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Abstract

Rapid economic development has brought great pressure to China. Carbon tax could be an ideal
economic tool to cope with the environmental pressure. The implementation of carbon tax will exert
an influence on the national and sectoral economies as well as reduction. However, few researchers
have focused on the carbon tax effect at the sectoral level. Based on SAM 2012, this study develops an
ECGE model consisting of the environment module. Then the macro and structural effects of carbon tax
are simulated at tax rates of 10-100 yuan/t CO, in China. Simulation results show that compared
with the baseline: 1) Carbon tax has a mild strike on the GDP of China and is effective at reducing
emissions. Furthermore, we found that a carbon tax rate of 70 yuan/t CO, may be an appropriate
rate to achieve the Chinese reduction target of carbon intensity in the year 2020. 2) Carbon tax induces
an output shrinkage in energy or high-energy-consuming industries by 0.95-7.65%, while there is
a slight increase in low-energy-consuming industries. The mining and washing of coal industry
(coal) experiences the largest decrease in CO, emissions and the light industry (lindus) experiences

the sharpest decline in carbon intensity.
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Introduction

In recent decades, with the rapid development
of the economy and the increasing consumption of
energy, global climate change has become one of the
most common issues that all countries need to face.
As a responsible country, China has been very active
in coping with the climate change issue. In 2009
the Chinese government committed to reducing
its carbon intensity by 40-45% in 2020 compared

*e-mail: 1974714280@qq.com

with 2005 levels. In 2014 China officially issued its
“National climate change plan (2014~2020),” clearly
putting forward in 2020 non-fossil energy accounts
for the proportion of primary energy consumption
to around 15% and a series of other energy-saving
emission reduction targets [1]. Furthermore, to develop
a low-carbon economy, China has proposed a series
of energy policies such as resource tax policy and a
carbon emission trading system [2]. Compared with
other energy policies, a carbon tax is considered to be
an effective one [3-4]. Bristow [5] defined carbon tax as
a climate for all energy purchases, including natural gas,
electricity, gasoline, diesel oil, and so on. At present,
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the countries imposing carbon tax include Finland,
Sweden, Ireland, Denmark, Norway, Switzerland,
Canada, Japan, Germany, Britain, and so on. Although
the tax rates and collection manners imposed across
borders are different from each other, they all play a
significant role in reducing emissions and alleviating
environmental pressure [6]. At present, China is facing
serious challenges on responding to climate change and
emissions reduction [7-8], so it is particularly critical
to promote such a tax in China. Therefore, considering
the advantages of the policy itself and the possibility of
being implemented in the future of China, this study
explores the effect of carbon tax on China so that useful
policies can be released to guide its future carbon tax
implementation.

Recently, most empirical research has verified the
reduction effect of carbon tax. Floros and Vlachou [9]
put forward that carbon dioxide emissions in Greece
would be reduced by 17.6% in 1998 if a carbon tax
of $50/t CO, was imposed. Wissema and Dellink [10]
maintained that a carbon tax of 10-15 euro/t CO, will
lead to Ireland’s CO, emissions reduction by 25.8%
compared with that in 1998. Similar conclusions were
also made in the study of Bruvoll and Larsen [11], who
argued that during the period of 1990-1999 the average
GDP in OECD countries increased by 23%, while
greenhouse gas emissions increased by only 4%, and
carbon tax played an important role in some countries.
Galinato [12] conducted a dynamic CGE model for
evaluating the impact of carbon tax on the economy
and environment, concluding that carbon tax can be an
effective policy instrument to control greenhouse gas
emissions. Barker [13] assessed the impact of carbon tax
on the UK environment, adopting the energy-economy-
environment model and arguing that the carbon tax will
be sufficient to stabilize carbon emissions below the
standard level of 12% during 1990-2005. Meng et al. [14]
established a computable general equilibrium model to
investigate the effects of a carbon tax of $23/ton carbon
dioxide on the economy and environment. The results
indicated that it would significantly reduce emissions.
Lou [15] argued that with the increase of carbon tax
rate, the marginal change rate of carbon emission
intensity per unit carbon tax shows a decreasing trend.
Zhou et al. [16] introduced energy efficiency into the
CGE model. The results illustrated that the emission
reduction rates at the carbon tax of 30 yuan/t CO,, 60
yuan/t CO,, and 90 yuan/t CO, are 5.56%, 10.45%, and
14.74%, respectively.

Another important topic pertaining to carbon tax
is the macroeconomic effect of carbon tax. Fang et al.
[17] examined the impacts of carbon tax on economic
growth with carbon tax constraints and found that it
is both important and necessary to note the inhibitory
effect of these changes on economic growth. Cristian
Mardones et al. [18] simulated the economic effects by
setting different CO, tax rates in three Latin American
countries (Brazil, Mexico, and Chile), and they argued
that the effects of a CO, tax on sectoral prices in each

country are very different for the same tax rate, but these
effects are similar in each country when comparing both
regulatory scenarios. Anton [19] evaluated the impact
of carbon tax on Russia’s economy based on the CGE
model. The results suggested that the dividend earned
by carbon tax is two times that obtained by the labor
force. Grant Allan [20] investigated the economic and
environmental impact of a Scottish-specific carbon tax
under three alternative assumptions: revenues raised
are not recycled within Scotland, and revenues are
used to increase general government expenditure or to
reduce Scottish income tax. It is suggested that a carbon
tax might simultaneously stimulate economic activity
while reducing emissions and thus secure a double
dividend, but only for the case in which the revenue is
recycled through income tax. Klimenko, Mikushina,
and Tereshin [21] put forward that a carbon tax would
lead to the price rise of fuel and electricity, significantly
affecting the quality of people’s life.

