate (%) Contribution Rate (%) Contribution
Rate (%) Rate (%) Rate (%)
1 4.661 58.260 58.260 4.661 58.260 58.260 4.643 58.037 58.037
2 1.679 20.984 79.244 1.679 20.984 79.244 1.697 21.207 79.244
3 1.148 14.345 93.589
4 0.290 3.624 97.213
5 0.138 1.726 98.939
6 0.069 0.858 99.797
7 0.015 0.192 99.989
8 0.001 0.011 100.000

Table 6. Rotational component matrix of market security in oil early warning system.

Component
Indicators
1 2
M; 0.972 0.094
M, 0.137 0.836
M3 —0.739 0.022
My 0.889 —0.383
Ms —0.087 0.550
Mg 0.858 0.471
My 0.807 —0.563
Mg 0.973 0.019

According to Tables 5 and 6, the cumulative variance contribution rate of the first two factors
reaches 79.244%, indicating that the first two factors can basically express the information reflected by
the eight indicators. The first common factor F,,; is mainly related to M, M3, My, Mg, M7 and Mg, so it
belongs to comprehensive factor. Among them, M3 has a negative correlation with F,,;. The balance
between oil supply and demand is a basic indicator for evaluating oil security level. A serious
imbalance will be harmful to the sustainable development of the oil market. The balance between oil
supply and demand is mainly determined by market price. Thus Mg occupies the highest coefficient of
0.973. Thus the oil industry price index has the greatest impact on F,,;. This factor determines the level
of market-oriented consumption prices and becomes another major factor affecting the market balance
between supply and demand. The second common factor F;; is mainly related to Mj. It is named the
oil price factor. For oil importing countries, the higher the price of oil, the higher the cost of import is,
and the lower the safety is.

In conclusion, the analysis of the two main factors above shows that China’s oil system safety is
closely linked to the oil price, which is in line with Lin and Chen’s findings [53]. They suggested that
it was urgent for China to reform an energy pricing mechanism in order to solve resource shortage
and environmental cost problems. The Chinese government has also promulgated relevant policies,
i.e., the “Measures by the Central Government on Transfer Payment of Local Refined Oil Prices and
Taxes” [54], for further regulation of refined oil prices [55], to ensure market supply and maintain
market order. In addition, Geng and Ji [40] thought that since China had become the world’s largest
oil importer and had been greatly affected by the international oil market, such dependence would
greatly reduce the safety of China’s oil system.

3.3. Main Factor Analysis of Consumption Security

The factor calculation results of consumption security are shown in Tables 7 and 8.
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Table 7. Total variance explanation of consumption security in oil early warning system.

The Initial Eigenvalues Extracting Square Loaded Rotating Square Loaded
Factor Variance Cumulative Variance Cumulative Variance Cumulative
Totals  Contribution Varl.a nee Totals Contribution Varl.a nee Total Contribution Varl.a nee
Rate (%) Contribution Rate (%) Contribution Rate (%) Contribution
Rate (%) Rate (%) Rate (%)
1 3.783 54.047 54.047 3.783 54.047 54.047 3.057 43.669 43.669
2 2.023 28.901 82.948 2.023 28.901 82.048 2.750 39.279 82.948
3 0.760 10.860 93.808
4 0.409 5.840 99.648
5 0.017 0.249 99.896
6 0.006 0.087 99.984
7 0.001 0.016 100.000

Table 8. Rotational component matrix of consumption security in oil early warning system.

Factor
Indicators
1 2
Cy 0.177 0.949
Cy 0.004 0.874
(@) 0.951 0.242
Cy 0.911 0.259
Cs —0.940 —0.240
Ce —0.599 0.324
Cy 0.221 0.893

