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Abstract: The impact of human carbon emissions on climate has generated widespread global concern. We selected 24 countries as 

research objects and analysed the changes in carbon emissions in different countries between the establishment of emission reduction 

actions in 1990 and 2014. Then, we selected 19 factors representing four categories (economy, population, technology and energy) to 

explore the key factors that led to changes in carbon dioxide (CO2) emissions in different countries. Emission reduction actions since 

1990 did not lead to marked improvements, and only five countries (Russia, Germany, the United Kingdom, Italy and France) achieved 

reductions in carbon emissions. The factors that influenced CO2 emissions varied among countries. In most developing countries, reduc-

tions in CO2 emissions were caused by reductions in poverty and inherent natural conditions. Moreover, the extent of influence of a 

given factor on CO2 emissions differed among countries. The global economic crisis may cause similar fluctuations in CO2 emissions in 

many countries. Adjustments to energy and industrial structures are the main reason for the reduction in carbon emissions, whereas eco-

nomic growth and urbanization are the two major contributors to the growth of carbon emissions. According to historical carbon emis-

sions data, a green energy revolution must be implemented to address global climate change and ensure the sustainable development of 

human societies. 
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1  Introduction 

Climate change is a global issue. The Sustainable De-
velopment Goal 13 is ‘Climate Action’. According to 
the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC), the average tempera-
ture of the Earth’s surface rose by approximately 0.85 
degrees from 1880 to 2012. In the Northern Hemi-
sphere, 1983–2012 was the hottest period in nearly 1400 
years. Since the 1950s, human activities have contrib-

uted to more than half of global warming (Qin and 
Stocker, 2014). Identifying a method of reducing carbon 
dioxide (CO2) that can be implemented along with so-
cial development has become a focus of the interna-
tional community. In the first World Climate Conference 
held in Geneva in 1979, climate change was included in 
the agenda as a matter of concern of the international 
community. Subsequently, various governments have 
carried out negotiations and cooperated to reduce CO2 
emissions and address global climate change since the 
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first IPCC evaluation report in 1990 and the ‘Frame-
work Convention on Climate Change’ in 1992. How-
ever, the implementation of emission reduction plans 
and the promotion of low-carbon economies have en-
countered many difficulties. The attitudes and policies 
of individual countries regarding emission reductions 
differ because their interests and national conditions 
differ. Carbon rights negotiations affect the right of 
countries to development..Therefore, it is necessary to 
strengthen cooperation between countries when ad-
dressing global climate change, which is emphasized in 
Sustainable Development Goal 17. Some politicians 
assert that mitigation actions will limit economic growth 
and employment and that action to reduce emissions are 
not conducive to social stability. Therefore, they resist 
emissions reduction through political decision-making. 
It is undeniable that some emission reduction actions 
can be expected to negatively impact the social econ-
omy. Determining ways to reduce carbon emissions 
while achieving economic growth and maintaining so-
cial stability has become a challenge for humanity. 

According to statistics published by the World Bank, 
world carbon emissions showed an increasing trend 
from 1990 to 2014. In 1990, the world’s CO2 emissions 
were 22.15 billion t, and by 2014, this number had 
grown to 36.14 billion t. The impacts of global climate 
change on ecosystems and human societies are becom-
ing increasingly apparent. In December 2015, leaders in 
Pairs committed to achieving global net decarbonization 
of human activities before 2100. However, the Paris 
documents contain few specific prescriptions for emis-
sions mitigation, thus leaving various countries to pur-
sue their own agendas. Anthropogenic emissions need to 
peak within the next 10 years to maintain realistic path-
ways towards meeting the CO2 emission and warming 
targets, barring unforeseen and transformative techno-
logical advancements (Walsh et al., 2017). In December 
2018 at the 24th UN Climate Conference in Poland, 
representatives from more than 200 countries and or-
ganizations negotiated the implementation rules of the 
Paris Agreement. One of the core objectives of the con-
ference is to establish a uniform and transparent set of 
guidelines for countries to report greenhouse gas emis-
sions and emission reduction efforts. A preliminary 
consensus regarding that goal was reached in the latter 
part of the negotiations. Although rules are important, 
documents do not reduce carbon emissions, and actions 

must be implemented. Thus, research on CO2 emission 
dynamics and the key influencing factors are urgently 
required to address global climate change and achieve 
the goal of reducing CO2 emissions.  

The CO2 emissions of a given country are affected by 
many factors. The drivers of carbon emissions include 
economic, population, technological, and energy drivers. 
However, significant uncertainties exist regarding the 
degrees of influence and the direction of action. Re-
garding economic factors, researchers are committed to 
determining whether ‘economic growth’ and ‘CO2 emis-
sions’ follow the ‘environmental Kuznets curve’ (EKC). 
Along an EKC, the emissions of CO2 and other pollut-
ants increase with economic growth at the initial stage 
of economic development but decrease with economic 
growth after the economy reaches a certain level 
(Grossman and Krueger, 1991). While the bulk of early 
studies evaluated time series models of environmental 
degradation and economic growth, recent empirical 
frameworks have begun to entertain panel data regres-
sion models (Friedl and Getzner, 2003; Dinda and 
Coondoo, 2006; Liao and Cao, 2013; Dogan and 
Turkekul, 2016). Some scholars have also discussed the 
trade-off between economic growth and carbon emis-
sions by building models, such as generalized method of 
moment estimators and autoregressive distributed lag 
models (Mi et al., 2017). Subsequent studies found that 
the industrial structure, international trade and other 
economic factors also have important impacts on CO2 
emissions (Li et al., 2016; Peters et al., 2011). Cities 
with higher economic levels play an important role in 
the process of climate change, are home to half of the 
world’s population and produce 75% of the world’s CO2 
(Mi et al., 2019). Urbanization and carbon emissions 
can also be studied by EKCs, although the EKC does 
not apply to all areas (Xu et al., 2016; Xu and Lin, 2016; 
He et al., 2017; Katircioğlu and Katircioğlu, 2018). The 
EKC reflects the complexity of the economic role of 
carbon emissions (Xu et al., 2016). Many scholars have 
attempted to determine the elasticity coefficient between 
population and CO2 emissions. The extent and direction 
of the impact of the population on CO2 emissions may 
differ among economic levels (York et al., 2003; Shi, 
2003). Population growth has been identified as a poten-
tially important driving force in future carbon emissions. 
However, as the population grows, additional researchers 