In recent years, research on China’s carbon tax
has also increased. Wei [22] employed the CGE model
to analyze the effects of three carbon tax schemes on
the Chinese economy. They found that a carbon tax
would cause the deterioration of the Chinese economic
situation. Zhe Zhang et al. [23] evaluated the impact of
a single policy instrument (carbon tax) and combined
policy mixes to investigate driving factors affecting
policy performance. The results illustrated that
complicated policy mixes are preferred to improve the
performance of China’s carbon tax. Liu [24] analyzed
the impact of carbon tax on China’s economy based
on the inter provincial panel data of 1999-2007. The
results indicated that a carbon tax has a significant
effect on energy savings and emissions reduction. In
addition, it can effectively adjust the income distribution
among elements. However, restricted by China’s current
economic development level, carbon tax collection
will hurt China’s economy considerably, so it is not
appropriate for short-term levying. Zhang et al. [25]
maintained that carbon tax would not have a significant
impact on the overall economy. It is argued that the
decrease of China’s GDP level resulting from carbon
tax was only about 0.1%. Wang et al. [26] conducted
a simulation investigation of the effects of carbon tax
policy on GDP, energy prices, capital prices, and other
macroeconomic variables by adopting a recursive
dynamic general equilibrium model. Lu et al. [27]
investigated the impact of carbon tax on the economy
at the tax rate of 50 yuan/t, 100 yuan/t, 200 yuan/t, and
300 yuan/t based on the CGE model.

In addition, several studies have evaluated the effect
on specific industrial levels. Naraka et al. [28] discussed
the impact of carbon tax on energy-intensive industries
in Japan employing the partial equilibrium model. Zhu
et al. [29] evaluated the impacts of the high, medium,
and renewable tax rates on 121 Chinese sectors’
output. Among these sectors, the greatest influence
is the coal and coking industry. Qiao-Mei Liang et al.
[30] surveyed five major energy-intensive sectors and
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explored the impact of a carbon tax on their output,
prices, and emissions, along with suggested exemption
and subsidy measures to alleviate the negative impacts
on these sectors. Li et al. [31] assessed the impact
of carbon tax on 35 industries under China’s 2020
emission reduction targets based on the interval gray
system prediction theory. The study suggested that
about 23% of the industries were significantly affected,
and 32% of the industries were without sensitivity. This
research also proposed taking the quota tax rate and
establish a compensation mechanism for the high energy
consumption industries.

Meanwhile, in terms of analysis techniques, the
most popular models for simulating environment policy
effect can be universally referred to the GARCH model
[32], input-output models [33], and computable general
equilibrium (CGE) model [34, 35]. Compared with other
methods, the CGE model possesses its unique merit
in policy simulations by providing a comprehensive
analysis under the general equilibrium framework.
The CGE model not only describes the overall Chinese
economy in each detailed sector, but also systematically
analyzes the internal relationship across departments.
Therefore, in this paper, a model of fairly standard CGE
approach that adds China’s environment block covering
carbon tax policy is constructed, and then the impact
of carbon tax on China’s economy and environment is
simulated under a tax rate of 0-100 yuan/ t CO,.

Based on the existing research results, we find that the
carbon tax effect was wildly researched; however, only
a few of these studies have focused on the effect on an
industrial level. What are the benefits or disadvantages
of a sector obtained from carbon tax and why? Different
research has given different answers. Furthermore,

macro-level analysis does not consider the effect on the
overall economy. Due to significant differences among
sectors, it is crucial to uncover the sectoral disparities
of carbon tax effect on both economic development
and carbon reduction so that key sectors for carbon tax
implementation can be recognized. Therefore, the main
objective of this study is to provide comprehensive
analysis for the implementation of a carbon tax in China
and discuss policy implications for China based on an
environment CGE model. Specially, we developed an
environment computable general equilibrium (ECGE)
model covering carbon tax policy to simulate the
impact of carbon tax on China’s overall macroeconomic
factors (real GDP, household welfare, total investment,
etc.), total CO, emissions, sectoral output, sectoral CO,
emissions, as well as the impacts of different tax rate
policies. In addition, we introduce energy efficiency into
the study. This article makes a more systematic study
of the impact of carbon tax policy on China’s economy
and environment based on the latest data (SAM2012).
Furthermore, our findings may also have general
implications during the policy decision process and lay
a solid foundation for the carbon tax introduction.

Methods and Data

An environment computable general equilibrium
(ECGE) model is developed in this section to explore
the effects of carbon tax on China’s economy and
environment. There are six blocks of production, market,
income, expenditure, environment, macro closure, and
equilibrium block described in the ECGE model.

Output
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Fig. 1. Framework of production block
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Production Block

The production block represents the structure of the
production functions and is illustrated in Fig. 1.

In this model, each producer (represented by
an activity) is assumed to follow the principal of
maximizing revenues. The ECGE model covers
11 industries and seven kinds of production inputs
(capital, labor, coal, oil, natural gas, low carbon
energy, and intermediate input). There are 5 levels of
constant elasticity of substitution (CES) function in the
production block.

At the first level, the intermediate input and capital-
energy-labor composition constitute sectoral output in a
constant elasticity of substitution (CES) function form.
The intermediate input does not include energy input,
and the intermediate input price is the domestic demand
synthetic price for the product.

OX, =40, KEL} +(1-0,")NDJ 1",
UND;M = i:a . NDa (2)

...where QX is the aggregate output of sector a. KEL,
represents the composite capital-energy-labor input
in sector a, ND, represents the intermediate input of
sector a, UND * is the demand of sector aa for per
unit output of sector a, 4 is the shift parameter in CES
function of aggregate output, ¢ ' depicts the CES share
parameter of capital-energy-labor aggregation in overall
output composition, and p_ is the substitution parameter
between the capital-energy-labor input and intermediate
input.

The second level assumes that labor (L), capital (K),
and energy (E) are aggregated into capital-energy-labor
composites using a (K/E)/L structure in a CES function
form. The production function at this level is presented
in the following equation:

kel kel

KEL, = 470} KE;" +(1-0/)LF 1 5

..where KE_ is the composite capital-energy input
of industry a, L_ is the labor input of industry a, 4 *
denotes the shift parameter in capital-energy-labor
CES function, ¢! represents the share parameter of
capital-energy incorporation in capital-energy-labor
aggregation, and p*’ is the substitution parameter
between the capital-energy aggregation and labor
input.

