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Abstract—This paper addressed the impacts of energy
consumption, economic growth, financial development, and
population size on environmental degradation using grey relational
analysis (GRA) for China, where foreign direct investment (FDI)
inflows is the proxy variable for financial development. The more
recent historical data during the period 2004—-2011 are used, because
the use of very old data for data analysis may not be suitable for
rapidly developing countries. The results of the GRA indicate that the
linkage effects of energy consumption—emissions and GDP—emissions
are ranked first and second, respectively. These reveal that energy
consumption and economic growth are strongly correlated with
emissions. Higher economic growth requires more energy
consumption and increasing environmental pollution. Likewise, more
efficient energy use needs a higher level of economic development.
Therefore, policies to improve energy efficiency and create a
low-carbon economy can reduce emissions without hurting economic
growth. The finding of FDI-emissions linkage is ranked third. This
indicates that China do not apply weak environmental regulations to
attract inward FDI. Furthermore, China’s government in attracting
inward FDI should strengthen environmental policy. The finding of
population—emissions linkage effect is ranked fourth, implying that
population size does not directly affect CO, emissions, even though
China has the world’s largest population, and Chinese people are very
economical use of energy-related products. Overall, the energy
conservation, improving efficiency, managing demand, and financial
development, which aim at curtailing waste of energy, reducing both
energy consumption and emissions, and without loss of the country’s
competitiveness, can be adopted for developing economies. The GRA
is one of the best way to use a lower data to build a dynamic analysis
model.

Keywords—Grey relational analysis, foreign direct investment,
CO, emissions, China.

I. INTRODUCTION

HE increasing threat of global warming caused by

greenhouse gases (GHG) emissions has been a major,
world-wide, on-going concern during the last several decades.
Climate changes influenced by GHG emissions have caused
temperature increase of up to 2°C [1], while carbon dioxide
(CO,) was held responsible for 58.8% of the GHG emissions
[2]. China is the world’s biggest emitter of GHG, the
second-largest global economy, and the world’s most populous
country; however, the per capita emissions are still significantly
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lower than that of the U.S., but approaching the average level of
the E.U. countries [3], [4]. Fossil fuel production and
combustion generates some 90% of China’s total carbon
emissions. Manufacturing and power generation are the major
sectors contributing to China's carbon emissions [4]. China has
promised to peak its CO, emissions by 2030 and cut them from
coal power plants by 60% by 2020 during the world Paris
Climate  Conference (COP21) [5]. Therefore, the
transformation of economic growth towards a lower
dependency on fossil fuels and related GHG emissions is
essential for the feasibility of a successful global climate
strategy.

A dynamic link between the environment, resource use, and
economic activity was found by Kolstad and Krautkraemer [6].
They argue that while resource use (especially energy sources)
yields immediate economic benefits, its negative impact on the
environment may be observed in the long run. Consequently,
economic growth in excess of the carrying capacity of the
environment is counterproductive and detrimental in the long
run to human welfare. Although the majority of the studies are
focused on economic development and environmental
degradation, a lot of articles pointed out that another possible
determinant of the environmental performance is financial
development. Frankel and Romer [7] found that financial
liberalization and development may attract FDI and higher
degrees of R&D investments which in turn can speed up
economic growth, and hence affect the dynamic of the
environmental performance. Birdsall and Wheeler [8] and
Frankel and Rose [9] indicated that the financial development
provides developing countries with the motive and opportunity
to use new technology, help them with clean and environment-
friendly production, and consequently improve global
environment at large and enhance regional development
sustainability. Additionally, Jensen [10] and World Bank [11]
asserted that though financial development may enhance
economic growth, it may result in more industrial pollution and
environmental degradation. Tamazian et al. [12] found that
higher degree of economic and financial development
decreases the environmental degradation. In this study, we
employed FDI inflows as a measure of financial development.

Another issue of pollution is population, because people’s
usages of daily needs are increasing and they misuse it. It
affects the earth as decreasing the nonrenewable resources.
Environmentalists and economists increasingly agree that
slowing the increase in population, especially in the face of
rising per capita demand for natural resources, can reduce
environmental pressures and have more time to improve living
standards on a sustainable basis [13]. Moreover, Stern [14]

779



International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:10, No:7, 2016

presents a critical history of the environmental Kuznets curve
(EKC). According to him the arguments of EKC do not stand
firm on strong econometric footing. He pointed out that the
major weaknesses associated with the econometric estimations
namely, heteroskedasticity, omitted variables bias, and critical
issues relating to cointegration analysis. Given these reasons
and concerns, this study uses GRA to examine whether the
economic development and financial development along with
both energy consumption and population size tend to increase
the environmental damage or not in China.

