The Effect Mechanism of Population Urbanization and Carbon Emissions

in China: Based on the Co-integration Test of STIRPAT model

Abstract: Climate change and population urbanization have become dual challenges for human in
the 21 century, especially for most of developing countries. As a result of urbanization and
industrialization, carbon emissions per capita have been increased rapidly, which lead to obviously
heat island effect and regional climate change. Based on the Kaya equation and STIRPAT model,
this paper uses the co-integration test to examine the long-term impacts of population urbanization
factors on carbon emissions in China. Results show that GDP per capita and carbon intensity,
population size, urbanization level, and economic structure are important driving factors of carbon
emissions from 1978 to 2008. Wherein, the most obviously influence factors are GDP per capita and
carbon intensity, which changes each 1 percentage points, respectively, will drive carbon emissions
with the same direction changing about 1.0181 and 1.0019 percentage points; followed by
population size and urbanization level, which changes each 1 percentage points, respectively, will
result in carbon emissions with same direction changing about 0.5285 and 0.3449 percentage points;
industrial structure changing on carbon emissions effects are reversed in direction, i.e. the
proportion of tertiary industry GDP, each increasing by 1 percentage points, will drive carbon
emissions decreased by 0.0085 percentage points, although its value is smaller, but it is reflected in
the process of industrialization and urbanization, the meaning of upgrading of the industrial
structure to reduce carbon emissions is obviously.
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1. Introduction

Climate change and population urbanization have become dual challenges for human in the 21
century. In spite of scientific uncertainty was often used to be a reason to collect more evidences to
take actions of controlling climate change, these amazing phenomenon also illustrated the
consequences may be worse than we had expected, climate change threatened all of countries in the
world, has become the mankind who are facing the complex challenges in the new century (World
Bank, 2010). Urban was highly concentrated areas by population, economic activity and carbon
emissions, its greenhouse gas emissions occupied by 78% of the world (Stern, 2006). Urbanization
drives economic development and large-scale population agglomeration, leads greenhouse gases
emissions and pollutants increased exponentially, per capita energy consumption of urban
population was about 3.5-4 times by rural population (He, 2009).

According to prediction by United Nations, global population would be increased from 6.8 billion to
9.1 billion in 2009-2050, while urban population would increase from 3.4 billion to 6.3 billion



between 2007 and 2050, that the urban population would be increased by 1 times in the next 40
years (UN, 2010). As the largest developing country in the world, China is experiencing rapidly
process of industrialization and urbanization in recent decades. Population growth, large-scale
spatial agglomeration and economic production mode changing result in climate effect are also
gradually becoming apparent. From 1978 to 2008, China’s urban population was increased by 434
million; urbanization level increased from 17.92% to 45.68%, economic gross broke up 3 times (UN,
2010). The prediction by McKinsey Global Institute (2008), China would have about 1 billion
people living in the urban in 2025, would appear 219 big cities that exceed 1 million population, 24
mega city that exceed 5 million population, and urban GDP occupied by total GDP would be
increased from 75% to 90% in 2007-2020. The urban population promoted the economic growth at
the same time also changed people's production mode, lifestyle, transportation tools and
consumption model. In China, electricity was dominant fuel in all cities, but non-commercial energy
sources such as stalks and firewood still dominated rural residential energy consumption patterns
(Hubacek et al., 2007). Urban residents heavily dependent on modern architecture and comfortable
modern traffic, not only drive fossil fuels consumption increased, greenhouse gas emissions
increased, also exacerbated by climate change and global warming.

As the largest developing country in the world, China faces increasing international pressure in
carbon emissions reduction. How to coordinate energy consumption, carbon emissions and
economic growth becomes a key issue of low-carbon economy. In the process of population floating
from rural to urban, also means the process of low carbon consumption group changing high carbon
consumption group, urbanization brings many changes, especially lifestyle and production model
changing. Demographic factors not only impact greenhouse gas emissions and have important
implications for climate change, but also bring serious consequences of great significance. At the
same time, the relationship between climate change and population was very lack of research (Jiang,
2010). Based on the Kaya equation and STIRPAT model, through analyze effect mechanism of
population dynamic and carbon emissions in the process of urbanization, this paper indicates that
carbon emissions caused by change of population size, urbanization level, economic growth,
industrial structure and carbon intensity, to measure urbanization factors how to impact on the
climate change. The remainder is arranged as follows: the second part is the related research briefly
induction, the third part to construct a theoretical framework to describe effect mechanism of
population urbanization and carbon emissions, the fourth part is the data and model, the fifth part is
the empirical analysis result, the conclusion is last one.

