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Abstract

There is much research on the relationship of economic growing and carbon emission, but most of them were based
on the western countries’ data. Few researchers pay attention to the undeveloped areas in western of China. As
Gansu is a typical province, who’s economic development lagged behind while the quality of carbon emissions are
large. In this paper, data of 2003-2013 is collected and least-squares regression is used to analyzed the factors affect
the carbon emission in Gansu, the conclusions are that the industrial structural,proportion of heavy industry,and GDP
are the three main factors affect carbon emission, and at the end, suggestions on how to keep growing while reducing
carbon emission are improved.
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1. Introduction

The relationship of economic growing and carbon emission was studied in 1990s. It was found that on the first stage
of development, the carbon emission grow along with the economic growth; but when GDP has reach a inflection
point, GDP grow, emission reduce. This phenomenon was called “Environmental Kuznets Curve”.

Grossman and Krueger (1991) discovered that when the per-capita incomes has reach 4,000-5,000$, environment
pollution inclined to reduce. Research of Panayotou (1993) showed that when the per-capita incomes has exceed
100008%,the country will reduce the proportion of heavy industry and turn to tertiary industries. This conclusion
proved the “Environmental Kuznets Curve”.

Holtz-Eakin and Selden (1995) also agree on this point, but some other researches have a different option. Lieb
(2004) consider the EKC has some limitation when the dynamic pollution was considered. Thophile Azomahou
(2005) found that carbon emission grow all the time when economic grow. There are few researches on the
undeveloped area, and how to reduce pollution while keep GDP growing is unknown.

Chen, Anping (2013) analyses the impact of CO, reduce policy in differential regional. They found that labor market
policies are more useful than Standard fiscal policies in offsetting the adverse effects. Kapusuzoglu, Ayhan (2014)
examined the relationship between GDP and CO2 emissions worldwide. They found that there is no causality
relationship exists in the OECD and in European countries. Musolesi (2014) studied the relationship between carbon
emission and economic development in North America and Oceania, and discover that “the country-specific time
related factors weight more than income in driving the northern EU Environmental Kuznets. Overall, the countries
differ more on their carbon-time relation than on the carbon-income relation which is in almost all cases monotonic
positive” (Note 1)
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2. Overview of Energy Consumption and Economics in Gansu Province

2.1 Trend of Energy Consumption in Gansu Province

Trend of energy consumption in Gansu province
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Figure 1. Trend of energy consumption in Gansu province

Figure 1 shows that after 2011, the growth of energy consumption faster than growth of GDP in Gansu province, it
means the development more depend on energy consumption than before.

2.2 Change of Industry Construction in Gansu Province

Change of industry construction
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Figure 2. Change of industry construction in Gansu province

Figure 2 shows that, in Gansu province the economic development mainly rely on the second industry, in recent
years the speed of second industry is obviously faster than the tertiary industry. As the development of second
industry relys on the energy much more, the volume of emission is high.
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2.3 Energy Consumption of Each Industry

Energy consumption of each industry
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Figure 3. Energy consumption of each industry

It is obvious that energy consumption of manufactory industry is much higher than other industry. And it growled
rapidly after 2009.

2.4 Comparison of Energy Consumption Elasticity Ratio between Gansu and the State

Energy consumption elasticity ratio is an important index of the relationship between energy consumption and
economic development. Energy consumption elasticity ratio=the growth rate of energy consumption/ the growth rate
of GDP. Higher the ratio is, stronger the dependence is.
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Figure 4. Energy consumption elasticity ratio

From 2000 to 2004, the energy consumption elasticity ratio of Gansu growled rapidly, it reached the peak of 1.37, in
the after 5 years it keep declining; in 2009,it was 0.25;but in 2009 to 2001 ,it rised slowly, indicating the
development of high energy consuming industries in Gansu province is still faster than the low energy industry
development.

Compared with the whole state, the trend of Gansu energy consumption elasticity and the like, for most of the years
before 2010, the energy consumption elasticity coefficient in Gansu is lower than the national level, but after 2010,
the elastic coefficient of energy consumption in Gansu province will continue to higher than the national average
level.

3. Panel Regression Analysis of Emissions and Economic Factors
3.1 Theoretical Hypotheses

There is mush factors affect economic development, such as economic development, industry construction,
civilization and so on. The most important factors would be analyzed.

First is the economic development. Energy consumption usually grow when economic grow. In general, in the early
stage of industrialization, Carbon emission per capita grow rapidly, for economic highly depend on the facial energy
at this stage; in the later stage of industrialization, the industry construction changed, the dependence decreased,
relationship between economic and emission turned weaken. Although China has enter the mid-and
post-industrialization, Gansu is still in the early stage of industrialization,that means the demand of energy will keep
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growing in a long term in Gansu.

The second factor is industry constriction. Emission of the primary industry and the second industry comparably low,
while the tertiary industry’s emission usually higher. The output of the second industry is 47% in Gansu, the
proportion is much higher than the national average level.

The third factor is the structure manufacturing industry. Heavy industry refers to the industry provide material and
technical foundation for the various sectors of the industry, including metallurgy, machinery, energy, chemical,
building materials. Much research show that heavy industry inclined to discharge more carbon per unit of GDP. The
proportion of heavy industry is higher than the average level.

The forth factor is the level of urbanization. Compared with the way of life in rural, urban residents' life style has the
characteristics of high carbon emissions. In 2000-2012, the urbanization rate raised 1.13 percentage points per year
on average in Gansu. In 2012, Gansu's urban resident population is 9.988 million; the urbanization rate reached
38.75%. But the urbanization level is still lower than the national average of 53.7%, with the improving of
urbanization rate in further, there would be more carbon be discharged.