The grey system theory proposed by Deng [15] has been
successfully applied in engineering prediction and control,
social and economic system management, and environmental
system decision making in recent years [16]-[19]. It has been
proven to be useful for dealing with poor, incomplete and
uncertain information. GRA is one of the major directions
among the current applications of grey system theory. GRA can
be used to effectively solve the complicated interrelationships
among the multiple factors and variables through the
optimization of grey relational grades [20]-[23]. Lin et al. [24]
employ GRA to explore the inter-relationships among
economy, energy and environment in Taiwan. GRA has been
widely used due to its advantages of requiring low data items to
build models.

This study is to explore the dynamic relationship between
CO, emissions and the given four factors: Energy consumption,
real GDP, FDI and population in China. Recent historical data
during the period 2004-2011 are used, because China is in
rapidly developing economies. Considering the recent year’s
data, GRA may be the best method using low data items to
build dynamic analysis model. The remainder of this paper is
organized as follows: Section II describes the methodology of
GRA. Section III discusses the data used. Section IV discusses
the empirical findings, and the last section summarizes and
concludes the paper.

II. GREY RELATIONAL ANALYSIS

The main procedure of GRA is firstly translating the
performance of all alternatives into a comparability sequence.
This step is called grey relational generating. According to
these sequences, a reference sequence is defined. Then, the
grey relational coefficient between all comparability sequences
and the reference sequence at a certain time point is calculated,
which is also called the “point” relational grade. Finally, based
on these grey relational coefficients, the grey relational grade
between the reference sequence and every comparability
sequences is calculated. The higher grey relational grade
indicates that the compared sequence is the most similar to the
reference sequence. The procedures of GRA are shown in Fig.
1 [25].

In this study, the calculations of GRA compare the geometric
relationships between time series data in the relational space. If
the relative variations between two factors, the compared series
and the reference series, are basically consistent during their
development process, then the grey relational grade is large and
vice versa [26]. The details of GRA are presented below.

Denote the m series to be compared as

x; = (xj(l),xj(2),...,xj(n))r, j=12,...,m, €))

where x; (k) is the yearly time series data and m is the number of
factors. Translate the series using vector normalization to
ensure that all of them are in the same order. The normalized
series can be denoted as

X = (0, 2 X)) =12, m, @)

*
and let the reference series be X; . The formula of vector

normalization is defined as [27]:

¥ (k) = x(k)/ /ix(z) n k=12 and g

The grey relational coefficient between the compared series,

* . * .
X, and the reference series, X, , for the kth-year, is defined as

min T OA .
(k)= max =0 ..m, k=1,2,... 4
oy )= (k)+pA.mx T "
where
A, (k) =[x (k) —x, (k). ®)

*
A, (k) represents the absolute difference between x; and X,

at  kth time point; A . =min{minAlj(k)} and
min / k

A, =max{max Au(k)} are the minimum and maximum
j k

distances for all factors in all series. p is the distinguishing

coefficient which is defined in the range 0 < p <1 and

typically p = 0.5. Then, the grey relational grade (GRG) can be
calculated as

7= 20, (k) forj =1,2,....m, ©
k=1

*
where p,; is the grey relational grade between x; and X, . o is

the weight of kth- year and usually depends on decision
makers’ judgment or the structure of the proposed problem. In
addition, z:ﬂ @, =1. In this study, both equal weight and
unequal weight on each of the grey relational coefficient time

series value are used. The equal weight grey relational grade
can be denoted as

1 n
UZZZQVU(’C) forj=12,...,m. M
=1

780



International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:10, No:7, 2016

Because §, ].(k) is the time series value, the following

exponential smoothing method weights the time series data
unequally and more recent observations are weighted more
heavily than more remote observations. It can be denoted as

7, =2 s, (k) forj=1,2,....m, (®)
k=1

where

w, =a(l-a)" and a=(n—k+1)/[n(n+1)/2].

The value of a can be calculated using formula of rank sum
weight. The y,; represents the level of correlation between the
reference series and j-th comparability series.

Grey relational generation

T

Reference sequence definition

AV 4

Grey relational coefficient calculation

!