2. Literature Review

Many researchers have studied on the issues about urbanization and climate change. Karl (1990)
conducted a comprehensive comparison of urban and rural areas in the United States, found that
obviously non-linear relationship between urban warming and population. Parikh and Shukla (1995)
used panel data of developing cities to analyze energy issues and urbanization. Chung U. (2004)



argued that urbanization and industrialization were main factors of the average temperature rising
nearly 50 years in Korea. Through 5 regional panel data of Canadian, Lantz (2006) found that
population size and carbon dioxide emissions were inverted U type relationship in 1970-2000. At
the same time, there were also some opposite views, such as Tim Dyson (2005) presented that
population growth, migration, and urbanization have important influence to global warming and
climate change, however, maybe other factors were more critical in the process of economic
development, such as in 1950-2000, the global population has increased by 140%, but the fossil
energy consumption has increased by 400% over the same period, therefore, for the long-term
climate change, economic development mode would be more critical than demographic transition.

In recent years, some study showed that population growth, structural change and family size
miniaturization have brought main effects on the global greenhouse gas emissions. The aging of
population was an important factor in developed countries, while urbanization was even more
significant factor in developing countries (Dalton et al., 2008). David Satterthwaite (2009), through
the study of the relationship of carbon emissions, population growth and urbanization in 1980-2005,
found that population growth was not the main driving force of global greenhouse gas emissions
growth, because that the fastest growing population area was also the lowest per capita greenhouse
gas emissions area, therefore, the simple control population growth measures could not achieve the
purpose of mitigation of climate change. Lin (2009) based on the decomposition of Kaya identities,
found that economic growth; income increasing and the energy intensity were the influence factors
of China's carbon emissions significantly. In addition, urbanization rate was influenced by economic
development level, energy consumption structure, per capita energy consumption, the gap between
urban and rural areas and so on (Wei, 2008).

Economic growth, population dynamic, energy intensity and carbon intensity of energy
consumption are important impact factors of carbon emissions. By establishing factor
decomposition model of carbon emissions per capita in China, Xu (2006) found that, relationship of
economic growth rate and carbon emissions per capita was exponential growth, the contribution rate
of energy efficiency and energy structure on restraining carbon emissions per capita was reverse U
shape. At present, China is in the stage of urbanization and industrialization, its characteristics of
energy consumption is fast growth and energy demand rigidity, Lin and Liu (2010) found that GDP
per capita and energy consumption carbon intensity were the main impact factors of carbon
emissions in 1978-2008, other factors were the energy consumption, carbon intensity and
urbanization, which changes each 1 percentage points, respectively, would drive the carbon
emissions changing about 0.95, 0.94, 0.71 and 0.22 percentage points with the same direction.

Li Guozhi and Li Zongzhi (2010) used 30 provinces data in 1995-2007, to analyze the population,
economy and technology how to impact China’s carbon emissions, found that population has
significantly two-way impact on carbon emissions. Wang (2010) used the index decomposition
method of logarithmic mean Divisia, found that positive and negative driving factors impact of
carbon emissions of China between 1995 and 2007, positive driving factors including GDP per



capita, transport quantity, population size, economic structure and annual family income, while
negative driving factors including energy intensity of production sector, transportation average
length of transportation routes and residential energy intensity. By comparing 62 countries and
regions of non-linear relationship between the population factor and carbon emissions, Wang (2011)
found that population growth impact different strength of carbon emissions under different levels of
economic development, elasticity coefficient of population growth in developed countries were
significantly higher than developing countries. At the same time, effects of the aging of the
population, family size and demographic factors were uncertain, which may be related, may also
have negative correlation.