At the third level, capital and energy are aggregated
into capital-energy composition following a CES
function. The production function at this level is
expressed in the following equation:

ke

KE, = A“[c' K" +(1—c")EX 1'%
a a a a a a (4)

..where K is the composite capital-energy input
of industry a, E is the energy input of industry a,

A} represents the shift parameter in capital-energy
CES function, ¢ * is the share parameter of capital in
capital-energy composition, and p * is the substitution
parameter between capital input and energy input.

At the fourth level, energy composition is constitutive
of high-carbon energy and low-carbon energy following
a CES function, which is presented in the following
equation:

E,= Ao HE) +(1—-0, )LE; T™ ()

..where HE is the high carbon energy input of
industry a, LE is the low-carbon energy input of
industry a, 4 ¢ represents the shift parameter in energy
CES function, ¢/ is the share of high-carbon energy
in energy incorporation, and p ¢ is the substitution
parameter between high- and low-carbon energy.

At the fifth level, coal, oil, natural gas, and
thermal power are aggregated into high-carbon
energy composition following a CES function. The
production function at this level is shown in the
following equation:

he

h ] he he s
HE, = A‘[c"coal? + o petr’ + o5 gas’

a a

I e QU ple
+(-0" —o?" — o) fele? 1"

a a

©)

...where coal , petr , gas , are the coal, oil, natural gas
input of industry a; fele is the thermal power input of
industry a; 4'¢ denotes the shift parameter in high
carbon energy CES function; oa”"’, ol o, are
the CES share parameter of coal, oil, and natural gas
in high carbon energy composition; and Ap ¢ is
the substitution parameter in the energy aggregate
function.

Market Block

In this model, domestic consumption, domestic
production, import, and export are converted by the
following two methods, as illustrated in Fig. 2. The
import decision follows the principle of minimum
cost. The Armington [36] assumption is adopted in
the ECGE model, and it is assumed that there is

Output

Domestic supply

Armington, ¢ =3.0

Domestic
consumption

Fig. 2. Framework of market block
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imperfect immutability between imports and domestic
production. As for export, this model employs a constant
elasticity transformation (CET) function to assign
total domestic output between exports and domestic
consumption. The function of market block is shown in
the following equation:

00, =7,,[6d,(0D,)" +1-5d,)-(OM )" ]
(7

...where QD is domestic production of commodity a,
OM  is the imported commodity a, y, = depicts the shift
parameter in Armington function, dd, is the Armington
share parameter of domestic production in domestic
consumption composition, and p  represents the
substitution parameter in Armington function.

QXa = yea (gda ° QDapw + gea . QEap"” )l/pm(g)

...where QD is domestic production of commodity a,
QE  is the exported of commodity a, y  represents the
shift parameter in CET function, ed, denotes the CET
share parameter of domestic production in domestic
consumption composition, and p, is the substitution
parameter in CET function.

Income and Expenditure Block
Household Income and Expenditure

Household income (YH) comes from labor, capital
and government transfer payments. Households decide
their own consumption according to the principle
of utility maximization. The household expenditure
covers commodity consumption and income tax.
The surplus forms the household savings. It is shown in
the following equations:

YH =w-QLS +shif,, -r-OKS +transfr,,

+rate, - ZPM . OM  +transfr,,
a ©

PQa HDa :S]’ll"ha mpc(l—th)YH (10)

SH =(1-th)-YH - PQ,-0H,
a 11

...where w is the price of labor, r is the capital price,
QLS represents the gross labor supply, OKS denotes the
gross capital supply, transfrhg is transfer payments from
the government to the household, transfr, is transfer
payments from the enterprise to the household, shif,,
is the share of capital elements to household, rate,  is
the proportion coefficient of residents’ foreign income,

ZP M, -OM, is total value of imported products,
PQ, is the composite price of commodity a, HD, is

the consumption of commodity a by household, shrh,
is the consumption share of commodity a in the total
consumption of household, #: is the personal income
tax rate, mpc is the marginal propensity to consume,
YH represents household income, and SH represents
household savings.

Enterprise Income and Expenditure

The enterprise income is mainly from the return
to capital. The enterprise expenditure consists of three
parts: the transfer payment of enterprise to residents,
the investment demand, and the enterprise savings. It is
shown in the following equation:

transfer,, = rate,, - YENT (12)

YENT = shif

e

7 OKS +transfi,,. 3

INV, =in, -(SE+SH+SG+ST7)/PQa (14)
SE = (1-tent)-YENT —transfer,, 15

...where shif, ~is the share of capital elements to
enterprise; transfermg is transfer payments from the
government to the enterprise; YENT is the total income
of enterprise; rate,  is proportion coefficient of enterprise
transfer payment to residents; INV, represents the
investment demand of commodity a; in, is the invest
share of commodity a in the total investment; SH, SE,
and SG are houschold, enterprise, and government
savings; SF is foreign savings; and fent represents the
corporate income ax rate.

Government Income and Expenditure

Government income consists of personal income tax,
enterprise income tax, foreign capital income, indirect
tax, and tariff. Government expenditure encompasses
government transfers to residents, government savings,
and government consumption of commodity a.

YG =th-YH +tent - YENT + ) GITAX ,+ Y GTTAX ,+ GWY

(16)
GWY =rate,,- > PM,-OM,
Z 17)
transfr,, =rate,, - YG (18)
SG = sg - YG (19)

GD, = u,,-(1-rate,, —sg)-YG/ PQ, 20)

> GITAX,

...where YG is government income, « denotes

indirect tax, ZHZGTTAX“ depicts tariff, GWY represents
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transfers from other countries, rate, — represents
proportion coefficient of government income from other
countries, sg denotes the saving rate of government, GD,
is the consumption of commodity a by government, and
ey is the consumption share of commodity a in the total
consumption of government.