3.2 Index Selection

As to the above theoretical analysis and the availability of data .Emissions of carbon dioxide (carbon) is the
explanatory variables,

And per capita GDP (gdpper) represent the economic growth; industrial added value accounted for the proportion of
GDP (cyjg) represent the industrial structure; the proportion of heavy industrial output value in total industrial output
value (gyjg) represent the manufacture industrial structure; the non-agricultural population proportion of the total
population (czhl) represents the urbanization rate, all the data come from the " GANSU DEVELOPMENT
YEARBOOK".

3.3 Empirical Analysis

In order to get the ideal model of relationship between carbon dioxide emissions and economic development of
Gansu, this paper uses the time series analysis. First step is the stationary test, the ADF unit root test is used, results
are as follows:

Table 1. Result of series unit root test

Variable  Times of differential  (C,T,K) DW ADF Conclution
cartbon 0 (0,0,1) 1.842 3.235 1(0)
cyje 1 (0,0,1) 1.954 -2.125" I(1)
gyjg 1 (0,0,1) 1,798 -1.576" I(1)
czhl 1 (0,0,1) 1.680 -2.401" I(1)
gdpper 1 (0,0,1) 2.942 -0.559" I(1)

Note: *, ** *** represent significance in 10%, 5%, 1%.

The influence of lagged variables are considered, finally we get the estimation equation:
carbon = 0.08*gdpper(-1) +11293.35*cyjg(-1) + 6483.08*gyjg(-1) + 1687.46*czhl(-1)
(0.0337) (0.0313) (0.0303) (0.1886)
R*=0.94 D.W=2.35 5.e=7.68 T=30

The regression results show that the heavy industrial structure, industrial structure, per capita GDP three variables
have significant influence on the carbon emissions in Gansu Province, but the regression coefficient of the
urbanization rate is not significant.

4. Policies and Measures
4.1 Change the Energy Structure

Energy consumption has a direct impact on carbon emissions. In the current energy consumption structure of Gansu
province, coal accounted for about 65%, while the clean energy, wind, hydro, natural gas is relatively low. Besides
coal and oil, there are natural gas, solar energy, wind energy, hydropower and other clean energy in Gansu province.
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Structure of energy consumption in Gansu
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Figure 5. Structure of energy consumption in Gansu Province

From 2005 to 2013, in the energy consumption structure of Gansu province, coal and oil declined slightly, proportion
of natural gas almost unchanged, hydro and wind power increased slowly. The proportion of coal consumption
decreased from 68.32% in 2005 to 63.86% in 2013, the average was 67.34%; the average proportion of oil is 14.49%,
natural gas 3.21%, hydropower and wind power increased from 12.19% in 2005 to 19.27% in 2013.

First, the wind energy resources in Gansu is 237000000 kilowatts, ranking fifth in the country; second, Gansu is on
of the three region which has abundant solar energy in China, the total solar radiation is about 4800 ~ 6400 MJ /m3
in Hexi, Gannan. Third, in Gansu hydropower reserves ranked tenth in the country, but most of them are not
developed. Therefore, Gansu has the potential to improve the energy consumption structure to reverse the high
energy consumption and high pollution of the mode of economic development.

4.2 To Optimize the Industrial Structure

International experience shows that in the period of the per capita GDP rising from $1000 to $3000, energy, car,
house, building materials, communications and other industries always develop rapidly, which will promote the iron
and steel, machinery, building materials, chemical industry and other heavy chemical industry and electronic and
communication equipment manufacturing develop rapidly. Therefore, Gansu should adjust the industrial structure;
reduce high energy consuming industries.
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Figure 6. Change of industry structure in Gansu
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On the whole, the proportion of the first industry declined slowly; the proportion of the second industry increased
from 43.36% in 2005 to 48.17% in 2010, in 2013, it dropped again to 44.75%. The proportion of the tertiary industry
rise in most of the years, but in 2010 there was also decreased significantly.

So the key to the development of low carbon economy in Gansu province is the adjustion of the investment structure,
giving priority to the tertiary industry, reduce the proportion of heavy industry in the industry. Revise "Gansu
Industrial Restructuring Directory”, develop high and new technology and new materials, new energy, bioindustry,
information technology, advanced equipment manufacturing and low carbon industry.

4.3 Develop CDM Projects

The CDM project has developed in Gansu in 2002, until July 17, 2014, the total number CDM project approved by
Gansu is 269, accounting for 5.32% in China. 238 of which have been registered, accounting for 6.26% of the
country. The development of CDM can help Gansu reduce carbon emission from technology and capital two aspects.

4.4 Establishing Low Carbon Concept in Public

Research shows that personal consumption can affect energy consumption 45% -55%. Consumer behavior is very
important to carbon reduce.

As an underdeveloped area, public awareness of low-carbon is generally weak in Gansu. The government should
help public to cultivate the low carbon lifestyle by price subsidies for energy-saving products and advertisement.

4.5 Planting Trees and Grass

Research shows that per hectare forest absorb about 0.26 to 0.39 tons carbon a year. The "Third national assessment
report on climate change" released by China in 2014 pointed out that in current and future the forest carbon
sequestration is an important way to reduce carbon emission.

In Gansu the forest coverage rate is low. According to the seventh resources inventory, the forest coverage rate in
Gansu is 11.28%, ranked twenty-seventh in the country. Strengthen the management and construction of grassland,
the establishment of wetland ecological system is an important way to reduce carbon emissions, and also an
important guarantee to promote the sustainable development of Gansu.
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