3. The Impact Mechanism of Population Dynamic and Climate Change in the Process of
Urbanization: A Theoretical Framework

The impact mechanism of population dynamic and climate change is divided into three parts,
including the effects of population size changing, the effects of population distribution changing and
the effect of population structure changing. Population growth impacting on climate change in the
transmission mechanism can be simple expression for population size increasing under the
condition of constant carbon emissions per capita, leads to carbon emissions growth.

The population urbanization derived to large-scale population agglomeration, with traditional
lifestyle alternative to modern lifestyle, greenhouse gases emissions and pollutants rapid increasing
in the urban, with increasing of energy consumption and environmental pressure, all of above
factors led to the city’s air quality dropping and heat island effect increasing. Changes of production
mode not only present changes of industrial layout and industrial structure, but also people's
consumption ideas, and product demand structure change results in the energy intensity and energy
consumption carbon intensity changes. About lifestyle changes, mainly be reflected in the
residential mode, traffic tools, fertility desire and death mode. Climate effect of urbanization or by
population size changing lead to carbon emissions changing, or through carbon emissions per capita
increasing resulted in carbon emissions growth.

Changes of population structure are mainly embodied in the aging population and family pattern
changes. Population aging has become the global trend of population development. At present,
almost the entire developed countries, the age structure of the population has been transformed into
aging, and many developing countries are or will soon change for aging population. The aging of
population will lead to family size becomes smaller and aging labor, while family scale
miniaturization means that decreased family members size and increased household size, which
leads to increased carbon emissions per capita.
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Figure 1 Impact Mechanism of Population Dynamic and Climate Change in the Process of Urbanization

The first part is the climate effect due to population size changing. Under the limited ecological
capacity, continuously increasing population brings the most direct effect which produces carbon
dioxide and other greenhouse gases increased in the total. In recent years, many scholars™ research
showed that elasticity coefficient of population size on carbon emissions is among 0.98-1.65 (Dietz
and Rosa, 1997; Shi, 2003; York, Rosa and Dietz, 2003; Cole and Neumayer, 2004; Matthew, 2004;
O Neil, 2009). Knapp (1996) through the analysis of the global carbon emissions and population
causality, found that population growth was the cause of global carbon dioxide emissions growth,
but did not exist the long-term co-integration. Wei and Liu (2008) indicated that in 1975-2003, in
the total population in low income countries, impact of population size on carbon emissions was
maximum, followed by high income countries and lower middle income countries, the impact of
higher the middle-income countries was minimum, therefore, slowing population growth for carbon
emissions reduction meaning of relatively large in the low income countries.

The second part is the climate effect due to the change of population distribution. In the long-term,
climate condition largely determined the distribution of population in the history. Geographical
distribution and spatial structure were mainly affected by the natural resources, environmental



conditions and economic development levels. However, with the economic growth and social
progress, the impact of climate change on population distribution becomes more and weaker, while
the impact of population migration on climate change becomes more and more significant. After the
industrial revolution, urbanization droved economic development and large-scale population
agglomeration, leaded greenhouse gases emissions and pollutants multiplied. Along with the
process of industrialization and urbanization, the energy consumption per capita and carbon dioxide
emissions per capita will be increased, per unit of GDP carbon emissions intensity present higher
levels. When Industrialization has been finished basically, per capita energy consumption and
carbon emissions growing will be slowly, technical progress, international trade and industrial
restructuring would also urge per unit of GDP carbon emissions intensity decreased gradually.

The third party is the climate effect due to population structure changing. The population structure
is a result from various natural and social characteristics in a certain country or area, including the
population natural structure and population social structure. Wherein, age structure and gender
structure are subjected to widespread concern of population natural structure, family structure and
occupation structure are the research focus of population social structure. In this paper, our analysis
framework is focused on the change of population age structure and family structure changes
resulting from climate effects. Wei (2008) empirical study found that 15-64 aged proportion of the
total population, was negative effect in the high income and high middle income country, but was
positive effect in the lower middle income country. On the one hand, Fertility decline led to the
aging population and family size becomes smaller, economic benefits of energy consumption are
reduced, and greenhouse gas emissions are increased. On the other hand, family size decreasing
generally associated with lower fertility rate and higher economic growth rate, which leads to a
significant increased of greenhouse gas emissions (United Nations Population Fund, 2009).