Environment Block

The block is the main characteristic distinguishing
the general CGE and ECGE models covering
the carbon tax policy this study described, and it is
also an important breakthrough point to simulate
and analyze the impact of carbon tax policy on the
economic system. In the environment block, CO,
emissions were calculated and carbon tax design was
carried out.

Firstly, according to the method recommended
by the IPCC, CO, emissions could be calculated by
multiplying the demands for fossil fuels based on their
corresponding potential carbon emission factor and
fraction of oxidized carbon. To avoid repeated counting,
only emissions from primary energies are calculated
here.

In this model, the carbon tax is based on the amount
of CO, emissions, and we employ the international
common tax method that levies carbon tax in the use of
fossil energy.

The environment block can be explained by the
following equations:

j =coal, petr, gas

CO,, =Y E xA/
J 1)

J =coal, petr, gas
22

CO,, =(HD, +GD,)- ¥

EITAX,=tc- Y E, -2’ J =coal, petr, gas

23)

TCTAX:ZE]TAX/ J =coal, petr, gas
J

@4

TCO = ZCOZG + ZCO2 ; Jj = coal, petr, gas
a J

(25)

...where CO,, denotes the CO, emission of industry a,
CO,; is the CO, emission of energy j in the process of
final use, TCO is the total CO, emission, /' represents
carbon dioxide emission factor of the 3 primary energies,
EITAX, represents carbon tax levied on intermediate
inputs of fossil fuels j, and 7CTAX is the total carbon
tax.

After calculating the carbon tax of fossil fuels, the
carbon tax rate can be converted to an ex valorem tax
rate. The calculation formula is:

| EITax,
7 PQ;-00, 26)

Therefore, the consumption price of fossil energy
will be (1 + tq.) : PQj, which has a direct impact on
the input cost of the fifth-level production function.
Meanwhile, the government income function will be
changed as the following equation:

YG =th-YH +tent-YENT +)_GITAX,

+> GTTAX,+GWY +TCTAX
P 27)

Macro Closure Block

Macro closure is an indispensable part of
maintaining the integrity of the CGE model. Its essence
is to close the model by increasing the number of
exogenous variables or by deleting some equations [37].
In this paper, two principles of closure are considered:
foreign trade balance and investment-saving balance.

For the foreign trade balance, exchange rate is
assumed to be endogenous and savings in foreign
countries is assumed to be exogenous, which is
illustrated as follows:

> PM,-OM, +YWK +YWG =Y PE, - QE, + YHW + GWY + SF
(28)

As for the invest-saving balance, this model follows
the principle of neoclassical closure, and assumes that
the gross investment equals the whole savings:

TINV =Y INV,-PQ, o

TSAV = SE + SG + SH + SF (30)
TINV =TSAV + WALARS 3D

...where TINV represents gross investment, 7SAV
represents the whole savings, and WALARS is a virtual
variable used to check whether investment equals
savings.

Equilibrium Block

The equilibrium block covers commodity markets
equilibrium and factor markets equilibrium.

In terms of the commodity markets equilibrium,
it is required that the aggregate supply of a commodity
must equal the whole demand for that commodity. The
aggregate demand of a commodity covers household
consumption, government consumption, investment
demand, and the demand for intermediate input, which
can be presented as follows:
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HDa + GDa + INI/a + NDa == QQa (32)

For the factor market, it is implied that the capital
market could realize full adjustment under external
shocks and the labor market could guarantee full
employment [37]. It is required in the capital market
equilibrium that the total capital demand from all
the sectors equals the exogenous overall supply of
capital. Similarly, in the labor market it is assumed that
the total labor demand is equivalent to the overall supply
of labor.

D> K,=0KS
p (33)

L =QLS
Za:” ¢ (34)

Data and Parameter Calibration

The database of this study is the social accounting
matrix 2012 (SAM 2012), which is illustrated in
Table 1. SAM is a data matrix expression of the specific
economic relationships between the various ports and
the economic entities in the national economic system,
and could reflect overall economic activity in detail.
The data source of the SAM in this study is from
China’s national input-output (IO) table 2012 [38], the
National Bureau of Statistics of P.R. China [39], and the
China Fiscal Yearbook 2013 [40]. Then, according to
the needs of this study, the sectors are divided into 11
departments (Table 2).

Based on SAM 2012, a calibration process is
conducted to determine the parameters in the model.
Exogenous parameters in this model include substitute
elasticities in the product block and the market block as

Table 1. Social accounting matrix in 2012 (billion yuan).

Table 2. Description of sector classification.

Sectors Description

Agri Agriculture, forestry, animal husbandry,
and fishery

Hindus Heavy industry

Lindus Light industry
Stran Transportation
Buil Construction industry
Serv The tertiary industry
Coal Coal mining and washing industry
Petr Petroleum exploitation and coking industry
Gas Natural gas production and supply industry
Efele Thermal power production and supply industry
Rene Renewable energy

well as carbon emission factors in the environment block.
There are two main methods to estimate substitution
elasticities. One is the method of econometrics and the
other is a reference to related studies. Here, based on the
second method, we estimate the substitution elasticity
of the CES function in each department according to
related studies [41].

