
1 INTRODUCTION 

The climate change with the main features of the 
warming global has become one of the most im-
portant challenges facing the world today, and the 
emission of greenhouse gas which gives priority to 
carbon dioxide causes global warming. Paris 
Agreement (2015) specifically called for controlling 
the global temperature rise of 2  within thi℃ s centu-
ry, marking the starting point of global climate order 
and carbon emission reduction. 

Carbon emission reduction is not only a technical 
problem, but also an economic issue, and it’s indis-
pensable to adopting various policy instruments and 
cooperative mechanism to motivate the greenhouse 
gas emissions cut. The current environmental policy 
measures coping with global climate change mainly 
include two categories: one is tradition-
al ‘command and control’ means and the other is 
market based economic instrument. There have cer-
tainly been trends among many countries to increas-
ingly rely on economic instrument based upon 
‘command and control’ means. Whether from the 
perspective of theory or practical problem of envi-
ronmental management, both the carbon tax method 
based on Pigou theorem and carbon trading means 
based on Coase theorem have appealed increased at-
tentions of most governments around the world. 

China has exceeded the United States to take the 
first place in the world in carbon emission, account-

ing for about 30% of the world's emission (Liu hui et 
al, 2011). As a responsible big country, China is of 
utmost importance in guiding and facilitating the 
global cooperation to confront climate change. Fur-
thermore, the implementation of carbon emission re-
duction is also an inherent requirement of China's 
changing economic development mode and the vita-
ble choice of realization of socio-economic sustain-
able development. Facing the dual reduction pres-
sures from international and domestic, China’ s 
targets for emission reduction will only become 
higher and higher, and what effective measures Chi-
na can take to reduct carbon emission is particularly 
import. 

Supply side of carbon trading market mainly in-
cludes carbon sink project developer, enterprises and 
institution with a lower emission reduction cost, etc. 
Carbon performance buyers mostly are industrial-
ized countries (annex I parties) and emission entity 
with higher reduction cost. After the Kyoto Protocol, 
many countries and regions have adopted legislation 
to implement mandatory emissions trading scheme, 
and there is also a voluntary market. So, there also 
have some voluntary buyers such as governments, 
enterprises, social organizations and individuals who 
are responsible for the conduct of social responsibil-
ity or to prepare for performing carbon trading (Shi 
min-jun et al, 2013). China’s market is a developing 
market with the structure and mechanism remaining 
to be perfected. In addition, the market has not yet 
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established a carbon trading primary market. so 
without mandatory policy instruments such as car-
bon tax, only relying on domestic enterprises, the 
government, the individual's willingness to buy and 
foreign carbon market digestion is difficult to pro-
mote the rapid development of the domestic carbon 
market , let alone to realize of future emission reduc-
tion targets in China. But whether carbon tax collec-
tion or the implementation of carbon emission trad-
ing will have a greater impact on the national 
economy (Gao Pengfei et al, 2002). China's carbon 
tax conditions are basically ripe and national-wide 
carbon market is planned to be started in 2017 (Car-
bon tax research group, 2009), so the study on car-
bon tax or combined with carbon trading with their 
impact on national economics has strong practical 
and theoretical significance. 

2 MODEL HYPOTHESIS 

The main assumptions of the model include the gen-
eral assumption of the standard CGE model, i.e., the 
market competition, the enterprise profit maximiza-
tion, the maximization of consumer utility, and so on. 
The following highlights some of the special as-
sumptions of the model. 

(1)Carbon emissions trading market is closed, the 
supplier and buyer of carbon emissions are domestic 
enterprises. 

(2)Enterprises can choose carbon trading or car-
bon tax to achieve emission reduction targets. 

(3)The calculation of carbon tax based on CO2 
emissions (Carbon tax research group, 2009). This 
paper assumes that the finished products does not 
levy carbon tax and only tax on the intermediary in-
puts with the use of fossil energy. The economic im-
pact of carbon tax is reflected in the rise of the fossil 
fuels price, which affects the usage of fossil fuels in 
other sectors of the economy. 

