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a b s t r a c t

The surge in energy consumption and CO2 (carbon dioxide) emissions is exacerbating global warming.
The Chinese government has promised to reduce CO2 emission by 60%e65% per unit of GDP over the
2005 level by around 2030. Analyzing the factors influencing CO2 emissions is one of the key aspects
involved in effectively reducing greenhouse gas emissions. In this paper, we add climatic factors based on
socio-economic factors, and adopt the extended STIRPAT model to investigate the mechanism driving
emissions by the co-action of natural and socio-economic factors. The results show that the 1995e2014
emissions in China's Zhejiang province had an upward trend with growth rates varying between in-
termediate periods. The order of the factors' elasticity coefficients is urbanization rate (0.181)>GDP per
capita (0.180) > population (0.177)> energy intensity (0.170)> trade openness (0.170)> cooling degree
days (0.127)>mean temperature anomaly (0.116). Economic development and urbanization were the
main factors promoting CO2 emissions in 1996e1999, while economic development and foreign trade
were the main factors in 2000e2014. Policy makers should pay more attention to keeping a healthy pace
of economic development, introducing more low energy consumption and low pollution enterprises and
encouraging technological innovation. Improving the quality of urbanization, guiding a sustainable
lifestyle, adjusting the structure of foreign trade and curbing energy intensity are also expected to reduce
emissions.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Global climate change as an international environmental issue
has become the most significant challenge facing humanity in the
21st century (Wang et al., 2017). Greenhouse gas emissions (GHG),
especially carbon dioxide (CO2) emissions, are considered to be the
main causes of global warming (Soytas et al., 2007). Due to the
surge in energy consumption, CO2 emissions have been further
exacerbating global warming. The IPCC reported that the atmo-
spheric CO2 level has reached up to 390.5 ppm, increasing by
2.0 ppm per year since 2001 (IPCC, 2013). The CO2 in the atmo-
sphere has increased by 40% compared to 1750 (Lu et al., 2015).
China's CO2 emissions have increased rapidly with an average
growth rate of 8.2% from 2000 to 2013 (Li et al., 2017a). As the
world's largest CO2 emitter, China pledged at the 2015 Paris

Conference on Climate Change that, by around 2030, its CO2
emissions would peak and be reduced by 60%e65% per unit of GDP
over the 2005 level, which would be used as a binding index of
national economic and social development in its long-term plan-
ning. Analyzing the factors influencing CO2 emissions is one of the
key problems involved in achieving this goal effectively, which is
related to the making and implementation of emission reduction
policies (Chen et al., 2014). Therefore, it is urgent for countries to
build an analytical framework with more factors to investigate CO2
emissions to mitigate global climate change (Zhang and Nian,
2013).

In recent years, there has been an increasing number of studies
of the factors influencing CO2 emissions. Existing studies have
mainly focused on the relationship of CO2 emissions and socio-
economic factors. Economic growth, population, urbanization and
trade openness have a significant impact on CO2 emissions.

A great number of studies have considered the relationship of
economic growth and CO2 emissions. Li et al. (2017b) adopted a
model combining production-theoretical decomposition analysis
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(PDA) and index decomposition analysis (IDA) to carry out a
decomposition analysis of CO2 across provinces in China, with re-
sults indicating that economic activity was the main cause of the
substantial increases in emissions; Wang et al. (2015) used a
modified PDA model to decompose CO2 emissions, finding that
economic development was the largest driver of increased emis-
sions; Rafindadi (2016) found that economic growth lowered en-
ergy demand but increased emissions; while Zhou et al.’s (2017)
result of the relationship of China's regional economic develop-
ment and industrial energy-related CO2 emissions indicated that
economic strength had the strongest positive effect on industrial
energy-related emissions, but that the positive effect was weaker in
the more developed regions. Salahuddin and Gow (2014), on the
other hand, found no significant relationship between economic
growth and CO2 emissions - a similar result also being obtained by
Lantz and Feng (2006) and He and Richard (2010). The reasons for
the different results may be related to energy trade. For countries
with high energy consumption, economic development drives en-
ergy consumption and causes significant CO2 emissions. However,
for energy-producing countries, there is no significant correlation
between economic growth and CO2 emissions, because their GDP is
driven by energy exports which do not cause CO2 emissions. Some
existing studies have investigated the decoupling relationship be-
tween economic growth and CO2 emissions. Zhou et al. (2017)
pointed out that there exists a weak decoupling relationship be-
tween industrial energy-related emissions and economic growth in
most of China's regions. The same result was obtained by Zhao et al.
(2017), finding that China and all its five major economic sectors
experienced aweak decoupling between economic growth and CO2

emissions during 1992e2012; while Fern�andez-Amador et al.
(2017) used polynomial and threshold specifications to estimate
the relationship between economic growth and emissions for a
global panel of developed and developing countries, uncovering
the presence of relative decoupling. Economic structure and eco-
nomic activity level causes the different decoupling situations.