According to Tables 7 and 8, the cumulative variance contribution rate of the first two factors
reaches 82.928%, indicating that the first two factors basically express the information reflected by the
seven indicators. The first common factor of the consumption security element is mainly related to
C3, C4 and Cs. Among them, C3 and Cy4 have a positive correlation with F.;, while C5 has a negative
correlation. Cs is the key indicator affecting F.;. All these three indicators reflect the comparison
between the current year’s oil consumption and the previous year’s. Hence the first common factor
F.1 is named the consumption growth factor. At present, there are two main ways for China to
control Cs. One is to increase the efficiency of oil usage; another one is to use oil substitutes to reduce
consumption. The oil substitutes mainly include the following three aspects, i.e., firstly, automotive
gas, methanol gasoline, ethanol gasoline, biodiesel and other alternative vehicle gasoline and diesel
fuel; secondly, pure electric vehicles, hybrid vehicles and other energy-saving and new energy vehicles;
thirdly, petrochemical products replaced by coal-oil and coal polyethylene. Li et al. [7] found that
with the improvement of China’s new energy technology and alternative fuels, the intensity of oil
consumption was gradually decreased. The data from the China Statistical Yearbook 2016 [8] also
confirm Li’s conclusion. The proportion of oil in primary energy has shown a declined trend since 2000.
The second common factor F,; is mainly related to C;, C; and Cy, so F,; is named the consumption
weight factor. It is closely related to GDP (Gross Domestic Product) and the growth rate of GDP [7].
In 2016, China’s annual GDP was 74,412.7 billion RMB (Chinese currency) and its GDP growth rate
was 6.7%. However, energy consumption structure has been further optimized [56]. The energy
consumption per unit of GDP decreased by 5% on a year-on-year basis, and its non-fossil energy
consumption reached 13.3%, increased by 1.3%. Wang et al. believed that as a result of urbanization,
the transformation of the energy consumption structure was inevitable [57,58]. The energy structure
should be continuously optimized by reducing consumption intensity and developing new renewable
energy [59]. China is in the rapid urbanization stage. An important way to improve oil system security
is by developing new energy and renewable energy to reduce the oil consumption intensity.

3.4. Comprehensive Evaluation of the China Oil Early Warning System

The factor calculation results of the China oil system are shown in Tables 9 and 10.
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Table 9. Total variance explanation of China oil early warning system.

11 0f 17

The Initial Eigenvalues

Extracting Square Loaded

Rotating Square Loaded

F . Cumulative . Cumulative . Cumulative
actor Variance Variance Variance Variance Variance Variance
Totals  Contribution P Totals Contribution P Total Contribution P
Rate (%) Contribution Rate (%) Contribution Rate (%) Contribution
Rate (%) Rate (%) Rate (%)
1 11.417 49.641 49.641 11.417 49.641 49.641 10.461 45.485 45.485
2 4.081 17.745 67.386 4.081 17.745 67.386 4.260 18.521 64.006
3 3.140 13.652 81.038 3.140 13.652 81.038 3.917 17.032 81.038
4 1.433 6.230 87.267
5 1.008 4.381 91.649
6 0.641 2.789 94.437
7 0.438 1.903 96.340
8 0.337 1.466 97.806
9 0.316 1.375 99.181
10 0.087 0.378 99.559
11 0.053 0.232 99.792
12 0.027 0.116 99.908
13 0.016 0.071 99.979
14 0.005 0.021 100.000
Table 10. Rotational component matrix of China oil early warning system.
Factor Factor Factor
Indicators Indicators Indicators
1 2 3 2 3 1 2 3
Ry 0.923 0.143 —0.078 M; —0.932 —0.055 —0.129 Cy 0.941 0.057 0.211
Ry 0.909 —0.003  —0.063 M, —0.188 0.834 0.234 C, 0.753 0.616 0.092
Rs —0.748  —0.632 0.077 M; 0.769 0.046 0.280 Cs 0.160 0.006 0.962
Ry —0.133 0.443 0.527 My —0.872  —0.417 0.127 Cy 0.150 0.185 0.938
R5 —0.623 —0.498 0.221 M5 0.071 0.410 —0.602 Cs —0.173 —0.094 —0.955
R¢ 0.372 0.698 —0.162 Mg —0.875 0.355 —0.102 Ce 0.026 0.556 —0.329
Ry —0.130 —-0.717 —0.189 My —0.756 —0.605 0.145 Cy —0.906 —0.103 0.250
Rg 0.928 0.311 —0.029 Mg —-0.922 —-0.135 —0.086
Formulas (11)-(13) can be obtained according to Table 11.
F; = 0.097r1 + 0.105r,— 0.043r3 +- - - — 0.004c5— 0.028¢4 + 0.104c7, (11)
Fy = —0.026r — 0.065r,— 0.1225 +- - - + 0.015¢5 + 0.144cs— 0.085¢;, (12)
Fs = —0.0387,— 0.0387, + 0.022r5 +- - - — 0.242c5— 0.073cg + 0.042¢, (13)
Table 11. Component score coefficient matrix of China oil early warning system.
Factor Factor Factor
Indicators Indicators Indicators
1 2 3 2 3 1 2 3
Ry 0.097 —0.026  —0.038 M; —0.099 0.046 —0.013 G 0.098 —0.044 0.037
Ry 0.105 —0.065 —0.038 M, —0.084 0.249 0.085 Cy 0.041 0.121 0.021
R3 —0.043 —0.122 0.022 M3 0.078 —0.033 0.056 Cs —0.004 0.014 0.247
Ra —0.058 0.145 0.151 M,y —0.074  —0.052 0.043 Cy —0.017 0.064 0.245
Rs —0.042  —0.090 0.060 M5 —0.006 0.094 —0.148 Cs —0.004 0.015 —0.242
Re —0.002 0.164 —0.034 M, —0.122 0.156 0.002 Ce —0.028 0.144 —0.073
Ry 0.039 —0.194  —0.063 M; —0.048 —0.112 0.041 Cy 0.104 —0.085 0.042
Rg 0.085 0.022 —0.022 Mg —0.094 0.024 —0.004