3 PRODUCTION STRUCTURE MODEL 

The model includes 11 production sectors. Depart-
ment total output are described by using the multi-
level mested CES (Constant Elasticity of substitu-
tion) production function with variables of labor, 
capital, energy and other intermediate inputs. In or-
der to explore the substitutability among the energy 
inputs and the alternative relationship between ener-
gy inputs and other elements, the energy inputs are 
separated from the other intermediate inputs, em-
bedded into nested multilevel structure of the added 
value production function in the formation of hierar-
chical structure of various energy inputs, and pol-
ymerized with capital to form energy- capital inputs. 
The study hypothesizes that producer who pursues 
production under the lowest cost make the optimal 
portfolio of elements inputs according to the relative 
price of inputs. 

 
 

Fig. 1 production structure 
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4 CARBON TRADING MODE DESIGN 

Carbon trading mode added a special commodity, 
emission permits trade of carbon, into ‘acctivities-
commodities’ module. In this model, the carbon 
trading market is designed as a closed model with all 
the carbon trading completed among the domestic 
enterprises (Chen xing, 2012). In the future research 
the carbon trading market will be designed as an 
open model. The research assumes that the supply 
side of carbon emissions in the model are low car-
bon energy sectors without considering other sup-
plies. As we know, in reality, there are a lot of other 
supplies of carbon emissions, like forest carbon sink. 
Due to various technical and practical reasons, such 
as the supply of forest carbon sink have many tech-
nical and standard barriers, and the data are difficult 
to obtain, this model is simplified and only consider 
low carbon energy sectors as the supply of carbon 
emissions. This process does not change the qualita-
tive impact of carbon trading on the national econo-
my, and the most likely outcome may weaken the 
economic impact of the forestry sector.  

In this paper, the carbon tax collection method is 
to levy carbon tax on fossil energy products of ener-
gy sectors, So in this model the buyers of the carbon 
emission permit are only the fossil energy sectors, 
and the fossil energy production enterprise buys the 
carbon emission permit as the middle input causing 
the price change of the fossil energy products. Fossil 
energy production enterprises can achieve emission 
reduction targets by paying the carbon tax or the 
purchase of carbon emission permits. 

5 CARBON TAX DESIGN 

Fossil energy final investment and consumption de-
mand for energy of total demand is relatively small, 
so this paper assumes that carbon tax impose on fos-
sil energy intermediate input with the tax basis of 
CO2 emissions, not on the final products. Specific 
carbon tax design using the following equation: 
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Where jCTAX is the amount of carbon tax on fos-

sil energy intermediate input,, iCTAX  is the amount 
of carbon tax on the sector i, TCTAX is the total car-
bon tax, tc is tax rate of carbon tax, meaning tax 
amount on CO2 emissions per ton,  is emission co-
efficient of three kinds of energy ,including coal, oil 

and gas, ,i jE represents the energy consumption of 

each sector. 
After getting the carbon tax on fossil energy, it 

can figure out ad valorem rate of duty, that is, the ra-
tio of the carbon tax amount of a kind of fossil ener-
gy and the value of its domestic demand. The formu-
la for calculation is as follows: 
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Thus, demand price of fossil energy will be 
changed to (1 )cj jt PQ , and will directly affect the use 

cost of fossil energy input of the production 
fuction’s 4th level, high carbon energy layer. 
Meanwhile, due to carbon tax, the government's to-
tal revenue will also increase. The formula for calcu-
lation is as follows: 