There are three main methods to determine carbon
dioxide emission coefficients. According to carbon
emission factors of fossil energy from IPCC, the
conversion of physical energy consumption and actual
heat is adopted in the first method. The second method
is a direct reference to the carbon emission factor in the
Japanese energy economic statistics manual. The third
method is to calculate the actual consumption of energy

A C L CA HH ENT GOV IFA IC F Total
1464961 136666 | 1601627
1064827 198537 73182 | 255335 12692 1604572
264134 264134
CA 199060 199060
HH 264134 | 24336 16343 16585 321400
ENT 178348 178348
GOV 73606 17586 5820 19655 -196 116472
IFA 117042 | 142350 | 26705 -18070 | 268027
IC 12692 12692
F 122025 -3624 118401
Total 1601627 | 1604572 | 264134 | 199060 | 321400 | 178348 | 116472 | 268027 | 12692 118401

Notes: A is activity, C is commodity, L is labor, CA is capital, HH is household, ENT is enterprise, GOV is government, IFA is invest-
ment in fixed assets, IC is the inventory change, F is foreign,Total is the summary.
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Table 3. Macroeconomic impacts of carbon tax at different levels.
Mai;;)reizg?e"smlc TAXO | TAX10 | TAX20 | TAX30 | TAX40 | TAX50 | TAX60 | TAX70 | TAXS80 | TAX90 | TAX100
Real GDP (%) 0 20.04 | -009 | -0.14 | -0.19 | 025 | -030 | -036 | -0.42 | -048 | -0.54
Price level (%) 0 0 001 | 002 | 003 | 005 | 007 | 009 | 012 | 014 | 017
Household income (%) | 0 003 | 006 | 009 | o011 | 014 | 016 | 018 | 020 | o021 0.23
Government income (%) | 0 088 | 171 | 250 | 324 | 394 | 461 | 525 | 586 | 645 | 7.01
Enterprise income (%) 0 2011 | =021 | 031 | 041 | -050 | -059 | -068 | -0.77 | -0.86 | -0.95
Household saving (%) 0 003 | 006 | 009 | 011 | 014 | 016 | 018 | 020 | 022 | 023
Government saving (%) | 0 088 | 172 | 250 | 324 | 395 | 462 | 525 | 587 | 645 | 7.01
Enterprise Saving (%) 0 20.10 | -020 | -030 | -040 | 050 | -059 | -0.68 | -0.77 | -0.86 | -0.95
Total investment (%) 0 025 | -050 | -0.74 | 097 | -120 | -1.43 | -1.65 | -1.87 | -2.08 | -2.29
Welfare (%) 0 012 | -024 | -036 | 048 | 059 | -0.70 | -0.81 | -092 | -1.02 | -1.12
Househ(’ld(;o)“sumpnon 0 011 | 022 | -032 | 043 | -053 | -063 | 072 | -0.82 | 091 | -1.00
0
Government 0 082 | 159 | 232 | 300 | 364 | 426 | 484 | 539 | 592 | 643
consumption (%)

employing the carbon dioxide emissions from fossil
energy. Given the country difference of carbon dioxide

emission coefficient, in this paper, we mainly refer to
the third method.

Results and Discussion

Tax rate is the core content of a carbon tax policy
design. At present, there is not a uniform tax rate in
international carbon tax levying. In 2005 the carbon
tax rate in Denmark was about €12.1/t CO,. In 2008
in Finland was close to €20/t CO,, and in Sweden it
was about $40/t CO,. From the current research in
China, the Ministry of finance of China has proposed
a short-term carbon tax rate of 10 yuan/t CO,, and a
long-term carbon tax rate of 40 yuan/t CO,. Yao Xin
and Liu Xiying [42] found that the optimal carbon tax
rate in China was 18.28 yuan/t CO,, which was close
to the rate of 20 yuan/t CO, proposed by the Ministry
of Environmental protection of China. Therefore,
combined with international experience as well as the
economic background of China, we set the tax rate at
0-100 yuan/ton CO,, which is expressed by TAXO-
TAX100, respectively. Among these, TAXO0 is the
baseline scenario without a carbon tax.

Macro Effect
Economic Effect

The variation of macroeconomic indicators relative
to baseline scenario is illustrated in Table 3. GDP is
an important indicator to evaluate the social and
economic cost of a mitigation policy. As a developing
country, in order to meet the increasing material and

cultural needs of the people, it is especially important
for China to maintain relatively fast economic growth.
In this model, the 2012 price serves as a benchmark
price, so the GDP we discussed here is real GDP
calculated with an expenditure approach, covering the
total consumption, investment, and net exports of China.
From the results in Table 3, we find that a low tax rate
of 10 yuan/t CO, has a mild negative influence on real
GDP only with a loss of 0.04%, and such a negative
effect would be increased with a higher tax rate. When
the tax rate is set at 10-100 yuan/t, the real GDP will
be reduced by 0.04-0.54%. This result is consistent with
previous related studies that the economy will suffer a
light loss due to carbon tax policy. For example, Zhou
et al. [16] found that the real GDP in China would be
cut down by 0.09%, 0.20%, and 0.33%, respectively,
at carbon taxes of 30, 60, and 90 yuan/t CO,. Lu et
al. [27] constructed a model to evaluate the carbon
tax effects on the Chinese economy, assuming that
China introduced a carbon tax in 2013. They found that
if the tax rate is 50 yuan/t CO,, the GDP loss would
have been 0.19% in 2013, which is close to the results
of this paper.

Generally speaking, the impact on the macro-
economy is still within a bearable range, so a carbon tax
is feasible in China. To reduce the detrimental impact
on the economy in the short term, the introduction of a
precautionary system can be considered. It is suggested
that a tax rate of 10-30 yuan/t CO, might be appropriate
as a starting point in China, and then the tax rate remains
stable during an appropriate long period of time. This is
confirmed by many researchers. For example, Wang et
al. [7] argued that a lower carbon tax rate was a feasible
option in China’s near future. The low carbon tax rate
has a smaller impact on the economy of China, while
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Table 4. Variations of CO, emissions and CO, intensity under different carbon tax levels and the contribution of energy-efficiency
improvement to CO, abatement (CEEIA).

