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Abstract - This paper introduces the basic principles of grey relational analysis (GRA) and then applies GRA to explore the 
impact of energy, economic, financial, and population factors on carbon emissions in the environment from 2004 to 2011. The 
results of GRA show that the energy consumption and GDP-related linkage effects are ranked first and second among the four 
factors. This shows that energy consumption and economic growth are closely related to carbon emissions.  Generally, high 
economic growth requires more energy consumption and generates more environmental pollution.  However, the high level of 
economic growth that has been praised in recent years is indeed a commitment to developing a low-carbon economy, investing 
in energy infrastructure, improving energy efficiency, and developing renewable energy, thus reducing carbon emissions while 
developing the economy.  In addition, when foreign direct investment (FDI) ranks third in terms of carbon emissions, it often 
reveals that the country has adopted weak environmental regulations to attract foreign direct investment.  Therefore, the 
government should strengthen environmental protection policies while attracting foreign direct investment. When the 
correlation effect of population size on carbon emissions is relatively low, this means that the population has little effect on 
carbon dioxide emissions.  For a populous country, this shows that the country can use energy-related resources to develop the 
economy very economically. On the whole, a country with an economically rising development can adopt an 
environmentally-friendly financial development policy, increase energy consumption efficiency with energy-saving 
awareness, reduce carbon emissions, and promote green economy growth to achieve sustainable development goals. 
 

Index Terms - Gray relational analysis, FDI, CO2 emissions, Developing countries 
 
I. INTRODUCTION 
 
Over the past few decades, the excessive greenhouse 
gases (GHGs) caused the Earth temperature to become 
warmer, which has become a global threat. Carbon 
dioxide (CO2) accounts for 58.8% of greenhouse gas 
emissions [1, 2]. China is the most populous country in 
the world and the largest country in terms of 
greenhouse gas emissions in recent years. Although 
China's per capita carbon emissions are much lower 
thanin the United States, it is close to the EU average 
[3, 4]. Currently, fossil fuel manufacturing and power 
plants are the main sources of carbon emissions [4]. In 
view of this, the United Nations adopted the Paris 
Agreement at the Climate Summit 2015/12/12 
(COP21), and 195 participating countries agreed to 
control greenhouse gas emissions to reach the global 
average temperature should be limited to less than 2°C 
above pre-industrial levels until 2100, and strive to 
control the target within1.5°C [5]. Therefore, reducing 
the economic growth strategy set by fossil fuels will be 
critical to a global climate strategy to reduce 
greenhouse gas emissions. Kolstad and Krautkraemer 
[6] published a paper on "Natural resource use and the 
environment" in 1993. They believe that although the 
use of resources (especially energy) will produce 
immediate economic benefits, however in the long run, 
it may have a negative impact on the environment. 
While most studiesfocuse on economic development 
and carbon emissions, many articles point out that 
another factor that may determine environmental 
performance is financial development. Frankel and 

Romer [7] found that financial liberalization and 
development may attract foreign direct investment 
(FDI) and higher levels of R&D investment, thereby 
accelerating economic growth and thus affecting the 
dynamics of environmental performance.  Birdsall and 
Wheeler [8] and Frankel and Rose [9] pointed out that 
financial development provides developing countries 
with the kinetic energy and opportunities to use new 
technologies to help them achieve clean and 
environmentally friendly production, thereby 
improving the global environment and enhancing 
regional development sustainability.  In addition, 
Jensen [10] and the World Bank [11] assert that 
although financial development may promote 
economic growth, it may lead to more industrial 
pollution and carbon emissions. Tamazian et al. [12] 
found that higher economic and financial 
developments reduced carbon emissions. Like many 
related studies, This paper uses FDI inflows as an 
indicator of financial development. The massive abuse 
of natural resources on the earth by human beings has 
led to a gradual reduction of non-renewable resources, 
which will affect the Earth's ecological environment in 
the long run. Environmentalists and economists are 
increasingly acknowledging that slowing population 
growth, especially the slowdown in per capita natural 
resource demand, can reduce the pressure on 
environmental degradation and thus allow more time 
to improve living standards on the basis of sustainable 
development [ 13]. In addition, Stern [14] presented a 
key historical record of the Environmental Kuznets 
Curve (EKC). According to him, the EKC argument is 
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not firm on the basis of econometrics. He pointed out 
that the main weaknesses associated with econometric 
estimation, namely heteroscedasticity, ignore variable 
bias and key issues related to cointegration analysis. 
For these reasons and concerns, this article discusses 
the use of GRA to examine whether economic 
development, financial development, energy 
consumption, and population size increase the extent 
of environmental degradation. Deng first proposed 
Grey systems [15], which have been successfully 
applied to engineering prediction and control, social 
and economic system management, and recent issues 
in environmental system decision-making [16, 17, 18, 
19].  GRAY system theory has been validated for 
predicting poor, incomplete and uncertain information.  
Lin et al. use GRA to explore the interrelationship 
between Taiwan's economy, energy and the 
environment [24]. GRA is widely used because of its 
advantages of requiring a smaller number of data items 
to build a model.  The following sections introduce the 
basic principles of GRAY relational analysis (GRA), 
and then use GRA to explore the dynamic correlation 
between energy consumption, real GDP, foreign direct 
investment and population size and CO2emissions, 
and then explain the impact of four factors mentioned 
above tocarbon emissions in the environment. 
 