;i i
i i

YGT GINDTAX GTRIFM GETAX GHTAX GWY TCTAX        

6 MODEL DATA SOURCE 

6.1 Compilation of SAM table 

The main data in the SAM table are from the latest 
release of the input output table (2007). Sectoral da-
ta of micro social accounting matrix are mainly from 
input-output table, and consolidation data table in 
accordance with the dividing standard of 11 sectors 
including coal, petroleum, natural gas, thermal pow-
er (above four departments belong to high carbon 
energy) and other power (low carbon energy), agri-
culture, light industry, heavy industry, construction, 
transportation and warehousing industry and ser-
vices. The power sectors are divided into high car-
bon energy sectors and low carbon energy sectors, 
the split ratio of the electricity sector in accordance 
with the production proportion between thermal 
power and other power in the 2007 China Energy 
Statistical Yearbook, and details are as follows: 
thermal power accounted for 83.06%, nuclear power 
and other power supply were 16.94%. According to 
the 2007 energy consumption structure, oil account-
ed for 19.7% of total energy consumption and natu-
ral gas accounted for 3.50%.Then on the basis of the 
proportion of consumption, the datas of the input-
output table are divided into the oil sector and the 
natural gas sector. In addition, the data about em-
ployment, energy, taxes, savings, transfer payments, 
trade surplus etc. are collected from reports in the 
China Labor Statistical Yearbook, China energy sta-
tistical yearbook, the almanac of China taxation, al-
manac of China's finance, the Customs Statistics 
Yearbook, the traditional Chinese Design Yearbook 
and other publications and the national Bureau of 
statistics released (Li yuan-long et al, 2011). 
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6.2 Set of alternative elastic coefficients 

The elasticity coefficient of substitution for produc-
tion function and trade function in CGE model are 
generally obtained by economic measurement or 
consulting related experts. At present, many domes-
tic and foreign scholars have conducted a lot of re-
search in related fields and have achieved fruitful re-
sults, such as Tan and Burniaux & Truong. (2002), 
Zhai & Hertel (2005), he Ju Huang (2002), Zheng 

Yuyu and Ming Tai fan (1999), Wang (2003), Ma 
Shiguo (2005) show East (2008), Xuan Xiaowei 
(1998) (Mustafa H.Babiker et al, 2003) (Wang Can 
et al, 2005) (Meng Xiaolian et al, 2005) (Lan W.H 
Parry. 2003) (He Juhuang et al, 2002) (Sebastien 
Dessus et al, 2003). This study comprehensively 
considers the previous scholars' research results, and 
the related numerical values are shown in Table 1: 

 
 

Table 1 substitution elasticity of production function 

type agriculture heavy in-
dustry 

light in-
dustry construction traffic service

high-carbon energy 
low-

carbon 
energy

coal fossil 
oil

natural 
gas 

thermal 
power

other 
power

δA 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
δV 0.8 0.8 0.8 0.8 0.8 0.8 0.6 0.8 0.8 0.8 0.8
δKE 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
δE 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
δHE 0.7 0.7 0.7 0.7 0.7 0.7 0.3 0.3 0.3 0.3 0.3
δCNC 0.5 0.5 0.5 0.5 0.5 0.5 0.2 0.2 0.2 0.2 0.2
δNC 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

 

6.3 CO2 emission coefficient 

According to the statistics released by the Interna-
tional Energy Agency, CO2 emission coefficient are 
calculated by dividing CO2 emissions amount by the 
actual consumption of three kinds of fossil energy in 
China. The specific calculation results are shown in 
Table 2: 
 
Table 2 CO2 emission coefficient Unit: tons / million 
type coal fossil oil natural gas
CO2 mission coefficient 41.01415 3.05803 4.07095

7 RESULT ANALYSIS 

This paper sets up two simulation scenarios. S1 ana-
lyse the impact on the national economy with a sin-
gle way of carbon tax, and S2 is the joint use of car-
bon tax and carbon trading,two emission reduction 
means. The following table describes the impact of 
the two scenarios on the national economy under 3 
different emission reduction targets. 