may become engaged in research on clean technologies 
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and thereby help mitigate climate change (Li and Yuan, 
2014). In addition, the effects of technological progress 
on the environment remain unclear. Clean technology 
may have a positive impact on the environment, 
whereas the progression of dirty technology will further 
accelerate CO2 emissions (Acemoglu et al., 2012). The 
development of renewable energy technologies can fa-
cilitate the realization of a low-carbon economy (Lin 
and Zhu, 2019). Comprehensive research on economic 
growth, energy use and CO2 emissions is a hot topic 
(Lean and Smyth, 2010; Wang et al., 2015; 2017; Dong 
et al., 2018). Economic growth may reduce climate 
vulnerability, whereas the associated increased per 
capita use of fossil fuels will increase national CO2 
emissions (Grecequet et al. 2019). Previous research 
has shown that energy efficiency plays a leading role in 
reducing CO2 emissions in China and Turkey (Zhang et 
al., 2017; Köne and Büke, 2019). The impact of the 
energy structure on the reduction of China’s emissions 
is greater than its impact on industrialization (Xu and 
Lin, 2016).  

There is much uncertainty regarding the impacts of 
various factors on the world's CO2 emissions. Many 
studies have conducted quantitative and qualitative 
analyses of the causal relationships between sin-
gle-factor or two-factor influences and area-specific 
CO2 emissions (Narayan et al., 2016). However, com-
parative analyses of the impacts of carbon emissions in 
different countries and the driving influences of various 
factors are few. A comprehensive evaluation is required 
to analyse the factors influencing carbon emissions in 
various countries. Moreover, differences among coun-
tries in the dominant factors should be determined to 
identify key measures for reducing emissions. Under-
standing the changing trends of CO2 emissions in dif-
ferent countries is of great significance for formulating 
appropriate policy responses to global climate change. 
In addition, such understanding can help individual 
countries identify international partners and implement 
emission reduction measures. Such understanding is 
also necessary to develop new models for the sustain-
able development of green and low-carbon emissions. 
This study uses multi-year CO2 emission data from ma-
jor countries throughout the world to analyse the 
changes in CO2 emissions over the last 20 years. Using 
19 factors associated with the realms of economy, 
population, technology and energy, an evaluation system  

is constructed to analyse the leading factors driving 
carbon emission changes in different countries. The re-
search objectives are to 1) analyse the dynamics of CO2 
emissions in different countries to identify the key fac-
tors affecting carbon emissions in each country, 2) ana-
lyse the similarities and differences in impact factors 
among these countries to determine the main forces 
driving CO2 emissions reduction worldwide and 3) pro-
vide scientific support for building a green low-carbon 
social development model. The findings of this study 
may contribute to the realization of sustainable human 
development goals by the UN. 

2  Materials and Methods 

2.1  Study area 
The following twenty-four countries were selected as 
research subjects: China (mainland), the United States, 
India, Russia, Japan, Germany, Iran, Saudi Arabia, 
South Korea, Canada, Brazil, South Africa, Mexico, 
Indonesia, the United Kingdom, Australia, Turkey, Italy, 
Thailand, France, Pakistan, Philippines, Nigeria and 
Bangladesh. These countries had the top 20 carbon 
emissions in the world in 2014 or had populations 
greater than 100 million in 2014. Moreover, these coun-
tries were selected because the attitudes and actions of 
the major and most populous countries that are facing 
climate change are crucial to the global reduction of 
carbon emissions. The reduction of carbon emissions is 
related to the survival and development of mankind. 
Therefore, this study included countries with popula-
tions greater than 100 million in 2014. Thus, 24 coun-
tries were ultimately studied. The sum of the CO2 emis-
sions from the 24 countries in 2014 accounted for more 
than 80% of the world’s combined CO2 emissions. 
Countries with high human development indices, high 
per capita gross national product, high levels of indus-
trialization, and high quality of life can be called devel-
oped countries. According to the certification of the de-
veloped economies in the World Economic Outlook is-
sued by the International Monetary Fund (IMF, 
https://www.imf.org/zh/Publications/WEO/Issues/2019/ 
07/18/WEOupdateJuly2019), nine of the 24 countries 
are developed countries: the United States, Japan, Ger-
many, South Korea, Canada, the United Kingdom, Aus-
tralia, Italy and France. The remaining 15 are develop-
ing countries (Fig. 1).  
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Fig. 1  CO2 emissions for the world major countries in 2014 

 
2.2  Data and methods 
The CO2 and socioeconomic data used in this study are 
from the World Bank (https://data.worldbank.org/). The 
annual average carbon emissions and annual average 
carbon emissions per unit area of the world’s major 
countries from 1960 to 2014 were selected as important 
indicators. Because the cumulative global CO2 emission 
statistics were based on data from 1990, and the Kyoto 
protocol in 1990 was also used as a baseline for carbon 
emissions. Therefore, the period 1990–2014 was se-
lected to analyse the changes in carbon emissions and 
the influencing factors in different countries.  