With the improvement of quality of life and an increasing
population, population factors play a more crucial role in CO2
emission levels. Yeh and Liao (2017) confirmed that Taiwan's pop-
ulation growth was a driving force of emissions, lowering popula-
tion growth would provide a 16e29% reduction (O'Neill et al.,
2010). By investigating data on a global scale during 1975e1996,
Shi (2003) found that a 1% increase in population resulted in a 1%
increase in emissions, with a much more pronounced impact of

population change in developing countries than in developed
countries. By using the Granger causality test, Knapp and
Mookerjee (1996) showed that there was a short-term dynamic
relationship between global population growth and global CO2
emissions, but lacking a long-term equilibrium. The relationship
between CO2 emissions and population is not only affected by the
rate of population growth, but also by internal demographic factors.

Such other demographic factors as age structure, population age
and household size are the focus of other empirical studies. Zhou
and Liu (2016) found that changes in age structure was the domi-
nant driving force of increased national CO2 emissions; Zhang and
Tan (2016) showed that population aging and population quality
were positively correlated with China's emissions; Dalton et al.’s
(2008) application of the PET (Population, Environment, Technol-
ogy) model indicated that population aging had a restraining effect
on emissions in the U.S.; Fan et al. (2006) found the proportion of
working-age population (aged 15e64) had a negative impact on the
total CO2 emissions of high income level countries, but positive at
other income levels. Cole and Neumayer (2004) and Liddle (2014)
indicated that a lower household size was associated with higher
levels of emissions. The impact of demographic factors on CO2

emissions is complex, but there are few studies researching the
impact of multiple demographic factors on CO2 emissions and their
causal mechanism.

Additional factors have been taken into consideration in CO2

emissions. Urbanization is also a process of making decisions about
lifestyles, which affects future energy consumption and energy-
related emissions (Ouyang and Lin, 2017). Yuan et al. (2015)
found that urbanization played an important role in the growth
of indirect residential emissions. Ouyang and Lin (2017) hold the
view that the urbanization process promoted CO2 emissions by
infrastructure construction, the development of industrial and
transport sectors and increasing residential energy consumption
due to rural-to-urban migration. Empirical work by Ji and Chen
(2015) also showed that urbanization induced a notable increased
energy consumption in China. Sheng and Guo (2016) found that
urbanization increased emissions both in the short- and long-run.
By investigating the relationship among urbanization, energy
consumption and CO2 emissions based on panel data covering
China's 30 provinces, Wang et al. (2014) found that a 1% increase in
urbanization increased energy consumption and emissions by
0.560438% and 0.589325% respectively. From the results of these
studies, urbanization generally has a positive effect on CO2 emis-
sions. Trade openness had scale effect, composition effect and
technique effect on the environment (Antweiler et al., 2001). By
analysing China-US trade in 1995e2009, Zhao et al. (2016) found
considerable emissions were embodied in intermediate products
and there was a continuous increase in the trade imbalance of
embodied emissions. Using the Autoregressive Distributed Lag
(ARDL) approach, Sulaiman et al. (2013) confirmed that trade
openness had a significant long-run negative effect on CO2 emis-
sions in Malaysia, which was also found in Europe and North Asia
(Kais and Sami, 2016). But some researchers found different re-
lationships between trade openness and CO2 emissions. Shahzad
et al. (2017) concluded that trade openness had a positive impact
on emissions both in the short and long run during 1971e2011 in
Pakistan. Fossil energy is the primary contributor to CO2 emissions
(Zhao et al., 2016). Therefore it is important to change the energy
structure by adopting clean and renewable energy to replace fossil
energy. Zhou et al. (2017) proposed to increase the proportion of
such clean energy as nuclear and wind power in northeast China,
and establish the circular economy industrial chain by compre-
hensive processing of resources to improve the utilization effi-
ciency of energy in southwest and northwest China. Salahuddin
and Gow (2014) encouraged Cooperation Council countries to

Nomenclature

CO2 Carbon Dioxide
GDP Gross Domestic Product
GHG Greenhouse Gas
IPCC Intergovernmental Panel on Climate Change
CE Carbon Dioxide Emissions
POP Population Size
EI Energy Intensity
TO Trade Openness
UR Urbanization Rate
ES Energy Structure
PRE Precipitation
MTA Mean Temperature Anomaly
HDD Heating Degree Days
CDD Cooling Degree Days
PCA Principal Component Analysis
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