4. Methodology and Data

Ehrlich and Holdren (1971) was the first time using IPAT model to character the complexity of the
factors affecting of human beings on the environment, considered that the impact of humans on the
environment depends on the population size, resources using scale, energy efficiency and
environmental safety in the process of production and consumption. York, Dieta and Rosa (2003)
put forward IPAT model of random form---STIRPAT (Stochastic Impacts by Regression on
Population, Affluence and Technology), in order to test the population, economic and technological
factors on carbon emissions coefficient of elasticity. Kaya (1989) proposed the Kaya identities, the
factorization method to establish relationship of the greenhouse gas emissions and the population
size, the level of economic development and energy efficiency. If GHG represents greenhouse gas
emissions, POP represents population size, GDP represents gross domestic product; TOE represents
total energy consumption, Kaya identities by the following equation:

GDP TOE GHG
GHG = POP x X X

POP GDP TOE




In this paper, the Kaya equation and STIRPAT model based on co-integration analysis, which be
used to analyze the relationships between carbon emissions and other variables, such as carbon
emissions (QC) , population size (PP ) , urbanization level (RU) , industrial structure (Sl ,
GDP per capita(PG ()and carbon intensity of energy consumption(GC ), through the co-integration
equation to acquire the long-term equilibrium relation of variables and carbon emissions,

QC, = f(PP,RU,SI  PG,GC,)

Wherein, carbon emissions (QC): as the main source of greenhouse gas emissions, fossil energy
consumption is the mostly part of energy consumption, this paper uses carbon emissions data comes
from the International Energy Agency (IEA) , according to the statistics of fossil energy emissions
of carbon dioxide. Index of population including population size (PP) and urbanization level (RU),
data derived from "Statistical Yearbook of China". Indicator of economic development including
GDP per capita (PG) and industry structure (SI), in which, industry structure characterization by the
tertiary industry proportion of total GDP, data derived from calendar year "China Statistical
Yearbook"; that is, in order to facilitate international comparison, and carbon emissions per unit of
GDP intensity index consistency, the GDP per capita data from the International Energy Agency
(IEA, 2009) published GDP per capita by PPP method, in constant US dollars in 2000. Technical
index including carbon emissions per unit of GDP intensity (GC), referred to as carbon intensity,
which not only reflects a national or regional industrial structure and the economic development
level, but also reflects the current technology level and production processes, so it is one of the
important indexes to measure the energy efficiency.

In this paper, the sample interval is between 1978 and 2008, using the analysis software of
Eviews5.0. In order to make the trend of linearization, eliminate time sequence of instability and
variance at the same time, does not change the function of the original co-integration relationship,
the original data to be the natural logarithm, get sequence variable: LQC¢.» LPP. LRU, LSI;.
LPGand LGC;, subscript t representation presents certain year.

Table 1 Descriptive Statistics Index

Mean Standard
Variable Definition Unit Maximum Minimum
Value Deviation
million tons of
LQC Carbon Emissions 6.5687 0.4528 7.4900 5.9500
carbon
LPP Population Size 10 thousands 11.6581 0.1040 11.7900 11.4700
LRU Urbanization level % 3.3716 0.2595 3.7600 2.9300
LSl Structure of industry | % 3.4671 0.2239 3.7400 3.0700
LPG GDP per capita dollar in 2000 7.7626 0.7347 9.0200 6.6000

Carbon emissions per | kg
LGC -1.3452 0.4033 -0.6100 -1.8900
unit of GDP carbon/dollar




5. Results

If a group of non-stationary time sequences exist a smooth linear combination, namely the
combination of random trend, this sequence could be co-integration and the linear combination
could be called co-integration equation, which can be interpreted as the long-term stable equilibrium
relationships among variables. In order to avoid the regression phenomenon of time series data,
firstly, to test stationary of each variable, through testing by ADF (Augmented Dichey-Fuller) and
PP (Phillps-Perron), all variables are Two order smooth at the significant level of 1%, therefore, all
variables in accordance with I (2), which meet necessary conditions of construction co-integration
equation, and unit root testing results in following table.