The variance contribution rates of the factor load matrix after rotation are the factor weights. Thus
the final factor equation is as followed:

F=0.455 x F1 +0.185 x Fy + 0.170 x F3,

(14)

The comprehensive factor score is calculated according to Formula (14). The results are shown in
Table 12 and Figure 1.
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Table 12. Score of China oil system security evaluation factors from 2001 to 2015.

Year F; F, F; F Rank
2001 2.147 —0.476 —-1.111 0.700 4
2002 1.502 0.228 0.227 0.764 3
2003 1.446 0.107 0.661 0.790 2
2004 0.705 0.975 1.936 0.830 1
2005 —0.117 1.675 —0.848 0.133 5
2006 —0.198 0.752 —0.459 —0.029 7
2007 —0.326 0.314 —-0.771 —0.211 8
2008 —0.952 1.582 —1.108 —0.313 10
2009 —0.178 —0.699 —0.819 —0.350 11
2010 —0.942 0.319 2.247 0.012 6
2011 —0.916 —0.514 —0.273 —0.558 15
2012 —0.885 —0.281 0.185 —0.423 12
2013 —0.748 —0.875 —0.078 —0.516 13
2014 —0.611 —1.195 —0.191 —0.532 14
2015 0.073 —-1.912 0.312 —0.268 9
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1.5 4 F3
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Figure 1. The trend of China oil system security evaluation from 2001 to 2015. (a) A line chart according
to composite factor scores which shows annual changes in security level; (b) Fitting curves according
to annual scores which show the trend China oil security level.
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Most of the variables in Table 10 show obvious polarization in the three common factors [60].
The first common factor F; accounts for 49.641% of the total variance. After rotation, it accounts for
45.485%. F; is related to most of the indicators, so it is named a comprehensive factor. In order to
improve oil system security, it should give priority to improving F;. The second common factor Fp
accounts for 17.745% of the total variance and it accounts for 18.521% after rotation. F; is mainly
related to Ry and M. Among them, M, has a positive correlation with F;, while Ry has a negative
correlation. Wang and Kong [61] believed that the oil processing conversion efficiency in China had a
great impact on economic development. There was a strong linear relationship between them. Thus,
the second principal component factor F, can be named the economic price factor. The third common
factor accounts for 13.652% of the total variance and after rotation, it accounts for 17.032%. F3 is mainly
related to C3, C4 and Cs. Among them, C3 and C4 have a positive correlation with F3, while Cs has
a negative correlation. So F3 can be named as oil consumption factor. The three main factors above
are similar to the factor analysis results in Sections 3.1-3.3. It shows that except for China’s own
conditions for oil storage, all factors are closely related to government policy guidance. The studies of
Yao and Chang [62,63] came to the same conclusion that China’s macroeconomic policy would affect
China’s energy security evolution. The government should step up the implementation of policies
and ensure the safety and stability of the entire oil market through macro control. On 13 May 2017,
the “Opinions on Deepening the Reform of the Oil and Gas System” issued by the State Council [64]
clearly pointed out that it was necessary to promote the sustainable and healthy development of the
oil and gas industry through reform. The government is supposed to increase the proved reserves of
resource and continuously improve the resource allocation efficiency to ensure supply safety of oil and
gas resources.

