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a b s t r a c t

Resources and environmental issues have become the main obstacles to the global sustainable devel-
opment. For example, the global warming and paroxysmal environmental problems induced by fossil
energy consumption are highlighted in recent years. As a big energy consumption and carbon emission
country, China has tried to establish and implement the carbon emission trading mechanism in order to
adjust the economic development patterns, optimize the energy structure and fulfill the emission goals.
This mechanism has played a certain role in guiding and supporting the energy saving and carbon
emission reduction. With the wide popularization and acceptance of low-carbon and green develop-
ment, the advantages and the benefits of regional carbon emission trading mechanism will gradually
show up with more trading activities and enterprise participation. Therefore, it’s imperative to explore
the carbon emission trading mechanism and provide relative suggestions for government and enter-
prises. For analyzing the carbon emission trading mechanism in China, the development situations of
economy, energy and policy were reviewed firstly. Then, based on the direct and indirect emissions, the
carbon emission measurement method was used to study the emission trends of Beijing and pilot areas.
With the system dynamics analysis model, the key factors and evolution circuits influential to the carbon
emission mechanismwere identified from the aspects of society, energy, economy and environment. The
factors were further selected by extended STIRPAT model and ridge regression model in order to
construct the BP Neural Network prediction model of carbon emissions. Meanwhile, take Beijing as an
example, seven different development scenarios were set to test the rational levels of carbon emissions
in the next five years. At last, with the prediction and scenario analysis results, some policy advices were
discussed and provided theoretical and practical references for reasonable and efficient carbon emission
trading.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The remarkable shortage of resources and environmental
problems caused by economic development and social construction
has become an important bottleneck of sustainable development.
China’s resource-environment problems are particularly prominent
in the process of maintaining rapid economic growth (Chuai et al.,
2014). As shown in Fig. 1, the ratios of fossil energy consumptions
were still high in recent years.

The rapid economic growth mode with high energy consump-
tion in China caused a huge amount of carbon emissions, which has
hindered the sustainable development of the economy. In 2011,

China accounted for about a third of the world’s carbon emissions
(see Fig. 2) (Lin and Sun, 2010). According to the International En-
ergy Agency (IEA) forecasting, China’s carbon dioxide emissions
will rise to 11.615 billion tons in 2030, accounting for 48.6% of the
global new emission increments (IEA, 2010). Since the Paris Climate
Agreement came into effect, the global energy conservation and
emission reduction has entered a new stage. In the 13th five-year
plan, China proposed to actively control carbon emissions and
implement emissions-reduction commitments. How to balance the
development of economic construction and carbon emission con-
trol is an important issue in China at this stage.

The full implementation of domestic carbon dioxide emissions
trading has become an important way and practical choice for the
realization of China’s energy-saving and emission reduction targets
and low-carbon development (Lo, 2013). Carbon trading can drive
companies to spontaneously accelerate technological innovation

* Corresponding author.
E-mail address: hbdlljp@163.com (J.-p. Liu).

Contents lists available at ScienceDirect

Journal of Cleaner Production

journal homepage: www.elsevier .com/locate/ jc lepro

https://doi.org/10.1016/j.jclepro.2017.11.133
0959-6526/© 2017 Elsevier Ltd. All rights reserved.

Journal of Cleaner Production xxx (2017) 1e18

Please cite this article in press as: Liu, J.-p., et al., Regional carbon emission evolution mechanism and its prediction approach driven by carbon
trading e A case study of Beijing, Journal of Cleaner Production (2017), https://doi.org/10.1016/j.jclepro.2017.11.133

mailto:hbdlljp@163.com
www.sciencedirect.com/science/journal/09596526
http://www.elsevier.com/locate/jclepro
https://doi.org/10.1016/j.jclepro.2017.11.133
https://doi.org/10.1016/j.jclepro.2017.11.133
https://doi.org/10.1016/j.jclepro.2017.11.133


and coordinate capital operations by market mechanisms on the
road of reducing emissions quickly and inexpensively (Wang and
Wang, 2015). At present, most of China’s enterprises are still on
the bottom of the international carbon market value chain, and it is
urgent to raise the initiative of enterprises in carbon emissions
reducing. Therefore, the establishment of a unified, orderly do-
mestic carbon emissions trading market is essential. As shown in
Table 1, China has been committed to domestic carbon trading
market construction and has promulgated a series of policy mea-
sures as a buttressing support. The national carbon emissions
trading market, which covers 24 industries such as coal production,
power generation, steel and civil aviation, will be officially
launched in 2017. China is set to become the world’s largest carbon
trading market, and carbon emissions management will usher in a
new model.

At the same time, China covers a large territory so that the
distinction among population density, economic development

level, industrial structure, energy consumption levels and other
aspects leads to regional differences in carbon emissions (Ren et al.,
2015). How tomaximize the potential of carbon emission reduction
and promote the steady, green and efficient growth of the region
without breaking through the environmental carrying capacity of
each region is an important consideration for the formulation of
regional emission reduction policies and the determination of the
carbon quota. Since 2013, 7 provinces and cities such as Beijing,
Tianjin and Shanghai were selected as pilot areas for carbon
emissions trading. Up to March 2016, the total turnover of National
Certified Emission Reduction (CCER) in seven pilot markets excee-
ded $ 1.3 billion (Zeng, 2016). In a way, pilot projects contributed to
the pilot regional carbon emissions reduction, and provides a guide
for the national carbon market development.

However, on the current stage, China’s carbon trading is guided
by governments in some particular industries relying on political
or non-marketable measures, i.e. 2C pattern (Command and
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Fig. 1. Structure of China’s primary energy consumption.
Source: China’s National Bureau of Statistics.
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Fig. 2. Top ten emitters in the world 2011(Source: The World Bank).
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