 
 

Table 3 the impact of the two scenarios on the national economy under different emission reduction targets Unit: % 
scenario S1 S2 

emission targets 5 10 20 5 10 20
GDP -0.087 -0.143 -0.277 -0.079 -0.129 -0.213

agriculture -0.007 -0.054 -0.078 0.000 -0.049 -0.063
light industry -0.017 -0.053 -0.177 -0.016 -0.044 -0.153

heavy industry -0.093 -0.156 -0.293 -0.088 -0.146 -0.285
construction -0.097 -0.166 -0.288 -0.083 -0.153 -0.280

traffic -0.107 -0.176 -0.301 -0.099 -0.159 -0.293
service -0.013 -0.043 -0.067 -0.011 -0.041 -0.063

coal -0.168 -0.253 -0.397 -0.159 -0.239 -0.373
fossil oil -0.156 -0.204 -0.334 -0.149 -0.199 -0.313

natural gas -0.117 -0.192 -0.307 -0.109 -0.184 -0.299
thermal power -0.158 -0.242 -0.378 -0.149 -0.232 -0.369
other power -0.001 -0.003 -0.007 0.002 0.015 0.023

 
From the table 3, we can observe that under three 

emission reduction targets, there have a different de-
gree of negative impact on the entire economy and 
the 11 major economic sectors in S1 scenario which 
means that carbon tax adversely affect the China's 

national economic growth and especially have most 
significant influence on fossil energy enterprise. 
This is mainly due to the indirect tax system in Chi-
na. Carbon tax are levied mainly in the production 
link of energy, so the fossil energy industry are the 
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direct object of the carbon tax collection. Direct tax-
ation on the fossil energy products of fossil energy 
enterprise, the impact of carbon tax on fossil energy 
enterprise will directly lead to the rise in energy 
prices, and indirectly influence the other highly fuel-
dependent industries and cause a rise in their prod-
ucts prices. 

In S2 scenario, the joint use of carbon tax and 
carbon trading, negative impact on the entire econ-
omy and sectors are less than in S1 scenario. Such as 
setting emission reduction targets for 20%, in S1 
GDP will be reduced by 0.277%, while in S2 GDP 
decline only 0.213%. Visiblely, the introduction of 
carbon emissions trading mechanism, will slow 
down the negative impact of a single mandatory car-
bon tax on the overall national economy. 

Furthermore, in S2 scenario there have a positive 
impact on the low carbon energy sectors under all 
emission reduction targets. This is due to the carbon 
emissions trading making the low carbon energy 
sectors obtaining additional economic benefits. And 
the introduction of carbon trading mechanism is also 
conducive to highly energy-dependent enterprise 
saling the amount of CO2 emission reduction 
bringed by technological innovation to reduce the 
cost caused by CO2 emission. 

8 CONCLUSIONS 

Due to the new start of global climate order, China 
should consider how to adopt effectively climate 
policy reducing carbon emissions with minimizing 
the negative impact on economy and encouraging 
the development of low-carbon energy sectors. The 
paper designs two emission reduction scenarios, sin-
gle carbon tax and the joint use of carbon tax and 
carbon trading, and builds the computable general 
equilibrium (CGE) model to simulate and analyze 
their impacts on China’s economy under three kinds 
of emission reduction target in two scenarios. The 
main conclusions are as follows: 

(1)The main source of global greenhouse gas 
emissions is burning fossil fuels. Transformation and 
upgrading of the energy sector is the core of reduc-
ing greenhouse gas emissions. Research shows that 
the two emission reduction scenarios will have in-
centive effect on the high-carbon energy sectors. 

(2)Once the conditions are ripe, carbon tax 
should be collected in the whole country as soon as 
possible with the construction of carbon emissions 
trading market. The introduction of carbon emis-
sions trading mechanism can slow down the nega-
tive impact of a single mandatory carbon tax on the 
overall national economy and bring positive impacts 
on low-carbon energy sectors. Carbon trading is also 
conducive to the transformation and upgrading of 
traditional energy enterprises and optimizing the en-
ergy structure. Visiblely, carbon tax combined with 

carbon trading is more suitable for China's national 
conditions to cut emissions. 

(3)The government should encourage enterprises 
to actively introduce advanced emission reduction 
technology and increase the investment in the devel-
opment and research of emission reduction technol-
ogy. And government also ought to introduce rele-
vant policies to encourage the supply of carbon 
sequestration, including forest carbon sink, as soon 
as possible to achieve emissions reduction status 
with carbon tax and carbon trading combination. 
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