Nineteen factors were selected, representing eco-
nomic, population, technological management and en-
ergy factors, and their influences on country-level and 
per capita CO2 emissions were analysed. GDP, per cap-
ita GDP, the annual rate of change in per capita GDP 
and the proportional contribution of the three major in-
dustries to the GDP were used to represent the economic 
aspects. The total population, Percentage of the total 
population living in urban areas with over one million 
people and the proportions of the total population living 
in rural and urban areas were used to represent the 
population factors. ‘GDP unit energy consumption’ 
represents the GDP unit generated by the value of GDP 
(2011 constant US dollars/kg oil equivalent), whereas 
forest area and forest share of land area represent the 
technological management factors. In addition, the per-

centage of the total energy use represented by alterna-
tive energy and nuclear energy, the proportional contri-
bution of fossil fuel energy consumption to the total en-
ergy consumption, and per capita energy use were used 
to represent the energy factors.  

Statistical methods were applied to analyse the na-
tional CO2 emission data. Charts were constructed to 
illustrate trends, accumulation, rates of change and other 
information. Principal component analysis of the 19 
impact factors was implemented in SPSS software, and 
the principal components with eigenvalues greater than 
1 were extracted. Correlation analysis was used to test 
the correlations between the extracted principal compo-
nents and both national carbon emissions and per capita 
carbon emissions. Then, the compositions of the princi-
pal components with strong correlations were analysed 
to obtain the key factors affecting the change in CO2 
emissions in various countries. 

3  Results 

3.1  Changes in carbon emissions 
3.1.1  Changes in total carbon emissions 
From 1990 to 2014, all the studied countries showed fluc-
tuating CO2 emissions (Table 1), and the fluctuations from 
2008 to 2010 were the most pronounced. Before 2008, five 
countries had declining CO2 emission trends. Twenty 
countries showed substantial reductions in their CO2 emis-
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sions from 2008 to 2010 and then sharp increases thereaf-
ter. Throughout the study period, CO2 emissions in most 
countries showed upward trends, and only five countries 
showed reductions in CO2 emissions: Russia, Germany, the 
United Kingdom, Italy and France. All of these countries 
are located in Europe. Except for Russia, all countries are 
developed countries. The country with the largest average 
annual reduction was Russia. During the study period, 
Russia’s carbon emissions decreased by an average of 
16.97 million t per year. The three countries with the larg-
est annual average increases were China (327.06 million t), 
India (67.47 million t) and Iran (18.29 million t). The av-
erage annual carbon emissions growth was much higher in 
developing countries (32.20 million t) than in developed 
countries (2.61 million t). The countries with more than 
300% growth in CO2 emissions were Bangladesh and 
China. The countries with growth rates between 100% and 
300% were India, Iran, Saudi Arabia, South Korea, Brazil, 
Indonesia, Turkey, Thailand, Pakistan, Philippines and Ni-
geria. Countries with growth rates of less than 100% in-
cluded the United States, Japan, Canada, South Africa, 
Mexico and Australia.  
3.1.2  Changes in per capita carbon emissions 
The per capita CO2 emissions fluctuated over time in 
all the studied countries (Table 2). Seven countries 
exhibited reductions in per capita CO2 emissions: the 
United States, Russia, Germany, the United Kingdom, 

Australia, Italy, and France. Among these seven, six 
are developed countries. In addition, the per capita CO2 
emissions of the six developed countries showed con-
tinuous declines in different periods. The country with 
the greatest average annual per capita CO2 emission 
reduction, 0.134 t, was the United Kingdom. The per 
capita CO2 emissions of the remaining 17 countries 
generally increased over time. Among them, the coun-
try with the largest annual average increase, 0.340 t, 
was Saudi Arabia. The countries with per capita growth 
rates of CO2 emissions exceeding 200% were China 
and Bangladesh. Five countries had growth rates of 
100%–200%, namely, India, Iran, South Korea, Indo-
nesia and Thailand. Ten countries had per capita emis-
sions of less than 100%: Japan, Saudi Arabia, Canada, 
Brazil, South Africa, Mexico, Turkey, Pakistan, Phil-
ippines and Nigeria.  
3.1.3  Changes in carbon intensity 
Among 24 countries, the developing countries of Iran, 
Saudi Arabia, Bangladesh, Thailand, Brazil and Indone-
sia exhibited increases in the intensity of carbon emis-
sions, whereas the remaining countries exhibited de-
creases (Fig. 2). Among the 10 countries with the high-
est carbon emission reduction rates, nine are developed 
countries, and one is a developing country: China. Addi-
tionally, China was the country with the highest reduc-
tion in carbon intensity ratio (58.1%). However,  

 
Table 1  Changes in CO2 emissions in the major countries of the world 

Country Change rate* (%) Average annual change (million t) Country Change rate (%) Average annual change (million t)

China 321.38 327.06 Mexico 50.83 6.74 

United States 8.93 17.95 Indonesia 210.35 13.11 

India 261.52 67.47 United Kingdom –24.48 –5.67 

Russia** –17.96 –16.97 Australia 36.99 4.06 

Japan 10.75 4.91 Turkey 137.20 8.34 

Germany*** –22.59 –9.13 Italy –23.26 –4.05 

Iran 208.59 18.29 Thailand 248.23 9.39 

Saudi Arabia 223.49 17.30 France –19.28 –3.02 

South Korea 137.77 14.18 Pakistan 142.54 4.07 

Canada 23.44 4.25 Philippines 152.98 2.66 

Brazil 153.63 13.37 Nigeria 145.64 2.38 

South Africa 56.32 7.35 Bangladesh 371.18 2.40 

Notes: *Ratio of changes in the total CO2 emissions compared to the 1990 CO2 emissions between 1990 and 2014. **The total volume of CO2 emissions from the 
Russian Federation was considered starting from 1992 due to a lack of data, ***The total volume of CO2 emissions from Germany was considered starting from 
1991 due to a lack of data 
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Table 2  Changes in per capita CO2 emissions in the major countries of the world 