S1 S2 S3 S4
Carbon tax Cco N co - co - o N
(yuan/ton) Emisszion CO, intensity Emisszion CO, intensity Emisszion CO, intensity Emisszion CO, intensity
) oo ) oo ) oo (%) oo

TAXO0 0 0 0 0 0 0 0 0
TAX10 -3.06 -3.02 -3.21 -3.21 -3.36 -3.40 -3.66 -3.79
TAX20 -5.88 -5.80 -6.03 -5.99 -6.17 -6.18 -6.47 -6.56
TAX30 -8.49 -8.38 -8.64 -8.57 -8.78 -8.75 -9.08 -9.12
TAX40 -10.93 -10.78 -11.07 -10.97 -11.21 -11.15 -11.50 -11.51
TAX50 -13.20 -13.03 -13.34 -13.20 -13.48 -13.38 -13.76 -13.74
TAX60 -15.32 -15.12 -15.46 -15.30 -15.59 -15.47 -15.87 -15.82
TAX70 -17.31 -17.09 -17.45 -17.26 -17.58 -17.43 -17.85 -17.77
TAXS80 -19.19 -18.94 -19.32 -19.11 -19.45 -19.27 -19.72 -19.61
TAX90 -20.95 -20.69 -21.08 -20.85 -21.21 -21.01 -21.47 -21.34
TAX100 -22.62 -22.33 -22.75 -22.49 -22.87 -22.65 -23.13 -22.98
CEEIA -0.141 -0.178 -0.277 -0.354 -0.560 -0.712

it leads to obvious CO, emissions reduction. Liang [43]
held that high carbon tax rate has a substantial adverse
effect on the economy and some sectors may be highly
adversely affected. Carbon tax should begin with a low
tax rate.

Another economic consequence of carbon tax is the
effect on economic entities. As presented in Table 3, the
carbon tax collection caused an increase in the income
of household and government and a decline in the
enterprise income. For the government, the carbon tax
collection has a direct influence on the income increase.
When the tax rate is at 10-100 yuan/t CO,, compared
with baseline scenario, the government income will rise
significantly — by 0.88-7.01%. Therefore, government
consumption will increase by 0.42-6.43%, though the
product price has risen. Moreover, government savings
will be enhanced. As for households, the increase
of household income mainly comes from the rise in
nominal factor prices caused by rising general price
level. By imposing a rate of 10-100 yuan/t CO,, the
general price level increased by 0-0.17% and the rise in
household income was 0.03-0.23%. In addition, the price
rise reduces housechold consumption ability (0.06-1.0%),
causing a sharp decline (0.12-1.12%) in social welfare. In
terms of enterprise, the income will be reduced due to a
carbon tax policy, and the effect will be increased with
a higher tax rate. For example, it declined by 0.11-0.95%
when the tax rate is 10-100 yuan/t CO,. Moreover, the
decrease in income affects the investment ability of
enterprises, producing an acceleration number effect.
It can be seen from Table 3 that the total investment
is reduced by 0.25-2.29%, dropping more than the
decline in revenue. In other words, carbon tax will

lead to a redistribution of income among economic
entities. Increasing the tax rate will further promote
the economic effects of carbon tax. Based on the above
analysis, we can observe that carbon tax will exert a
distortion effect on income distribution and a negative
effect on housechold and enterprise. To mitigate these
effects, compensation for residents and enterprises in the
manner of government transfer payment is necessary,
especially for tax refund of enterprises, which can be
applied to energy saving technology improvement, then
producing a multiplier effect of emission reduction.
Remarkably, the results are also in accordance with
those existing related studies such as Liang Q M [30]
and Lou [15].

Environmental Effect

The increase in the cost of fossil energy use caused
by carbon tax levying could enable an enterprise to
improve energy efficiency through R&D or other ways.
In this way, emission reduction targets will be achieved
at a lower cost. According to previous calculations, the
energy efficiency improvement rate is about 0.5-2% in
China. Therefore, we set up four scenarios in which
energy efficiency increased by 0% (S1), 0.5% (S2), 1%
(S3), and 2%. The simulation results are presented in
Table 4. In S1, without considering energy efficiency
improvement, CO, emissions are reduced by 3.06-
22.62% and CO, intensity is reduced by 3.02-22.33%
when imposing a carbon tax rate of 10-100 yuan/t CO,.
It can be observed that carbon tax has a significant
reduction effect on CO, emissions, and the effect
increases with a higher tax rate. And the results of CO,



2458

Wu Q., et al.

emissions reduction meet the research findings of Zhou
et al. [16] and Lu et al. [27]. Zhou [16] found that CO,
emissions would be reduced by 5.56%, 10.45%, and
14.74% at the carbon tax of 30 yuan/t CO,, 60 yuan/t
CO,, and 90 yuan/t CO,, respectively. In the study of
Lu, for the carbon tax of 50 yuan/t CO,, the carbon
emissions will be reduced by 3.12%.

To further verify the importance of energy
efficiency for emission reduction, we first calculated
the discrepancies of carbon emission and intensity in
S2, S3, and S4 with Sl, then averaged the differences
to obtain contribution values at all tax rate levels. The
results are shown in Table 4. The contribution values of
CO, emissions in S2, S3, and S4 are only -0.141, -0.277,
and -0.560, respectively, and the contribution of CO,
intensity is only -0.178, -0.354, and -0.712, respectively.
It can be seen that there are no considerable differences
in S1, S2, S3, and S4 which is also confirmed by
Lou [15]. This illustrates that the energy efficiency
improvement would be relatively inefficient for reducing
carbon dioxide emissions in comparison with carbon
tax in China. In the future, the relatively high cost of
reducing carbon emissions in China will require more
coercive carbon tax policy, which is almost inevitable.

Furthermore, from the existing studies about CO,
abatement, Chinese carbon intensity was 4.374 t/ten
thousand yuan in 2005 and it dropped to 3.186 t/ten
thousand yuan in 2012. China cut its carbon intensity by
27.04% until 2012. With the target of carbon intensity
reduced by 40-45% in 2020 compared to that of 2005,
this is equivalent to a decrease in carbon intensity of
around 17.63-24.49% between 2012 and 2020. The
simulation results in Table 4 showed that carbon
intensity is reduced by 17.09-22.33% by imposing a
carbon tax rate of 70-100 yuan/t CO,, therefore it can
be derived that a tax rate of 70 yuan/t CO, may be an
appropriate rate to realize China’s reduction goal in
2020.