Grey relational grade calculation

Fig. 1 Procedure of GRA

III. DATA

The focus of this study is to explore the relationship between
CO, emissions and the given four factors: energy consumption,
real GDP, FDI, and population in China. The annual data of
emissions and energy consumption are obtained from Energy
Information Administration (EIA), and real GDP, FDI net
inflows and population are obtained from the World Bank
Development Indicators (WDI) from 2004 to 2011. CO,
emissions in metric tons of carbon dioxide are measured from
the consumption and flaring of fossil fuels. Real GDP is
measured in US dollars at 2005 prices. Energy consumption is
measured in BTU (British thermal unit). FDI net inflows in
current US$ Billion are the value of inward direct investment
made by non-resident investors in the reporting economy. The
summary statistics associated with the five variables for China
and the world in Table I show that the 7-year average
(2004-2011) of emissions and energy consumption for China
respectively accounted for about 21.14% and 16.45% of the
average of the world, while average of real GDP only
accounted for about 6.12% of the average of the world. One of
the main reasons is the 7-year average of population accounted
for about 19.66% of the 7-year average of the world. Table II

shows the compound annual growth rates (CAGRs) between
2004 and 2011 for each variable in China and in the world. The
CAGRs of 8.48%, 8.67%, 11.02%, and 24.01% respectively in
China’s emissions, energy consumption, real GDP, and FDI are
higher than the world, while the CAGR of population in China
is lower than the world. All of these observations demonstrate
that China should aim to develop a high-efficiency and
low-carbon economy.

IV. EMPIRICAL RESULTS

Based on the original data, the GRA procedure is as:

Stepl. Normalize the original values. The application of GRA
uses vector normalization (3) for five time series: CO,
emissions (x;), energy consumption (x,), real GDP (x;),
FDI (x,) and population (xs5), where emissions are the
reference sequence. The entire results of grey relational
generating are shown in Table III.

Step2. Calculate the distance between the reference sequence

xl* and the compared sequence x’;; j=2,...musing (5).

Step3. Calculate the grey relational coefficient between the
reference series and jth compared series. After

calculating A, YAV, and A all grey relational

coefficients can be calculated by (4). The entire results

of grey relational coefficient are shown in Table IV.
Step4. Calculate the grey relational grade. After calculating the

entire grey relational coefficients ¢, (k) the grey

relational grade can be then calculated using both equal
weight (7) and unequal weight (8) on each time series
¢, (k) (k=1,2,...,8) for four factors. The grey relational

grade yig, 716, yir and y;p represent the level of
correlation between emissions and each of the four
factors, including energy consumption, input, FDI and
population. The entire results of grey relational grade
(GRG) are shown in Table V.

In addition, this research also analyzes the impact on the
results of GRA using both equal weight and unequal weight
when the distinguishing coefficient set at 0.1, 0.3, 0.5, 0.7 and
0.9, respectively for each country. Results are shown in Table V
and Fig. 2. The figures demonstrate that the impact of both the
distinguishing coefficient and weighting form on the result of
GRA is very small. For each country, no matter what both the
distinguishing coefficient is and the weighting form is, the rank
order of i, y16, y1r and yp is always the same.

V. DISCUSSION AND CONCLUSIONS

While most empirical studies have focused on the effects of
economic growth on environmental performance, this paper
also addressed the impact of both financial development and
population size on environmental degradation, where FDI
inflows is the proxy variable for financial development.
Population is another issue of pollution, because people’s
usages of daily needs are increasing and they misuse it. It
affects the earth as decreasing the nonrenewable resources.
Hence, we examine China to show whether or not higher
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degrees of economic, financial development and population
size lead to higher CO, emissions in developing economies.
The more recent historical data during the period 2004-2011

are used, because China is rapidly developing countries. Taking
the recent year’s data into account, GRA may be the best
method using low data items to build dynamic analysis model.