Country Change rate* (%) Average annual change (t) Country Change rate (%) Average annual change (t)

China 250.62 0.225 Mexico 3.64 0.006 

United States –14.66 –0.118 Indonesia 120.71 0.041 

India 143.13 0.042 United Kingdom –33.09 –0.134 

Russia** –15.18 –0.096 Australia –0.54 –0.003 

Japan 7.50 0.028 Turkey 66.04 0.074 

Germany*** –23.52 –0.130 Italy –28.40 –0.087 

Iran 121.28 0.189 Thailand 188.00 0.126 

Saudi Arabia 71.61 0.340 France –28.77 –0.077 

South Korea 100.86 0.242 Pakistan 40.75 0.011 

Canada 3.46 0.023 Philippines 56.55 0.016 

Brazil 85.50 0.050 Nigeria 32.62 0.006 

South Africa 7.66 0.027 Bangladesh 213.88 0.013 

Notes: *Ratio of the 2014 per capita CO2 emissions to the 1990 per capita CO2 emissions, **The total volume of CO2 emissions from the Russian Federation was 
considered starting from 1992 due to a lack of data, ***The total volume of CO2 emissions from Germany was considered starting from 1991 due to a lack of data. 

 
China’s 2014 emission intensity was 10 times that of 
France and four times that of the United States. The 
world’s overall mitigation actions have made limited 
progress in reducing carbon intensity. Developed coun-
tries have made significant contributions to reducing 
carbon intensity. China is also investing substantial ef-
fort to implement emission reduction policies; however, 
there remains substantial opportunity for further reduc-
ing China’s carbon intensity. The international commu-
nity must pay attention to limiting the growing carbon 
intensities of Iran and Saudi Arabia (the main fossil en-
ergy-consuming countries). The growing carbon intensi-
ties of Iran and Saudi Arabia, major fossil-energy coun-
tries, need to be restricted. 

Efforts to reduce emissions have had limited success. 
The global reduction in carbon emissions between 1990 
and 2014 was small. However, carbon intensity in most 
countries has fallen sharply, especially in developed 
countries. Carbon emissions and per capita carbon 
emissions are rising in most countries. In the years when 
the global economic crisis erupted, the fluctuations in 
carbon emissions were similar among many countries. 
From 1998 to 2000, the carbon emissions of 10 coun-
tries experienced similar trends, with initial reductions 
and then sharp increases. From 2008 to 2010, the carbon 
emissions of 18 countries exhibited almost simultaneous 
changes. Among the 24 countries, five countries exhib-
ited reductions in total and per capita carbon emissions.  

Russia exhibited significant reductions in CO2 emissions 
due to the extensive social reforms that have been un-
derway since 1992. Historical factors, such as low en-
ergy demand, are inextricably linked. Since Russia’s 
carbon dioxide emissions have been increasing since 
2002, only four of the 24 countries studied (Germany, 
the United Kingdom, Italy and France) have success-
fully completed the ‘Sustainable Emissions Reduction 
Action’. In terms of emission-reduction efforts, some 
developed countries in the European Union have set an 
example for the rest of the world. 

 

Fig. 2  Carbon intensity change rate from 1990 to 2014 
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Table 4  Coefficients of the correlations between each of total carbon dioxide emissions and per capita carbon dioxide emissions and 
primary factors  

CO2 emissions Per capita CO2 emissions 
Country 

F1 F2 F3 F4 F1 F2 F3 F4 

China 0.958** –0.044 – – 0.953** –0.038 – – 

United States –0.518* –0.380 0.579* – –0.914** –0.213 0.283 – 

India 0.967** –0.168 – – 0.957** –0.178 – – 

Russia** 0.032 0.789** –0.170 – 0.220 0.824** –0.079 – 

Japan 0.177 0.607** 0.322 – –0.004 0.686** 0.199 – 

Germany*** –0.972** 0.078 0.102 – –0.977** –0.051 0.072 – 

Iran 0.978** 0.016 –0.017 0.178 0.979** 0.000 0.019 0.146 

Saudi Arabia 0.935** 0.133 0.154 – 0.687** 0.212 0.168 – 

South Korea –0.947** 0.280 0.105 – –0.933** 0.300 0.114 – 

Canada –0.760* 0.430 –0.058 – –0.932** 0.280 –0.048 – 

Brazil 0.945** –0.107 –0.201 0.211 0.917** –0.196 –0.161 0.267 

South Africa 0.948** –0.104 –0.005 – 0.646** –0.247 0.204 – 

Mexico 0.974** –0.097 0.051 – 0.708** –0.050 0.064 – 

Indonesia 0.913** 0.177 –0.067 – 0.884** 0.190 –0.034 – 

United Kingdom –0.857** –0.114 0.456* – –0.932** –0.072 0.326 – 

Australia 0.916** 0.167 –0.136 0.132 0.602** 0.544** –0.460* 0.281 

Turkey 0.985** 0.042 0.069 – 0.965** 0.067 0.055 – 

Italy –0.409* 0.878** –0.185 – –0.537** 0.817** –0.164 – 

Thailand 0.987** –0.020 0.087 – 0.979** –0.055 0.099 – 

France –0.544** 0.397* –0.612** – –0.848** 0.241 –0.390 – 

Pakistan 0.991** 0.012 –0.078 –0.033 0.943** 0.056 –0.186 –0.172 

Philippines 0.929** 0.197 0.206 –0.146 0.630** 0.348 0.541** –0.150 

Nigeria 0.796** 0.356 –0.014 – 0.495* 0.529** –0.005 – 

Bangladesh 0.975** – – – 0.973** – – – 

Notes: * indicates a significant correlation at the 0.05 level (bilateral). ** indicates a significant correlation at the 0.01 level 
 

3.2  Factors affecting carbon emissions 
We performed a principal component analysis (Table 3) 
and correlation analysis (Table 4) to analyse the key 
factors affecting carbon emissions in each country. Prin-
cipal components that had strong correlations (positive 
or negative) with national carbon emissions were se-
lected. The loadings of the factors on the principal 
components were analysed to determine the dominant 
factors affecting CO2 emissions. The key factors affect-
ing carbon emissions differed among countries. In addi-
tion, some factors were shared among countries but with 
different effects (Table 5).  