(%) 5

[o - LT[ [ —
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Structural Effect

After the introduction of carbon tax, most sectors
generally face the situation of rising costs and decreasing
revenues. Moreover, the demand for related products is
shrinking, resulting in output decrease across sectors.
However, in various departments, due to the differences
in the fossil fuels demand and the production function
elasticity, the economic and environmental effects of
carbon tax will also show structural discrepancies
across sectors, as illustrated in the following section.

Economic Effect on Sector Level

Fig. 3 reports variations of sectoral output under
different carbon tax levels. Under the scenarios of
TAX10-TAX100, the eight energy or high energy-
consuming industries of heavy industry (Hindus),
transportation industry (Stran), construction industry
(Buil), coal mining and washing industry (Coal), oil
mining and processing industry (Petr), natural gas
extraction industry (Gas), production and supply of
thermal power (Efele), and renewable industry (Rene)
suffered larger output losses with an average output
decline by 0.95-7.65%, corresponding to the baseline
scenario. Coal experiences the largest output reduction
by 3.85-28.06% due to a carbon tax. Then the output
decline of Gas ranks second with a ratio of 1.19-10.75%.
The results are inconsistent with most existing related
studies. For example, Guo et al. [§8] found that the
implementation of a carbon tax would negatively affect
the energy or high energy-consuming sectors and would
have the most adverse influences on Coal. Masoud
Yahoo [44] argued that energy sectors are affected
substantially due to carbon tax policy in Malaysia.
While there are also some sectors of low energy
consumption that experience a little output growth with
an average increase by 0.09-0.75% compared with the
baseline scenario, including agriculture industry (Agri),

Serv Coal Petr Gas Efele Rene

Sectors

B TAX10 mTAX20 TAX30 TAX40

Fig. 3. Variations of sectoral output under different carbon tax levels.
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Fig. 4. Variations of sectoral price under different carbon tax levels.

light industry (Lindus), and tertiary industry (Serv).
It also corroborates many previous related studies [8, 15,
40] that showed that the implementation of carbon tax in
China results in an increase in the output of low-carbon
industries.

In a word, the differences on industry level are
mainly accounted for following aspects. Firstly, because
of the significant difference of CO, emissions across
sectors, carbon tax will exert a remarkable influence
on the high-carbon sectors such as Coal, Petr, Gas,
and Efele. The additional cost of carbon tax is passed
on to consumers through commodity prices, leading
to an obvious rise in price. Secondly, the high-carbon
sectors are either related to people’s livelihood, such
as Gas, or to provide energy or raw materials for other
industries, such as Coal, Petr, and Efele. Due to the

%O -|I§|I|
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I |3§; | I
-10

-15

-20

-25
-30
-35
-40

-45

Agri Hindus  Lindus

Stran Buil

small demand elasticity and slight substitutability of
these sectors, levying carbon tax on these industries
will indirectly lead to the growth of other industries.
Therefore, production cost and output price will rise to
some extent, leading to a general price increase. Finally,
the distinguished sensitivities of production cost and
price to carbon tax vary across different sectors.
Specifically, the production cost and price in energy or
high energy-consuming industries are more sensitive
to carbon tax, leading to a larger rise in production
cost and commodity price in these sectors, further
encouraging a production and consumption structure
transformation to low energy sectors. This conjecture
is verified by the impact of carbon tax on sectoral
price, as illustrated in Fig. 4. Carbon tax has a
remarkable impact on the price of these eight energy

bl I| ‘i

Serv Coal Petr Gas Efele

Sectors

TAX10 mTAX20 mTAX30 mTAX40

Fig. 5. Variations of CO, emission under different carbon tax levels.
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Fig. 6. Variations of CO, intensity under different carbon tax levels.

or high energy-consuming industries. Compared with
baseline scenario, the average price increase in these
sectors is 0.63-5.7%, while the shock on the other three
low energy-consuming industries is limited, with only
an average rise of 0.09-0.84%.

In this study, the impact of carbon tax collection
on sectoral profit is evaluated according to the relative
change of sectoral output and commodity price. We
found that there are four sectors suffering a profit loss,
namely Hindus, Coal, Petr, and Gas. Furthermore, profit
loss increases with higher tax rates. In the scenarios
of TAX10-TAX100, the decline of profit in these four
sectors expands from 0.05%, 2.87%, 0.17%, and 0.57%
to 0.37%, 19.19%, 1.69%, and 5.06% with the baseline
scenario, respectively. However, the other sectors
witness a profit increase either due to the rise of price
and output or the amplitude of price rise more than the
output decline. Therefore, considering the discrepant
impacts of carbon tax on the profit across sectors, a
moderate increase in tax return for the most heavily
affected sectors (heavy industry and energy industry) is
necessary, and it is crucial to implement the differential
subsidy policy for reducing policy resistance.

Environmental Effect on Sector Level

Fig. 5 demonstrates the impacts of different carbon
tax rates on sectoral CO, emissions. From the results it
can be obviously concluded that CO, emissions in the
11 Chinese sectors will be reduced due to carbon tax,
and the reduction effect will be increased with a higher
tax rate. In comparison with the baseline scenario,
when the carbon tax is set at 10-100 yuan/t CO,, the
average decrease of CO, emissions is 2.26-17.09%, of
which Coal experienced the largest decrease (by 5.63-
38.55%), followed by heavy industry, with a reduction
of 3.10-23.25%. However, CO, emissions in sectors like
Agri, Lindus, and Serv have mild reductions of 0.53-
4.77%, 0.70-6.07%, and 1.04-8.35%, respectively. It is

obvious that carbon tax is effective for reducing sectoral
carbon emissions, especially for high-carbon sectors
such as Coal. Moreover, we found that there is a liner
relationship between output effect and CO, emission
reduction effect. The hidden reason lies in the fact that
the decline of energy consumption and the increase of
production cost play an important role in the carbon tax
effects on output and CO, emissions. Notably, the results
are in accordance with most existing related studies [8,
14, 43], which also observed that carbon tax will have
a remarkable impact on CO, emission reduction of
energy-intensive sectors.