II. GRA ANALYSIS 
 
GRA's main computational process is to first convert 
all of the features into comparable sequences. This 
step is called GRAY relation generation. Based on 
these sequences, a reference sequence is first defined. 
Then, GRAY relational coefficients between the 
comparable sequences and the reference sequence at a 
certain point in time are calculated, which is also 
referred to as the "point" relationship level. Finally, 
based on these GRAY correlation coefficients, a 
GRAY relationship level between the reference 
sequence and each comparable sequence is calculated. 
A higher GRAY correlation level indicates that the 
comparable sequence is most similar to the reference 
sequence. The calculation process of GRA is shown in 
Fig. 1 [25]. First, GRA compares the time series data 
to the geometric relationships in the relational space. If 
the relative change between the comparable sequence 
and the reference sequence is substantially identical 
during its development, the GRAY relational grade 
between these two is greater, and vice versa [26]. The 
calculation formula of GRA is as follows. 
The event data xj is first expressed as j =1, 2, …, m 
comparable sequences, as shown in Eq. (1): 

  (1) 

Each ofxj(k) is the annual time series data, m is the 
total number of factors, andn is the total time point. 
Use vector normalization to convert series to ensure 
they are all in the same order. The normalized 
comparable sequence xj

* can be expressed in (2): 
(2) 

According to [27], the vector normalization formula 
ofxj

*can be defined as (3): 

(3) 
The GRAYcorrelation coefficient between the 

comparable sequence and the reference sequence

at thekth time point (year) can be calculated 

according to the following formulas (4) and (5): 

  (4) 

where           (5) 

indicates the absolute value of (k)- (k)at 

the kth time point, also and 

are the minimum and 

maximum distances of all factors in all sequences. The 
magnitude of the difference coefficientρis , 

and in general,ρis usually set to 0.5. Then, the GRAY 
correlation level (GRG) can be calculated as: 

  (6) 

where γ1j is the GRAY relational level between and 

. 

ωkis the weightat kth time point, usually depending on 
the judgment of the decision maker or the 
characteristics of the proposed problem. Among them, 
allnweights are equal to 1, . In Eq. (6), each 

weightωkcan be calculated as equal or unequal weights. 
The GRAY relation level of the equal weights can be 
expressed as in Eq. (7). 

      (7) 

Since is a time series, the following index 

smoothing weighting formula uses a set of 
increasing weight values wkaccording to the 
observation time, and theGRAY relation levelof 
increasing weights can be calculated according to the 
following equations (8) and (9). 

    (8) 
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weight formula. γ1j represents the degree of correlation 
between the reference sequence and the jth 
comparable sequence. 

 
Fig. 1: Flow chart of GRA computation. 

 
III. DATA ANALYSIS 
 
The focus of this section is to explore the relationship 
between carbon dioxide emissions and four factors 
(energy consumption, real GDP, foreign direct 
investment, and population size). Annual data on 
carbon dioxide emissions and energy consumption 
come from the Energy Information Administration 
(EIA), real GDP, net FDI inflows, and population size, 
which were obtained from the World Bank 
Development Indicators (WDI) from 2004 to 2011.  
Carbon dioxide emissions can be measured from fossil 
fuel consumption and combustion. Real GDP is 
measured in 2005 dollars. Energy consumption is 
measured in BTU (British Thermal Units).  The net 
inflow of foreign direct investment is the amount of 
direct investment made by foreign investors in the 
economy (in billions of dollars). The statistics in Table 
1 show the comparison of carbon emissions and four 
economic variables in China and the world.  The net 
inflow of foreign direct investment is the amount of 
direct investment made by foreign investors in the 
economy (in billions of dollars). The statistics in Table 
1 show the comparison of carbon emissions and four 
economic variables in China and the world.  The 
statistics in Table 1 show the comparison of carbon 
emissions and four economic variables in China and 
the world. Relevant summary statistics show that 
China's seven-year average of carbon emissions and 
energy consumption (2004-2011) accounted for 21.14% 
and 16.45% of the world average, respectively, while 
the real GDP and FDI accounted for 6.12% and 8.57% 
of the world total.It is particularly important to note 

that China’s population accounted for 19.66% of the 
world’s total during this seven-year period. These 
statistics show that between 2004 and 2011, China 
should be more committed to improving energy 
efficiency and developing a low-carbon economy. 
 