The population category was the most influential 
category affecting the increase of carbon emissions, and 
total population and urban population were the most 
influential factors. In 18 of the 24 countries, carbon 
emissions were strongly and positively correlated with 

these two factors. These countries include both typical 
populous countries, such as China, India, Indonesia, 
Pakistan and Bangladesh, and countries with extremely 
high urban populations, such as Japan, Brazil and Aus-
tralia. In 2014, the urban population in each of these 
countries exceeded 85% of the total. Furthermore, the 
impact of economic factors on carbon emissions was 
significant. The GDP indicator was positively correlated 
with carbon emissions in more than half of the coun-
tries. In considering the global economic background, 
we noticed that the Asian financial crisis in 1998 and the 
United States subprime mortgage crisis in 2008 led to 
economic trauma in the corresponding countries. The 
CO2 emissions in these years exhibited strong reduc-
tions. Since these crises occurred, the demand for revi-
talizing the economy has increased. After the economic 
crises, CO2 emissions underwent apace increases. Thus,  
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Table 5  Main factors affecting carbon emissions in various countries.  

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19

China     + +  – + +      + + + + 

United States  –  –       –         

India +  +  + + + – + +    +    + + 

Russia +  + –        + –  +     

Japan + – + +           +     

Germany – + –           –   + –  

Iran     +   – + +     +     

South Korea     +    +  –       –  

Saudi Arabia     +  +  +           

Brazil     + + – – + +        – – 

Mexico +    +   – + +        – – 

Indonesia     +   – + +     +   – – 

Canada + +    +  – + +        – – 

South Africa +    + +  – + +          

United Kingdom –  –  – –  + – –    –  –    

Australia +  +  +   – + +          

Italy +  +    –       – + –    

France – –  –  –        – + –    

Turkey +    + +  – + +        + + 

Thailand +              +     

Pakistan +  +  + +  – + +        – – 

Philippines +    +  +  +    +       

Nigeria +    +   – + +          

Bangladesh +  +  + +  – + +       + – – 

Notes: “+”: Positive correlation; “–”: Negative correlation; X1: GDP (Constant 2010 US $); X2: GDP growth rate; X3: Per capita GDP (Constant 2010 US $); X4: Per 
capita GDP growth rate; X5: Total population; X6: Percentage of the total population living in urban areas with over one million people; X7: Rural population; X8: 
Percentage of the total population living in rural areas; X9: Urban population; X10: Proportion of the urban population to the rural population; X11: Percentage of 
agricultural added value; X12: Percentage of industrial added value; X13: Percentage of services and other added value; X14: GDP unit energy consumption ($/kg of 
oil equivalent); X15: Per capita energy use; X16: Alternative energy and nuclear energy as a percentage of the total energy use; X17: Fossil fuel energy consumption 
as a percentage of total energy consumption; X18: Forest area; and X19: Forest area as a percentage of total land area. 

 

global economic crises led to changes in carbon emis-
sions in the affected countries. Technological manage-
ment factors showed strong correlations with carbon 
emissions in the countries with reduced carbon emis-
sions. GDP unit energy consumption (2011 constant US 
dollars/kg oil equivalent) showed a negative correlation 
with emissions in the United Kingdom, France, Ger-
many, and Italy, which indicates that increases in energy 
efficiency can reduce CO2 emissions. The use of clean 
energy was significantly negatively correlated with 
emissions in France and Italy, and increases in the pro-
portion of clean energy were associated with reduced 
emissions. These findings indicate that population fac-
tors and economic factors are positively correlated with 
carbon emissions and that technical factors are nega-
tively correlated with energy factors and carbon emis-

sions. Increases in the urban population and rapid eco-
nomic development are the main factors leading to in-
creased carbon emissions in most countries. Clean en-
ergy development is the main factor driving reductions 
in carbon emissions. 

4  Discussion 

4.1  Leading factors driving changes in carbon 
emissions in different countries 
This study shows that global carbon reduction actions 
have achieved limited results. Carbon intensity has de-
creased in many countries. However, the reduction in 
carbon emissions is small. This outcome reflects the 
attitudes of different countries towards carbon emission 
reductions and the objective status quo of social devel-



