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• Probability of the TTCE achieving the
Paris Agreement & INDC targets is pre-
dicted.

• CO2 emissions in the TTCE in 2030 will
increase by 26.5–36.5% compared with
2005.

• Parts of the TTCE can achieve INDC tar-
gets in some scenarios.

• Carbon reduction situations of Saudi
Arabia, Iran and Indonesia are quite se-
vere.

• No common trend can be used as a suit-
able benchmark for every country of the
TTCE.
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This study predicts the probabilities of achieving the carbon dioxide (CO2) emission targets set by the Paris
Agreement and the Intended Nationally Determined Contribution (INDC) of the top ten CO2 emitters (TTCE).
The TTCE are China, USA, India, Russia, Japan, Germany, South Korea, Iran, Saudi Arabia and Indonesia based on
their emission trends over 1991–2015 period. The methods of trend extrapolation and back propagation (BP)
neural networks are used in this paper to overcome the weakness of multiple linear regression (MLR) and the
assumptions of the environmental Kuznets curve (EKC). The results show that the model performs well and
has high predictive accuracy. The volume of the CO2 emissions by the TTCE in 2030 is predicted to increase by
26.5–36.5%, compared with 2005. According to different trends of economic growth, energy consumption, and
changes in share of renewable energy, the results show that China, India and Russia will achieve their INDC tar-
gets in some scenarios, whereas there will be a shortfall in achieving targets by USA, Japan, Germany, and South
Korea. In particular, the carbon reduction situations of Saudi Arabia, Iran and Indonesia are quite severe. More-
over, the results show that there is no common trend that can be used as a suitable benchmark for every country
for the implementation of carbon reductions targets of the Paris Agreement and their INDC goals. Finally, there
are signs of improvement of the equality of carbon emissions based on the analysis of the Gini coefficient.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

The Paris Agreement in December 2015 marked the ratification of
the United Nations (UN) framework convention on climate change by
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over 160 contracting states. The participants agreed to achieve the long-
term goal of restricting the increase in the global average temperature
to less than 2 °C compared to the pre-industrial level and to pursue
the limiting of global warming to 1.5 °C. Millar et al. (2017) found that
the target of 1.5 °C is not yet a geophysical impossibility and net future
cumulative CO2 emissionswill range from 250GtC to 540GtC. Although
President Trump announced that the USA would cease all participation
in the 2015 Paris Agreement, the earliest effective date of withdrawal
for USAwill be November 2020. In response to this announcement, gov-
ernors of several states of USA formed theUnited States Climate Alliance
to continue advancing the objectives of the Paris Agreement despite the
federal withdrawal; similar commitments have also been expressed by
other state governors, mayors, and business leaders (Cornwall, 2017).

In our study, we focus exclusively on China, USA, India, Russia, Japan,
Germany, South Korea, Iran, Saudi Arabia, and Indonesia because of the
unique characteristics of these countries. According to 2016 BP World
Energy Statistics (BP Statistical Review of World Energy, 2016), these
ten countries were ranked as the top ten CO2 emitters (TTCE), responsi-
ble for over 68% global CO2 emissions (Fig. 1). This study considered
these ten countries an appropriate sample, based on not only their
share of world CO2 emissions, but also the absolute size of their CO2

emissions, which were more than 600 million tonnes in 2015.
To achieve the global carbon emission reduction, countries have also

come up with their own goals of Intended Nationally Determined Con-
tribution (INDC) according to their own national conditions (see
Table 1).

Most works of research investigating factors influencing CO2 emis-
sions reach the similar conclusion that economic growth and energy
consumption should be taken into consideration (Jayanthakumaran
et al., 2012; Ertugrul et al., 2016; Ahmad and Du, 2017; Ding and Li,
2017; Du et al., 2017; Zaman and Moemen, 2017). In recent years, the
contribution of renewable energy to the decrease in CO2 emissions is in-
creasingly being acknowledged (Fernández González et al., 2014a;
Fernández González et al., 2014b; Dellano-Paz et al., 2015; Liobikienė

and Butkus, 2017). Besides, more andmore countries are proposing pol-
icies and targets for renewable energy development, such as the Europe
2020 in the European Union (EU) and the 13th Five-Year Plan for Re-
newable Energy Development in China.

However, there is still a lack of analysis encompassing the Paris
Agreement and INDC targets on CO2 emission. For instance, Liobikienė
and Butkus (2017) applied regression models to study whether EU-28
will successfully achieve the targets of Europe 2020 and Paris Agree-
ment. Höhne et al. (2017) found that many of the INDCs are conserva-
tive, and in some cases, the achievement would exceed the targets. In
this study, we expand the research by using BP neural network to ana-
lyse the extent to which the TTCE will achieve their carbon emissions
targets, given their behavior, and especially considering the Paris Agree-
ment and the INDCs.

This study makes a two-fold contribution to the literature. First, this
study focuses on the TTCE and demonstrates that the BP neural network
approach is well-suited to deal with multi-country time-series data in
the field. Second, this study analyses 10 countries to provide empirical
evidence on the probability of their achieving the CO2 emission targets
proposed in the Paris Agreement.

The rest of this paper proceeds as follows. Section 2 presents the lit-
erature review. Section 3 describes themethods used and Section 4 dis-
cusses the empirical results. Finally, Section 5 lists themain conclusions.

2. Literature review

2.1. Determinants of CO2 emission and their impacts

Determinants of CO2 emission and its effects have been extensively
investigated in last few decades. Decomposition analysis is a commonly
used method (Calbick and Gunton, 2014; Kaivo-oja et al., 2014; Zhao
et al., 2016; Liobikienė et al., 2016; Zhao et al., 2017; Li et al., 2017),
which includes mainly index decomposition analysis (IDA) and struc-
tural decomposition analysis (SDA). IDA can be further divided into

Fig. 1. TTCE: Geographic locations and proportion.
Data source: BP Statistical Review of World Energy, 2016.
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