IV. ANALYSIS OF EXPERIMENTAL RESULTS 
 
Based on empirical data, GRAY correlation analysis 
steps are as follows: 
Step 1:  Normalize the source data value. According to 
GRA, apply the formula (3) to normalize the five 
original economic sequences, CO2 emissions (x1), 
energy consumption (x2), real GDP (x3), FDI (x4) and 
population (x5), and use CO2 emissions as a reference 
sequence. The five standardized economic sequences 
calculated by normalization are shown in Table 2. 
Step 2:  Calculate the distance between the reference 

sequence and the comparison sequence 

, according to formula (5). 

Step 3: Calculate the GRAY correlation coefficients 
between the reference sequence and the comparison 
sequence. By using formula (4) and formula (5), 
calculate and then calculate the 

GRAY correlation coefficientsfrom 2000 to 2007 as 
shown in Table 3. 
Step 4: Calculate the GRAYcorrelation level. First 
calculate the total GRAY correlation coefficients, and 
then use either equal weight formula (7) or unequal 
weight formula (8) to calculate the GRAY correlation 
level.The four GRAY correlation levels γ1E, γ1G, γ1F 
and γ1P represent the correlation between carbon 
emissions and four factors (including energy 
consumption, real GDP, foreign direct investment, and 
population). The overall calculation results of the 
GRAY correlation level (GRG) are shown in Table 4. 
In addition, when the difference coefficientsρ are set 
to 0.1, 0.3, 0.5, 0.7, and 0.9, and equal or unequal 
weights are used respectively, the results of the GRAY 
correlation analysis between the carbon emissions and 
the four factors are shown in Fig. 2. Fig. 2 shows 
thatdifferent difference coefficientρ and weighting 
methods have little effect on China's GRA calculation 
results. That is to say, for different difference 
coefficientsρ and different weighted form ωk, China's 
GRA calculation results show that the order 
ofγ1E,γ1G,γ1F and γ1Pare the same.

 
TABLE 1: STATISTICS SUMMARY (COMPARISON OF CARBON EMISSIONS AND FOUR ECONOMIC VOLUMES IN CHINA AND THE WORLD 

BETWEEN 2004 AND 2011) 
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DISCUSSION AND CONCLUSIONS 
 
Previous empirical studies have focused on the impact 
of economic growth on the environment. This paper 
further discusses the impact of financial development 
and population size on environmental degradation.  In 
recent years, due to scientific and technological 
progress and economic development, people's abuse 
of resources has become more serious than ever, and 
there has been a sharp decline in non-renewable 
resources on the planet. The size of the population has 
thus become a serious environmental pollution factor 
on the planet.We try to explore whether we can rely on 
high-level economic growth and financial 
development. Even with a large population size, it will 
not lead to excessive carbon dioxide emissions and the 
reduction of natural resources. This paper uses GRA to 
assess how four factors, energy consumption, GDP, 
FDI, and population, affect CO2 emissions in the 
atmosphere.  The results of GRA indicate that the 
correlation between energy consumption and carbon 
emissions is the highest. According to reference [28], 
China's energy intensity in 2011 was 24,708 Btu/USD, 
which is much higher than the global average energy 
intensity, 9,905 Btu/USD.  The high energy intensity 
reflects the country's low energy efficiency in the 
industrial, commercial and household sectors, in other 
words, the country has a high potential for energy 
conservation. Therefore, in order to improve energy 
efficiency and reduce emissions, a series of policies 
can be adopted. 
 
These policies include the development of energy 
infrastructure to reduce transmission and distribution 
losses and the promotion of various tariff reforms to 
control energy demand and save energy supply costs 
without affecting end-user rights.  It is worth noting 
that these policies will not adversely affect economic 
growth. When the correlation between gross domestic 
product (GDP) and carbon emissions (γ1G) ranks 
second, developing countries should develop a 
sustainable low-carbon economy and renewable 
energy to achieve long-term sustainable development. 
When the correlation effect between FDI and carbon 
emissions (γ1F) ranks third, it can be seen from Table 2 
that the seven-year compound growth rate of foreign 
direct investment and GDP in 2011 is the first and 
second highest of the five factors. At this time, the 
government should formulate appropriate 
environmental protection policies in attracting foreign 
direct investment and enhancing economic growth. 
The correlation effect between population and carbon 
emissions (γ1p) ranks fourth. It reveals that people have 
a willingness to use energy-related products (such as 
air conditioners, trams, cars, etc.). In general, 
developing economies can adopt environmentally 
friendly financial development policies, improve 
energy efficiency and energy conservation awareness, 
and develop a green economy with the aim of reducing 
carbon emissions for sustainable development. 
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