390 Chinese Geographical Science 2020 Vol. 30 No. 3 

opment in these countries. Climate change governance 
and reduction of carbon emissions are not only issues of 
the natural sciences but also political, economic, social, 
ethical issues. There is a large gap between the social 
development stage and the life quality of people of the 
developed and developing countries. Attitudes towards 
balancing carbon emission reduction and social eco-
nomic development also differ between developed and 
developing countries. In this study, Russia was the only 
developing country found to achieve both total and per 
capita carbon emissions reductions. Germany, Britain, 
France and Italy also achieved total and per capita emis-
sion reductions; are all developed countries. These de-
veloped countries have succeeded in transforming into 
low-carbon societies and have achieved a balance be-
tween reducing carbon emissions and economic devel-
opment. However, the poorest countries face greater 
threats from climate change. How to achieve fairness and 
justice in the international community and the environ-
ment represents a key issue in international climate nego-
tiations. In addition, the dominant factors influencing 
carbon emissions differ among countries. However, some 
common characteristics are observed, and new ideas are 
needed to implement emission reduction actions. 
4.1.1  Factors affecting carbon emissions in develop-
ing countries 
Developing countries are countries with lower human 
development indices, per capita gross national product, 
industrialization levels and quality of life than devel-
oped countries. For developing countries, improving 
social and economic levels and eliminating extreme 
poverty are the top priorities. Economic development 
and increases in the urban population are the main rea-
sons for the growth of carbon emissions in most coun-
tries. For a developing country with a large population, 
the large population size will inevitably lead to substan-
tial demands for resources and force the rapid develop-
ment of the economy to ensure a stable life for the citi-
zens (Wang and Zhao, 2018; Li et al., 2018). Economic 
development is inseparable from the support of energy, 
which has increased the CO2 emissions of various coun-
tries. Taking China and India as examples, the CO2 
emissions of both countries have continued to grow al-
most every year. Economic development in both coun-
tries is highly dependent on fossil energy. Since the 21st 
century, China’s economy has rapidly developed to be-
come the second largest economy in the world. The 

country’s urbanization has accelerated, and nationalized 
metropolises and urban agglomerations have emerged. 
As a populous country, India not only has a large popu-
lation but also has undergone rapid population growth, 
with the population increasing by 49% during the study 
period. Rapidly growing populations and urban eco-
nomic construction have resulted in substantial energy 
demands, and China and India continue to increase their 
CO2 emissions. For developing countries with rapid ur-
banization, such as Brazil, urbanization proceeds in the 
absence of effective planning, and the expansion of ur-
ban land caused by urbanization leads to deforestation. 
From 1990 to 2014, Brazil’s forest area decreased; it 
currently has a total area of 521 830 km2 and accounts 
for 6.24% of the total land area of Brazil. Forest areas 
are important carbon sinks; they are important for car-
bon sequestration and climate regulation. The results 
indicate that the forest area of Brazil has a significant 
negative correlation with CO2 emissions. The reduction 
of forest emissions is one of the most important strate-
gies for reducing emissions worldwide (Keenan, 2017). 
As the forest area of Brazil is the most abundant rain-
forest resource in the world, the significant reduction in 
its area is a key factor leading to increased CO2 emis-
sions in the country has affects climate change through-
out the world (Hamilton and Friess, 2018). China and 
India have dominated the global increase in vegetation 
over the past 20 years through afforestation and im-
proved agricultural efficiency, thereby making important 
contributions to global greening (Chen et al., 2019). 
Despite being blamed for total carbon emissions data, 
the two most populous countries are making efforts to 
achieve global emissions reductions in various ways. 
4.1.2  Factors affecting carbon emissions in devel-
oped countries 
Compared with developing countries, developed coun-
tries have higher human development index values, per 
capita gross national product, industrialization levels 
and quality of life and are more likely to transition to a 
low-carbon society. The main factor affecting the 
growth of carbon emissions in developed countries is 
high per capita energy use. For developed countries such 
as the United States, Japan, and South Korea, the level 
of economic development, urban population proportion, 
quality of life, and per capita energy use are all high. 
Identifying a method of reducing per capita energy use 
and improving energy efficiency through technological 
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and energy strategies is important for controlling carbon 
emissions. Among such strategies, clean energy devel-
opment is the main force driving reductions in carbon 
emissions. After 2010, two developed countries in North 
America, i.e., the United States and Canada, began to 
focus on developing low-carbon economies, increasing 
the use of alternative energy and nuclear energy, im-
proving energy efficiency, and reducing the per capita 
energy consumption (Cai et al., 2018). As a result, emis-
sions growth in the United States and Canada has de-
clined since 2010. Germany, the United Kingdom, Italy, 
and France are the most active developed countries with 
respect to promoting the development and use of alter-
native energy sources. In 2014, the use of alternative 
energy and nuclear energy accounted for more than 50% 
of France’s energy. After 2005, Germany, the United 
Kingdom, Italy, and France had a unit GDP energy con-
sumption of approximately 10 (2011 constant US dol-
lars/kg oil equivalent) and high resource utilization effi-
ciency. In Italy, the energy consumption per unit GDP in 
2014 was 14.06 (2011 constant US dollars/kg oil 
equivalent), which was approximately 2.5 times that of 
China and 1.9 times that of the United States. The in-
dustrial structure also affects the carbon emissions of 
developed countries. The development process and cur-
rent situation of developed countries can provide valu-
able information for developing countries. 

4.2  Global strategy for achieving both carbon 
emission reductions and social development 
4.2.1  Common but differentiated responsibilities 
Table 1 shows that the countries with the highest growth 
in carbon emissions do not correspond to the countries 
with the largest increases in carbon emissions. Similarly, 
the countries with the highest carbon emissions differ 
from those with the highest carbon emissions per capita. 
For this reason, we are wary of using ‘change’ and ‘rate 
of change’ to measure the carbon emissions of a country 
and allocate emission reduction targets.  

The development history of certain countries, the 
‘base’ issue of carbon emission levels, and historical 
carbon emissions should all be considered when study-
ing carbon emissions in various countries. The CO2 
emissions data from 22 countries worldwide from 1960 
to 2014 released by the World Bank (Germany and 
Russia were not included due to a lack of data) were 
collected to calculate the annual average carbon 
emissions in each country (Fig. 3a) and the annual av-
erage carbon emissions per unit land area (Fig. 3b). 
The annual average carbon emissions can reflect the 
overall level of carbon emissions in each country for 
half a century. The annual average carbon emissions 
per unit area reflect the intensity of production in the 
country and represent an indicator of the level of car-
bon emissions per unit area.  