TABLEI
SUMMARY STATISTICS, 2004-2011
CO, emissions Energy use Real GDP FDI Population
(Million Metric Tons) (Quadrillion Btu) (constant 2005 US$ Billion) (current US$ Billion) (Millions)
Mean S.D. Mean S.D Mean S.D. Mean S.D. Mean S.D.
China 6211.88 1178.80 78.88 15.39 3072.42 773.18 160.26 71.54 1320.81 0.02
World 29391.00 1672.13 479.61 25.95 50226.41 2893.38 1870.58 702.33 6719.14 0.20
China share 21.14% 16.45% 6.12% 8.57% 19.66%
TABLEII which is higher than 9905 Btu/USD, the average global energy
0, . . . . . .
AVERAGE GROWTH RATES FROM 2004 70 2011 (%) intensity [28]. High energy intensity reflects low efficiency of
CO, Energy GDP FDI Population . .
. energy use for industry, commercial, and household sectors,
China 8.48 8.67 11.02 24.01 0.52 A . . . .
and indicates that there is high energy saving potentials.
World 2.54 2.38 2.54 17.40 1.23 . .
Therefore, in order to enhance energy efficiency and reduce
TABLE Il emissions, a range of policies can be adopted. The policies may
VECTOR NORMALIZATION VALUE ON THE FIVE FACTORS FOR CHINA include the development of energy infrastructure, reduction of
CO, Energy GDP FDI Population | transmission and distribution losses, and the introduction of a
2004 02159 02199 0.2434  0.1860 0.3450 variety of tariff reforms to control energy demand and
2005 02250 02324 0.2636  0.2143 0.3475 energy-saving supply costs without affecting the end-use
2006 0.2626 02657 0.2876  0.2389 0.3509 benefits. These policies will not harm economic growth in
2007 0.3085 0.3095 0.3164 0.2281 0.3529 China.
2008 03859 0.3807 0.3483 0.2661 0.3549 The linkage effect (y,g) between output and emissions is
2009 0.4180 04129 0.3845  0.3833 0.3569 ranked second. Such results reveal that economic growth is
2010 0.4408 0.4407 0.4291 0.3783 0.3590 . . . .
closely related to environmental pollution, with higher
2011 0.4697 0.4707 0.4849 0.6705 0.3611 . .. .
economic growth requiring more energy consumption and
TABLE IV increasing environ@eqtal po}l}ltion. Conse;qugntly, Chipa
GREY RELATIONAL COEFFICIENT BETWEEN CO, EMISSIONS AND EAcH oF THE ~ should aim to maintain stability and continuity economic
FOUR FACTORS policies to achieve appropriate economic growth and
Energy GDP FDI Popu. sustainable development.
2000 0.9623 0.7856 0.7708 0.4378 The linkage effect (y,r) between FDI and emissions is ranked
2001 0.9321 0.7228 0.9041 0.4507 third. Table II shows the 7-year CAGRs of FDI and GDP in
2002 0.9711 0.8012 0.8092 0.5324 2011 are the first and second high among the five factors.
2003 0.9908 0.9280 0.5555 0.6939 s . . .
Therefore, China’s government in attracting inward FDI and
2004 09510 07279 0.4562 07643 enhancing economic growth, but also should make
2005 0.9523 0.7504 0.7437 0.6220 . & tal tecti & li i Th lati -
2006 10000 0.8963 0.6165 05513 le,ml’;ronmgla protec 1orrllkpo ’fcy' . © p(’pu?’(’ﬁl*emllls,Slor?S
2007 0.9906 0.8691 03335 0.4807 inkage effect (y,,) is ranked fourth. It reveals that China is

This study evaluated four factors, including energy
consumption, real GDP, FDI and population, all of which
affected the CO, emissions using GRA. The results of the GRA
indicate that the linkage effect (y;z) between energy
consumption and emissions is ranked first. It reveals that
energy consumption is strongly correlated with emissions in
each country. The energy intensity in 2011 is 24708 Btu/USD,

more economical use of energy-related products Overall, for
China, the energy conservation, improving efficiency,
managing demand and financial development can be adopted to
reduce CO, emissions and without loss of the country’s
competitiveness.

The findings of energy—economic—finance—population and
environment nexus and GRA method can also be used to
provide insight to other developing economies.

TABLEV
THE RESULTS OF GRA FOR CO, EMISSIONS

Equal weights Unequal weights
p Energy GDP FDI Popu. Energy GDP FDI Popu.
0.1 0.8683 0.4831 0.3204 0.2213 0.7306 0.3941 0.3357 0.1755
0.3 0.9495 0.7235 0.5447 0.4462 0.8139 0.6086 0.5372 0.3624
0.5 0.9688 0.8102 0.6487 0.5666 0.8337 0.6883 0.6216 0.4663
0.7 0.9774 0.8553 0.7117 0.6430 0.8426 0.7302 0.6700 0.5338
0.9 0.9823 0.8831 0.7546 0.6962 0.8477 0.7561 0.7019 0.5815
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Fig. 2 The impact of distinguishing coefficient on the results of GRA
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