During the period of 2001-2015, China’s oil security system declined in a long-term trend (Table 12
and Figure 1). Despite several minor fluctuations during the period, the overall threat level of system
safety is increasing. Among them, the trend of curve F and curve F; are basically the same. It shows
that Fy is the key factor that affects F with the highest weight. Curve F, shows a continuously declining
trend in general. This is an important issue for the Chinese government, namely how to reduce the
influence of economic prices on the oil security system effectively. Although the curve F3 is declining
overall, it shows a gradual upward trend during 2008-2015. It shows that the impact of this factor
on the overall oil system security has been effectively controlled through the efforts of the Chinese
government. The “12th Five-Year Period” (2011-2015) is a crucial period for the Chinese government
to readjust its economic structure and transform its economic development pattern. During this
period, the overall safety level of the oil system has been on an upward trend, because the indicator
Mg with load value of —0.875 in the first main factor decreases year by year. This reflects that the
pressure on oil imports has been reduced and the domestic oil system has been safeguarded. Also,
it is closely linked with the active development of new and renewable energy, the improvement of
oil extraction and utilization technologies and encouragement for using oil substitutes. In addition,
Zhao et al. [65] believed that the current Chinese traditional energy policies, i.e., improving energy
production efficiency and improving production technology, were still important measures to reduce
energy consumption. Consumption policies should focus on adjusting the consumption structure
according to the proportion of different products in final demand. China should continue to step up
the implementation of relevant traditional policies, i.e., the “13th Five-Year Plan for Comprehensive
Energy Conservation and Emission Reduction”, [66] based on its own economic development rules.
In the meantime, the government should continue to issue a series of policies to encourage the use of
oil substitutes in consumption terminals.

4. Conclusions

Based on a multivariate factor analysis, an early warning system for the oil sector covering 23
sub-indicators from the aspects of resource safety, market safety and consumer safety was established
to analyze China’s oil system security trend from 2001 to 2015.
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It was found that in order to improve oil security, the Chinese government must strengthen
its awareness of strategic oil reserves, improve energy utilization efficiency and develop new and
renewable energy. Due to the shortage of oil resources in China, it is difficult to ensure the balance of oil
supply and demand by domestic oil production. Since China relies heavily on oil imports, the oil price
is greatly affected by fluctuations in the international oil price. Maintaining market security cannot
be separated from market price control, and the establishment of market price cannot be separated
from government promotion. The consumption security element has a close relationship with the
first two elements, namely reducing oil consumption intensity and optimizing energy consumption
structure. As long as the first two factors are properly controlled, the oil consumption safety issues can
be controlled effectively in China.

The overall level of o0il system security in China showed a declining trend from 2001 to 2015.
The level of threats to the oil system has been constantly increasing. However, during “The 12th
Five-Year Plan” period, the overall level of oil system safety rose. In this period, the Chinese
government took ecological civilization construction as the main criterion for economic development
and promoted sustainable development constantly. The government also tried to stabilize market price
and keep increasing the usage of oil substitutes through the implementation of a series of policies.
It shows that as long as the government formulates the policies properly and strengthens macro-control,
in time China’s oil security will be in a good situation.

Meanwhile, we suggest that the monitoring and early warning of oil system safety is strengthened,
and that investment, equipment and manpower for exploring energy resource reserves are increased.
It is necessary to increase investment in research and development of energy-saving and emission
reduction technologies. More stringent policies should be implemented to ensure market stability,
expand the consumption of oil substitutes, and decrease the dependence on international crude
oil imports.

Qualitative indicators were not selected when constructing the indicator system. A few
quantitative indicators were also not considered due to data acquisition issues. This it will result in a
certain deviation of the final result without affecting the overall evaluation results. The optimization
of the indicator system could be performed in future research.
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