 

Fig. 3  Annual average carbon emissions (a) and carbon emissions per unit area (b) from 1960 to 2014 
 
 



392 Chinese Geographical Science 2020 Vol. 30 No. 3 

 

In terms of annual average CO2 emissions, seven of 
the nine developed countries are in the top 10, with the 
United States being the country with the highest carbon 
emissions; this country has an average annual carbon 
emission amount of 4723 million t. The average carbon 
emissions of developing countries, such as China and 
India, were also high over the half-century, with China 
and India ranking 2nd and 4th, respectively, among the 
22 countries. Regarding the annual average carbon 
emissions per unit of land area, Japan, South Korea, and 
the United Kingdom have carbon emission values of 
more than 2000 t, which are much higher than the val-
ues in other countries. These three countries have small 
land areas but high degrees of industrialization. All three 
countries have values that are more than four times the 
average for all the other countries. Of the six countries 
that have annual average carbon emissions per unit area 
of more than 500 t, all are developed countries. In terms 
of carbon emissions per unit area, developed countries 
with high development levels but small land areas have 
much higher levels of carbon emissions than developing 
countries because of their spatially intensive production 
activities and large amounts of CO2 emissions.  

The carbon emissions of the eight developed coun-
tries accounted for 46.6% of the total carbon emissions 
in 1960 but only 24.9% of the total emissions in 2014. 
One reason for this significant decline is the slow 
growth of carbon emissions in developed countries over 
the past 20 years. However, a more important reason is 
that the political environment of the world is more sta-
ble, and a large number of developing countries have 
initiated industrialization and urbanization processes. 
During economic growth, the acceleration of industri-
alization is necessary for the accumulation of capital, 
and this stage is accompanied by energy consumption 
and CO2 emissions. Developed countries have long his-
tories of development since the United Kingdom began 
the industrial revolution in the 19th century. The eco-
nomic development of the United Kingdom was at the 
forefront of the world, and its carbon emission levels 
were also at the forefront. Currently, most developed 
countries have completed the transformation of their 
industrial structure, and the high energy consumption 
and high emissions from industry have gradually been 
replaced by lower levels of consumption and emissions 
from cleaner industries. Through the accumulation of 
capital, some developed countries have implemented 

technological upgrades to develop low-carbon econo-
mies while achieving economic growth and reducing 
carbon emissions. Most of the industrial development in 
developing countries began late because of issues asso-
ciated with capital, technology and other conditions, and 
these countries are now in high energy consumption and 
high emission stages. Some developing countries have 
higher carbon emissions than some developed countries; 
however, this comparison is of little significance be-
cause the historical development of different countries is 
different. Thus, accusing developing countries of high 
carbon emissions is clearly one-sided and unfair. There-
fore, in seeking emission reductions, the allocation of 
emission reduction tasks should consider both current 
carbon emissions data and the historical development 
stage of carbon emissions in developed countries.  
4.2.2  Strengthening cooperation to achieve sustain-
able carbon reduction  
Countries differ in their attitudes towards emissions re-
duction according to their own conditions and interests. 
In the 2019 United Nations Global Climate Change 
Conference, the interests of various countries varied, 
resulting in no progress at the conference. However, 
global climate change threatens the survival and devel-
opment of all mankind, and everyone should be held 
accountable. Global carbon credits belong to public 
pond resources, and they are both non-exclusive and 
competitive. To maximise the short-term benefits, indi-
vidual users tend to over-explore and utilize resources, 
which threatens the sustainable use of resources and the 
overall benefits to the world (Ostrom, 2009). Therefore, 
all countries should adopt an attitude of fairness and 
actively undertake appropriate tasks to reduce emissions 
to contribute to the realization of the sustainable devel-
opment of mankind (Peters et al., 2017). Economic de-
velopment is the main force underlying the growth of 
carbon emissions throughout the world. The utilization 
of energy and the development and utilization of clean 
energy are the keys to reducing emissions (Fulton et al., 
2017). The cost of carbon emissions is enormous, and it 
is impossible to rely on certain countries to complete 
this task; thus, all nations must unite to weather the 
storm (Walsh et al., 2017).  

For developed countries at a mature stage of eco-
nomic development, the living standards of people are 
good, and technical standards are high. These countries 
should fulfil their own emission reduction responsibili-
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ties and be consistent with Germany, the United King-
dom, Italy and France. Regarding adjustments to the 
industrial structure and energy structure, all countries 
should develop new energy, improve energy efficiency, 
and vigorously promote low-carbon economic devel-
opment. For developing countries, economic growth and 
urbanization are the major drivers of carbon emissions 
growth. At present, the primary task of developing 
countries remains economic development and poverty 
alleviation. However, there is a gap between the rich and 
the poor in developing countries. The countries most 
severely affected by climate change are developing 
countries that are extremely poor. For these countries, 
the task of reducing emissions beyond the capacity of 
the country’s economic development should not be in-
cluded among the state's responsibilities. Otherwise, 
more serious climate and other environmental problems 
will result. Developing countries with economies that 
have steadily improved and that have solved extreme 
poverty should undertake emission reduction tasks. 
They should learn from the development experience of 
developed countries and focus on industrial restructur-
ing and new energy development and utilization. Carbon 
emissions should be controlled to allow the peak to be 
reached quickly. At the UN Climate Conference in De-
cember 2018, developing countries led by China agreed 
to implement the Paris Agreement in accordance with a 
set of emission reduction guidelines. This agreement 
shows the determination of the countries to reduce in-
ternational responsibility and reduce emissions. How-
ever, these countries will encounter many difficulties in 
their operations and will need technical support from 
developed countries. 