Table 2 1 (2) unit root testing

LQC LPP LRU LSI LPG LGC
ADF TEST | -6.018837 | -9.037095 | -8.150991 | -6.536307 | -5.186735 | -6.881950
PP TEST -6.027654 | -11.22497 | -16.28697 | -12.18019 | -6.569033 | -7.545513

This paper uses the Johansen co-integration test. The Johansen test was presented by Johansen and
Juselius (1988, 1990), it based on VAR model regression coefficient method, was a kind of
multivariate co-integration test methods. According to Max-Eigen statistic test results, at the 5%
significance level, the variables exists at least two types co-integration relationship, considered in
the co-integration relationship under the assumption that after a standardized co-integration
coefficient, extracting a co-integration equation as follows (in brackets are the standard deviation):

QC; = 0.5285LPP; + 0.3449LRU; - 0.0085LSI; + 1.0019LPG; + 1.0181LGC; + 1.0032
(0.1079) (0.1076) (0.0068) (0.0062) (0.0039)

For China, results of Co-integration equation show that there exists a long-run equilibrium
relationship of carbon emissions and population size, urbanization level, industry structure, GDP per
capita and energy consumption carbon intensity in 1978-2008. In the above equation, all of
variables are consistent with its economic significance, and at the 5% confidence level through T
statistic test, the overall model has superior fitting degree. Wherein, the most obviously influence
factors are GDP per capita and carbon intensity, which changes each 1 percentage points,
respectively, will drive carbon emissions with the same direction changing about 1.0181 and 1.0019
percentage points; followed by population size and urbanization level, which changing each 1
percentage points, respectively, will result in carbon emissions with same direction changing about
0.5285 and 0.3449 percentage points; industrial structure changing on carbon emissions effects are
reversed in direction, i.e. the proportion of tertiary industry GDP, each increasing by 1 percentage
points, will drive carbon emissions decreased by 0.0085 percentage points, although its value is
smaller, but it is reflected in the process of industrialization and urbanization, the meaning of
upgrading of the industrial structure to reduce carbon emissions is obviously.



6. Conclusions

Urbanization and climate change have become a global trend, with massive migration from rural to
urban continual in the developing countries, the modes of production and lifestyle of the great
change on the impact of climate change has been more and more remarkable. Looking for a suitable
road of low carbon urban development mode would become the global issues, especially in China
such a rapid economic developing country with a large population size, industrialization and
urbanization are irresistible development trend. How to realize win-win between population
urbanization and climate change mitigation is imminent. This paper uses co-integration method to
analyze the impact of population growth, urbanization, industrial structure, GDP per capita and
carbon intensity change, found that carbon intensity and GDP per capita is the main factor
influencing carbon emissions, followed by the population size, urbanization level and industrial
structure. Therefore, population growth and human activities are the main factors leading to global
warming, and there yet are some more crucial factors, such as changes of production mode
(industrial structure changing, lifestyle (carbon emissions per capita), transportation (carbon
intensity), consumption patterns (carbon emissions per capita) and family pattern (per household
carbon emissions) and so on.

This paper constructs a framework which contains the impact mechanism of population size,
population distribution and population structure in the process of urbanization and climate change,
put forward urbanization drives mass population agglomeration, lifestyle alternative, greenhouse
gas emissions and pollutants rapidly increased in the urban areas, with increasing of energy
consumption and environmental pressure, which led to the regional climate effects. However, due to
limited length of paper, only some of variables were empirical analysis. In the next step of process,
we need to pay more attention to the climate effects by changing of urbanization lifestyle. For China,
how to accomplish target of carbon intensity reduction with maintaining rapid economic growth is a
severe restriction, especially in the process of speedy population urbanization and industrialization.
Due to urban energy consumption is the main resource of global carbon emissions, rational route of
urbanization becomes an important challenge of constructing a low-carbon economy in developing
countires. Accordingly, future research would pay attention to relevant policy implications of carbon
emissions reduction and the model of low carbon urbanization.
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