Furthermore we calculate the carbon intensity
change rate to eliminate the decline of carbon emissions
caused by sectoral output reduction, as shown in
Fig. 6. In the scenarios where the tax rate is set at
10-100 yuan/t CO,, we found that the decreasing rate of
carbon intensity in light industry (Lindus) is the largest
at 3.10-23.44%, followed by that in Hindus, Efele, and
Buil to be 2.68-19.59%, 2.16-15.97%, and 1.75-13.07%,
respectively. While the decreasing rate of carbon
intensity in Petr is the smallest at 0.30-2.31%, then that
in sectors like Agri and Stran is as little as 0.59-5.24%
and 0.57%-4.76%. Notably, the results are inconsistent
with previous studies [15, 26, 40].

It is worth mentioning that the above conclusions
only reflect the sensitivity discrepancies in emission
abatement or intensity reduction to carbon tax across
sectors, which does not capture entirely the CO,
abatement potential across sectors. Since the abatement
potential depends not only on the relative change rate
of carbon emissions due to a carbon tax, but also on
the initial emissions of the industry. For example, the
change rate of CO, emissions and intensity in Stran is
slight from the baseline level, but the CO, emissions in
transportation industry accounted for 7% in Chinese
CO, emissions, so the transportation industry should
be given a high priority during the abatement potential
deciding process. By comparison, as a result of carbon
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tax, the change amplitudes of CO, emissions and
intensity in Lindus is large, while the CO, emissions
share of light industry in Chinese total CO, emissions
is only 2.8%, hence there may actually be a limited CO,
abatement potential in China’s light industry.

Conclusions

To cope with climate change, the introduction of a
carbon tax is put on the agenda. In this paper, an ECGE
model consisting of an environment block is established
to estimate the macro effect and structural effect of
carbon tax policy in China. Based on the proposed
model, different policy designs at the tax rate of
10-100 yuan/t CO, are simulated. Generally speaking,
the results of the simulation carried out in this paper
are consistent with many other studies. It should be
noted that the data results vary with the choice of the
models as well as some model assumptions. This
highlights the importance of model choice and the
database.

The main conclusions of this study are as follows:
(1) From the perspective of macroeconomic effects

corresponding to the baseline scenario without a

carbon tax collection, when the carbon tax rate is set

at 10-100 yuan/t CO,, the GDP loss will be increased
by 0.04-0.54%. Generally speaking, the impact on
the macro-economy is still within a bearable range.

In the short term, the negative impact of China’s

carbon tax policy on the economy is limited.

Meanwhile, carbon tax will result in the redistribution

of social income. Compared to the baseline scenario,

as the tax rate is set at 10-100 yuan/t CO,, the
household income will increase by 0.03-0.23% and
the government income will rise by 0.88-7.01%.

While due to the price rise caused by carbon tax, the

household welfare will suffer a loss of 12.43-112.32%.

In addition, the enterprise income will decrease by

0.11-0.95%, weakening the investment capability

with a decline in the total investment by 0.25-2.29%.

Therefore, moderate compensation for residents

and enterprises can modify the tax distorting effect

of carbon tax to some extent, and help enterprises
accelerate the improvement of emission reduction
technology.

(2) As for the environment effect on the macro level,
carbon tax has a significant effect on emissions
reduction. When the carbon tax rate is at 10-100
yuan/t CO,, Chinese CO, emissions will be reduced
by 3.06-22.62% corresponding to baseline scenario,
and the higher tax rate is the more magnificent
the carbon abatement will be. Meanwhile, the
simulation result reveals that the contribution of
energy efficiency improvement to CO, abatement
is so trifling that it can be negligible. Finally, the
simulation result shows that the tax rate of 70 yuan /t
CO, may be appropriate for China’s carbon intensity
target in 2020.

(3) In terms of the economic effect on sectoral level, the
average output in the eight energy or high energy-
consuming sectors declines by 0.95-7.65% compared
to the baseline scenario, while it rises slightly in the
other sectors. The difference between them mainly
stems from the larger price increase in the former
sectors relative to the latter, then encouraging
a conversion of production and consumption to
a low-energy consumption structure. At the same
time the variations of output and price compared with
baseline level induce the profit loss in some sectors
like the heavy industry (Hindus), mining and washing
of coal (Coal), oil mining and processing industry
(Petr), and natural gas extraction industry (Gas).
For this reason, it is suggested that transforming tax
revenue to the four industries is crucial for reducing
their resistance.

(4) From the environmental perspective on the sectoral
level, the simulation results demonstrate that
relative to baseline scenario, when the carbon tax
rate imposed at 10-100 yuan/t CO, the mining and
washing of coal industry (Coal) experiences the
largest decrease in CO, emissions by 5.63-38.55%
and light industry (Lindus) experiences the largest
decline in CO, intensity by 3.10-23.44%. However,
it is somewhat arbitrary to confirm the abatement
potential in these two industries, because the
conclusion should be further analyzed combining the
initial emissions.

There are wealthy studies demonstrating the
economic and environment effects of carbon tax at
a country level, while there are few studies illustrating
the carbon tax effects on the sectoral level. In this
paper, we simulated the macro and structural effect of
carbon tax in China employing an environment CGE
model and obtained some interesting conclusions.
Meanwhile, we would offer several perspectives for
future work in this paper. First, the model established
in this paper is static, so there may be some limitations
in the analysis of real economic problems. Therefore, it
is necessary to enrich the research on dynamic models.
Second, the low-carbon energy is not separated to solar,
wind, etc., in this study due to the lack of data in China and
the share of low-carbon energy is too small. Hence
further research would try to separate the low-carbon
sectors in detail. Finally, the implementation of carbon
tax is a complex process, the object of taxation and
the methods of taxation need to be discussed in detail in
the future.
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