The implementation of inappropriate emission reduc-
tion actions has had some negative impacts on society. 
While some cities have achieved their emission reduc-
tion targets, they have ordered factories to stop produc-
tion, which has affected the social economy and peo-
ple’s lives. However, emission reduction actions and 
economic development are not completely mutually 
exclusive. People should unite in the community to 
complete the transition to a low-carbon society under 
guidance from scientists and balance emission reduction 
actions and socioeconomic development. Strengthening 
exchanges and cooperation between developing and 
developed countries is necessary to allow the global 
community to jointly address climate change and de-

velop a sustainable low-carbon economy. Regarding 
technology, energy efficiency should be improved, and 
alternative energy sources should be developed. Re-
garding the economy, the issue of carbon trading mar-
kets should be discussed when promoting green 
low-carbon economies globally. This process can also 
promote exchanges and negotiations on climate issues 
among countries (van den Bergh, 2017) and lead to the 
construction of an international open and transparent 
carbon-emissions trading system and trading market. 
However, attention should be paid to the unfairness of 
carbon-producing countries and carbon-consuming 
countries in calculating carbon emissions. New energy 
technologies and the new carbon-emissions trading 
market will promote the global green energy revolution. 
Countries that master new energy and environmental 
technologies will play a greater role than other countries 
in the green technology revolution. The green technol-
ogy revolution will generate new energy industries and 
cleaner production and consumption patterns after 
eliminating old energy use methods and production 
methods. The huge transfer of funds and technology will 
bring new employment opportunities. The highly con-
centrated fossil energy industry will be transformed into 
a much more diversified renewable energy industry in-
cluding wind and solar energy sectors, which will give 
the economy of green technology an opportunity to 
grow (Gorjian et al., 2019) Regarding environmental 
issues, countries should jointly control the unlimited 
expansion of cities, discuss methods of improving the 
efficiency of urban land use, develop new urban plan-
ning programmes and protect forest areas and ecological 
functions (Fujii et al., 2017). In this regard, exchanges 
and cooperation should occur between European coun-
tries, such as France and Germany, and developing 
countries. Such exchanges between China and South 
Africa have been established successfully and can serve 
as models for bringing developed and developing coun-
tries together to jointly address climate change and re-
duce global CO2 emissions. In recent years, interna-
tional NGOs have gradually played an increasingly im-
portant role in global climate governance and act as co-
ordinators and buffers between states and between states 
and communities. NGOs have played positive roles in 
international cooperation in emissions reduction and the 
increased prevalence of low-carbon production and life-
styles. The international community and government  
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agencies should pay attention to and cooperate with in-
ternational NGOs to achieve emission reductions. To 
achieve both the reduction of carbon emissions and so-
cial development, interdisciplinary and multi-sectoral 
exchange efforts are needed. Together, they can build a 
strong scientific foundation that guarantees policy im-
plementation and ecological security (Soussana et al., 
2019; Christis et al., 2019). In the low-carbon transi-
tion period of society, many new types of employment 
will emerge. The society will need to provide the labour 
force with new skills and to transform the supply side of 
the job market. This transformation will include the en-
rolment and development of new energy- and technol-
ogy-related majors in universities. Providing the new 
labour force with high-quality training and excellent 
human resources will be an effective way to meet these 
needs. Furthermore, the popularization of science is 
among the tasks of researchers. While strengthening 
cooperation with non-governmental international or-
ganizations, scientists should promote low-carbon life-
styles, including dietary changes, and new energy tech-
nologies (Harwatt, 2019). Let the whole people partici-
pate in low-carbon life and supervise government and 
corporate emission reduction actions. The people 
worked hard with the government and enterprises to 
complete this ‘great change unprecedented’. 

5  Conclusions 

The emission reduction actions of the world's countries 
have achieved limited success. Carbon emissions have 
fallen significantly in most countries. However, the total 
amount of carbon emissions needs to be strictly con-
trolled. Economic and demographic factors remain im-
portant factors influencing carbon emissions in most 
countries. GDP growth and urban population growth are 
the dominant factors driving increases in carbon emis-
sions. Energy and technology factors are the main fac-
tors driving reductions in carbon emissions. EU coun-
tries have achieved a balance between emission reduc-
tion and economic growth mainly due to the high pro-
portion of clean energy use and high energy efficiency. 
With the stipulation that a fair and transparent emis-
sion-reduction system and carbon emission market be 
established, this paper suggests that developing coun-
tries should pay attention to adjusting the energy struc-
ture and industrial structure based on their own devel-

opment capabilities, development of their economy and 
the elimination of extreme poverty. Countries that im-
prove energy efficiency can effectively reduce carbon 
emissions. Some developed countries should abandon 
the idea that strict emission reduction actions are not 
conducive to economic development. Britain, France, 
Germany, and Italy have become examples of 
“win-win” economic development and emissions reduc-
tion. In addition, in the context of globalization, coun-
tries should be alert to the potential for global economic 
crises to cause fluctuations in carbon emissions and, in 
such events, control carbon emissions to yield a more 
stable, less volatile state. 

All countries should actively exchange information to 
promote equality and objectiveness, appropriately allo-
cate emission reduction tasks based on the country’s 
historical background and development status, promote 
cooperation in technology and trade among all coun-
tries, and develop new energy. All sectors of society 
should abandon improper emission reduction methods, 
promote the development of a low-carbon economy and 
strive to launch the global green technology revolution. 
These efforts will help control and reduce global carbon 
emissions while ensuring socio-economic growth in 
response to global climate change, which will help 
achieve sustainable human development and improve 
people’s health and well-being. 
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